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1 Preface

The GGU-GABION program allows the analysis of retaining structures manufactured using con-
crete elements, stacked blocks and gabions. It is also possible to easily generate and analyse a
noise abatement wall using gabions.

The governing basis for these analyses is the March 2003 FGSV (Forschungsgesellschaft fur
Strallen und Verkehrswesen) Fact Sheet 555. For analysis both the global safety factors to DIN
1054 (old) and the new partial safety factors to EC 7 may be taken into consideration.

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
7
"?" 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 sec-
tion 9.1).

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 program has been thoroughly tested. No faults have been found. Nevertheless, liability for
completeness and correctness of the program and the manual, and for any damage resulting from
incompleteness or incorrectness, cannot be accepted.

2 Capabilities

The GGU-GABION program has the following special capabilities (and maximum values):

e Almost any kind of definition of gabion bodies may be defined.

e Base inclination of the gabion body

e Up to 50 soil layers

e Up to 40 berms on the active earth pressure side

o Up to 40 berms on the passive earth pressure side

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

o Coefficients of passive earth pressure pursuant to DIN 4085, Streck, Caquot/Kerisel
e Analysis of settlements according to DIN 4019

e Verification of external stability

e Verification of inner stability to EC 2/DIN 1045-1 or DIN 4093

e Verification of sliding safety, overturning safety and maximum geogrid forces
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e Convenient interface to the stability analysis application, GGU-STABILITY, for quick de-
termination of safety factor against general failure

e Seismic effects via additional horizontal loads and/or altered earth pressure coefficients
e Analysis of static equilibrium in the EQU limit state

e Analysis of pull-out resistance of geogrids via gamma(B)

e Up to 50 additional earth pressure distributions

e Up to 20 area loads at any depth

e Structural analysis of the wall by means of a two-dimensional rod construction module
based on finite-element methods

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 A variety of different earth pressure redistribution figures:
- 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

e Passive earth pressure can be superimposed (global safety factor concept) or located in
front of the wall.

o Following computation of the system, earth pressure, water pressure, moment, horizontal
force, vertical force and the relationship V-p/H are automatically displayed on the screen.
The visualisation can be varied within wide limits.

e Display of the pressure line, the 1 and 2" kernel width and the gravity axis

e Legends can be displayed on screen indicating soil characteristics, general computation
data, data needed for settlement calculations and the main design data. Thus, virtually all
the raw data necessary for the computation are shown on screen.

e GGU-GABION'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. In particular, 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.)

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

GGU software is provided with the WIBU-Systems CodeMeter software protection system. For
this purpose the GGU-Software licences are linked to an USB dongle, the WIBU-Systems
CmStick, or as CmActLicense to the respective PC hardware.

It is required for licence access that the CodeMeter runtime kit (CodeMeter software protection
driver) is installed. Upon start-up and during running, the program GGU-GABION checks that
a licence on a CmStick or as CmActLicense is available.

4 Language selection

GGU-GABION is a bilingual program. The program always starts with the language setting ap-
plicable 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".

The program simplifies system input by moving directly to the dialog box after clicking "New",
which you can also open using the menu item "File/New" (see section 8.1.1). Once you have fin-
ished in this box you can generate the desired wall using the "Common systems".

The system will then be displayed on the screen and you will see nine menus at the top of the
window:

o File

e Editor 1

o Editor 2

e Reinforced soil system
e System

e Evaluation

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-GABION screen is not refreshed after every alteration.

If you would like to refresh the screen contents, press either [F2] or [Esc]. The [Esc] key addi-
tionally sets the screen presentation back to your current zoom, which has the default value 1.0,
corresponding to an A3 format sheet.
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6 First steps

6.1 Worked example 1: Gabion wall

6.1.1 System description (Ex. 1)

As, from personal experience, the reading of user-manuals is a chore, there will now follow a
short description of the main program functions. After studying this section you will be in a posi-
tion to carry out analyses. You can take the details of the program from the following chapters.

] )
1148 i 2.00
[l 19 I
—4 —1 |
_ 50
8 2"
= B0
o
=
=
3
-
=
o=a
o0
o [30m

Figure 1 Example system 1

A 3 m high terrace with a 1 m high head berm, inclined at 1 : 2 is to be supported. A vertical load
of 5 kN/m? acts on the berm. The angle of repose of the gabion elements is 82°. The design
groundwater level is at 1.5 m below ground level (b GL). The backfill is a gravel-sand. Below this
is a medium-compact sand. 4 gabion elements with a uniform height of 1.0 m each and a uniform
width of 1.6 m are used. The following material properties are present:

e Gabions
unit weight y = 18 kN/m?
friction coefficient in the joints p = 0,6
design concrete compressive strength £, 4 (EC 2) of the elements = 0,20 MN/m?

¢ Gravel-sand
friction angle ¢ = 35°
cohesion ¢ = 0 kN/m?
wet unit weight y = 18 kN/m?
wall friction angle (active) =2/3 @

GGU-GABION User Manual Page 11 of 123 June 2020



e Sand
friction angle ¢ = 32,5°
cohesion ¢ = 0 kN/m?
wet unit weight y = 19 kN/m?
buoyant unit weight y ' = 10 kN/m?3
wall friction angle (active) =2/3 ¢
no passive earth pressure used
constrained modulus Eg = 60 MN/m?

6.1.2 Step 1: Select analysis options (Ex. 1)

After starting the program the logo is displayed. Select the menu item "File/New". The following

dialog box will appear:

System Preferences

- Project identification;

|Example 1
- Standard:
% Partial safety factors [EC 7)
(" Pattial safety factors (DIN 1054: 2005)
" Global safety factors (DIN 1054 old)
 Analysiz of intemnal safety
" Based on DIN 4093201208
* BasedonEC2
[¥ EC 2 with serviceability
~ General
[T Show gabion wall on right
[T Do nat investigate overturming

[T Differentiate active + passive soil properties
[with reference to: phi, gamma + gamma’)
Geognds
V¥ Geogrids via company products
¥ Store company products in record

| Ok, I Cancel

Info EC7

[T Use absolute heights Desig. |m

HEE

For this example, use the settings shown in the dialog box above and click "OK". First, another

dialog box opens:
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Open "Common systems’ dialog?

Yes I Mo

If you click "Yes", you can immediately generate the body's geometry (see section 6.1.5). How-
ever, for this example, click on "No" first.

A new system is then displayed on the screen and the complete menu bar is shown.

6.1.3 Step 2: Define the system (Ex. 1)

Select the menu item "System" from the "Editor 1" menu. The following dialog box will appear.
Enter the figures shown below:

System b4

System

Base in front of wall [m] 3150
Groundwater [nght] [m] 5.00
Groundwater [left) [m] 5.00

Distribusted load [kN /] 0.00
Type of distibuted load:

Component > 10.0 kN/? changeable v |

Pazsive side

Distributed load [kM /] 0.00
Caes

Because no absolute heights are used the top of the wall has a height of 0.0 m and all depths en-
tered are positive downwards.

The 5 kN/m? live load for the example system is entered later using the menu item
"Editor 1/Berms (active side)".
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6.1.4 Step 3: Define body loads (Ex. 1)

Select the menu item "Body (general)" from the "Editor 1" menu.

Loads + geometny

Peimanentig] Changeable(q)
Vertical load [kN/m]; | 0O | 00
Horizontal load [kN/m} | 00 | 00
 [m}: [0500
Load transmiszion width [m]: W i .

Footing length [m}: [100.00
[for beanng cap. + setilement)

+V

Base inclination [*]; 0.00

Friction coefficient [-] =
[between the tier elements]

Cancel |

Generally, gabions are not subject to a "Vertical load" or a "Horizontal load" at the top of the
wall. In spite of this, values may be entered here if such loads do exist. Define the location of the
vertical load from the top right edge of the gabion wall using "x(load)".

The "Load transmission width" is required for verification of the internal stability of the gabion
wall to EC 2. If the load is not transmitted across the whole width, define the appropriate value.
Otherwise, you may leave the default value of 99.0 unaltered.

The "Footing length" only influences the verification with regard to bearing capacity and settle-
ments. You can also define any existing "Base inclination" in the above dialog box. The "Fric-
tion coefficient" between the tier elements (gabions) is required for verification of the internal
sliding safety of the gabion wall.
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6.1.5 Step 4: Define body geometry (Ex. 1)

Select the menu item "Editor 1/Body (geometry)". Data input for body geometry is in horizontal
sections. For this, you define the depth of the horizontal section and the two corresponding x val-
ues of the gabion wall in the dialog box (see section 8.2.4).

For most practical cases input can be automatically generated using the "Generate" button. When
the "Generate" button is clicked, the following dialog box opens, allowing the type of elements to
be specified.

Generate body X

Type of new body

& Element width constant; elements inclined

Element width vanable; elements inclined

Element width vanable; elements inherently inclined
Element width variable: 1 inclined elament

& e el

Moise abatement wal

Eamsll

For this example, confirm the default with "OK". A further dialog box opens.

Generate wall x

Element height [m]: W
Element width [m} [1600
Joint width [m}: [00m
Inclination [} 82000

Mo, of elements: [E-

[T Generate footing

Footing height [m]: | 0.200

Footing width [m]: 1.400

Once you have entered the data from the above dialog box and closed the box using "OK", the
newly generated points are accepted.
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Fow | Back | Cancel |[ Done | Load |

8 poinits to edit I Sart ] Save I
No.  Depth m] lef) [m] dight)[m] ~_ Generate

Wall top = 0,000 | 1600 0.000

[ 1.000 | 1.600 [ oooo Interpolate |
[ 100 [ 1741 [-0a1 Intespolate |
[ 2000 [ 1741 EXC Interpolate |
["2om [ 1881 [0281 Interpolate |
[3.000 [ 1881 [0281 Interpolate |
[300 [ 2022 [ 0422 Interpolate |

[ 4001 | -2.022 [ 0422

W =~ N M & W M

The geometry of the gabion body has now been successfully entered. After closing the box using
the "Done" button you will see the generated gabion elements represented on the screen.
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6.1.6 Step 5: Define material of gabion (Ex. 1)

Select the menu item "Editor 1/Material" and enter the values shown in the dialog box.

gamma [ abion)
gamma [Gabion] [kMNAre | | 18.00

‘2nid gamma’ (G abion)
[ Use '2nd gamma’
"2nd gamma' [kN/me} [2z00
below [m]; ET

W ater in gabion
¥ "Buopant gamma’ if groundwater in wal _?I
¥ Mo water pressure on gabions
Gabion
V¥ Verity intemnal stability
from [m) 0,000
to [rn) l‘aaa”“ni?u_

fn.f [MN /] 0.200 2]
sigEk,SLS MN/re} [ 1,600 il

Young's mod. [kN/we]: | 2 5000 +4

n-value for load distibution
2.000
(see DIN 1045 Table 17)
[~ ‘Walltop kept horizontal 2]

[T Mo buckling analysis for displacement to earth side

(o] oo

The program allows you adopt user-defined unit weights to be used in the analysis, if the gabion
wall rests on a footing, for example. It is also possible to consider a "Buoyant gamma" if the
gabion wall is constructed within groundwater. "Young's mod." designates the Young's modulus
of the gabion material. This value is required for the structural analysis of the wall.

Using existing design practice the internal stability of a gabion wall is often incorrectly analysed.
Failure cases show, however, that improvements are required in this area. The paper therefore
contains the demand:
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"The internal stability of the gabion elements of the wall is to be verified numerically, or via load-
ing tests.

The inner stability of an element is influenced mainly by

e the fill material and

e the wire mesh.
A reliable numerical determination of inner stability is barely possible, due to the complexity of
interactions between the fill material and the wire mesh. If necessary, the verification concept of

the DIN 1045 can be used, if an equivalent value for the design value of the concrete compressive
strength of the gabion elements (fm,d) can be determined by modelling tests."”

The program allows analysis of the internal stability to EC 2/DIN 1045-1 and DIN 4093 using this
concrete compressive strength. Values for "fm,d" (design strength of the concrete) and "n-value
for load distribution" are required here (see detailed explanation in section 7.25).

6.1.7 Step 6: Define berm (Ex. 1)

From the "Editor 1" menu select "Berms (active side)". Click "0 berm(s) to edit" and enter 1 as
the new number of berms.

]Donel | | | Eancel]

1 besms to edit |
N Left Right Delta h Surcharge Live
> m] [m] ml [kN/r?) oad
1 |oooo [2000 | 100 | 500 v

Enter the values from the above dialog box and confirm by clicking "Done".
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6.1.8 Step 7: Define soils (Ex. 1)

Select the menu item "Soils" from the "Editor 1" menu. Edit the number of soils by selecting the
"Edit no. of soils" button and then entering the number 2.

= soil properties A

Edit no. of soils I Common sois |
Designation Base gam gam'’ phi cla) clpl dla)/phi  |dp)/phi  |Es
[m] [kN/e]  J[kNAe] (7] [kN/mf]  f[kN/mf] 1] [l [MN /]
1 | Gravel zand 350 18.0 1000 »0 00 oo 0,667 0000 80.0
2 |Sand 6.00 19.0 10,0 325 0.0 0.0 0657 0.000 E00

Cancel Sort Load | Save I

Enter the values given in the above dialog box. You can enter differing cohesion and angles of
friction for the active (a) and the passive sides (p).
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6.1.9 Step 8: Define type of earth pressure (ex. 1)

Select the menu item "Type of earth pressure" from the "Editor 1" menu.

Type of earth pressure x

General

% Use aclive sarth pressure
" Use at-iest earth pressure

" Use increased active sarth pressure

0.50

Area loads
(% Use active earth pressure for area loads
" Use at-rest earth pressure for area loads

" Use increased active earth pressure for area loads
050
Carc

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 these items and
take a look at them, in order to familiarise yourself with them.

This completes data input.
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6.1.10 Step 9: Analyse system (Ex. 1)

Now select the "Analyse" menu item from the "System" menu.

Calculate wall b 4

Type of toe pivol: Tvpe of ep redistibution

Toe is fully fixed % Do not redistribute

Special preferences " Redistibute after EAB

™ Redistibute ep to toe base " Rectangular

™ 2nd order theory " Birectangular MJ
" Triangular Preferences
" Tiapezoidal Preferences
" Quadrilateral Preferences
~

User-defined Preferences

[ Active eath pressure takes wall inclination into consideration
v Show warnings during analysis

(1] 4 ] Cancel |

After clicking the "OK" button the analysis begins. The program first performs an intensive plau-
sibility check of the data input. Once the analysis is complete the system is displayed on the
screen, together with the results. Besides the action effects the following are shown:

e Pressure line:
Location of the resultant in each section

e 1% kernel width:
If the pressure line is within the 1% kernel width the plan area is completely under pressure
=> compressive loading only.

o 2" kernel width:
If the pressure line is outside of the 1* kernel width but inside of the 2™ kernel width,
a foundation gap occurs to a maximum of the position of the centroid.

e 'n-region"
This designates the governing design area to EC 2/DIN 1045-1, which results from the
n-value and the load transmission width.

GGU-GABION User Manual Page 21 of 123 June 2020



6.1.11 Step 10: Evaluate and visualise the results (Ex. 1)

Amongst other things, four legends are displayed on the screen, containing the soil properties, the
most important analysis data, analysis results and the results of the settlement analysis.

If you don't like the legend positions, they can be easily altered. Go to the "Move objects" menu
item in the "Graphics preferences" menu and follow the instructions there. The size of the leg-
ends can be altered by changing the font sizes in the individual dialog boxes (see "Graphics pref-
erences' menu).

Besides the system, the earth pressures, action effects, etc. are displayed for the whole height of
the wall. These entries can also be edited. Go to the "Graphics output preferences " menu item
in the "System" menu. Further evaluations can be displayed by going to the "Evaluation" menu.

The diagram 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.

To further clarify the analysis results the graphics can be supplemented with text and graphic
elements using the "Mini-CAD" module. You can save your work to a file. Go to the "Save as"
menu item in the "File" menu.
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6.2 Worked example 2: Noise abatement wall

6.2.1 System description (Ex. 2)

A noise abatement wall with an overall height of 4 metres on level ground will be analysed. Four
gabion elements with a uniform height and width of 1.0 m x 1.0 m are used. The noise abatement
wall is built on a 1.4 m wide footing, embedded 0.2 m in medium dense sand. The design ground-
water table is at ground level. A wind load of 1.0 kN/m? is adopted.

& &
S 1.00 S
H——
0.00
——————— T 1.00 (q)
o
<
o
<
o
Q
o
e
GW (4.00) 100
020 | Lateral pressures 00(@)

Figure 2 Example system 2

The following material properties are present:

e Gabions
unit weight y = 16 kN/m?
friction coefficient in the joints p = 0,75
design concrete compressive strength f,, 4 (EC 2) of the elements = 0,20 MN/m?

e Sand
friction angle ¢ = 32,5°
cohesion ¢ = 0 kN/m?
wet unit weight y = 19 kN/m?
buoyant unit weight y ' = 10 kN/m?
no passive earth pressure used

Due to the wind loads the active wall friction angle must be set to zero to analyse noise abatement
walls. Otherwise, the wind load would generate a favourably acting active earth pressure at the
rear face of the wall.
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6.2.2 Step 1: Select analysis options and generate noise abatement wall (Ex. 2)

After starting the program you will see the GGU-GABION start-up screen. Select the "File/New"
menu item and accept all presettings. If you prefer, you can enter a project identification, e.g.
"Example 2".

After leaving the dialog box, you will again be queried on "Common systems". For this example,
click the "Yes" button. Alternatively, you can go to the "Editor 1/Body (geometry)" menu item
and click on the "Generate" button there. In both cases the following dialog box opens, in which
you select "Noise abatement wall" as the type of new body.

Generate body X

Tupe of new body

" Element width constant; elements inclined

Element width vanable; elements mclined

Element vadth vanable; elements mherently nchned
Element width vaniable; 1 inclined element

T )

*

Moise abatement wall

Cancel |

After confirming by pressing "OK" you will see another dialog box, in which you use the follow-
ing settings to automatically generate the noise abatement wall.

Generate noise abatement wall X

Mo. of elements: [4_
Element height [m]: 1.000
Elemnent width [top] [m]: 1.000

Element width (bottom] [m] 1.000

Joirt width [} [0o001
Basze height in front of wall [m]: | 4.000
Wind load [kN/mf]: 1.000

Wind load analysis |

[V Generate footing

Footing height [m} (0200
Footirg width [m]: 1.400

ok | Cancel |

The "Base height in front of wall" is calculated from the top of the wall (= 0.0 m) and is positive
downwards. An active berm of 4.0 m is generated in the noise abatement wall's active earth pres-
sure zone in order to simulate the free-standing wall.
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6.2.3

The wind load entered in the dialog box is taken into consideration by the system as a surcharge
load. (see "Editor 2 / Lateral pressures" menu item, section 8.3.4) To prevent a favourably act-
ing active earth pressure being generated at the rear face of the wall, the program automatically
sets the active wall friction angle to zero.

After confirming your input by pressing "OK" you then move to the body geometry editor box
and exit this box by pressing "Done". The entered system is now displayed on your screen. Sys-
tem visualisation can be optimised by pressing the [F9] function key.

Step 2: Define material of gabion (Ex. 2)

Select the "Editor 1/Material" menu item and adapt the unit weight of the gabion elements.

gamma [Gabion)
gamma [Gabion] [kN/re} | 16.00

‘2rid gamma’ (G abion)
[T Use 2nd gamma’
"2nd gamma' [kM/ré]: I 23.00
below [m]: | .00
W ater in gabion
¥ ‘Buoyart gamma' if groundwater in wall _?I
¥ Mo water presswre on gabions -
Gabion
¥ Verity intemal stability

from [m] 0.000
ta [rn] 9599.000

frm.d [MN/n?} 0.200 &
sigEk SLS MN/v  [0.150 2]
Young's mod. [kKNE]: | 1.0000F +5

n-value for load distibution
2.000
[zee DIM 1045 Table 17)

[ Walltop kept horizontal LI
7 Mo buckling analysis for displacement to earth side
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6.2.4 Step 3: Analyse system (Ex. 2)

Now select the "Analyse" menu item from the "System" menu.

Calculate wall »

~ Type of toe pivol: Tvpe of ep redistibution
Toe is fully fised Do not redistribute
- Special preferences " Redistribute after EAB
[~ Redistibute ep to toe base " Rectangular
[~ 2nd order theory " Birectangular M‘
" Triangular Preferences I
" Trapezaidal Preferences I
" Quadrilateral Preferences I
" User-defined Preferences

[ Active eath pressure takes wall inclination into consideration
v Show warnings during analysis

[ ok | cancel |

After clicking the "OK" button the analysis begins. The program first performs an intensive plau-
sibility check of the data input and returns the appropriate information. Once analysis is complete
the results are shown in a message box.

Results X

Analysis in the serviceability bmit state

Compressive strength sig. Ek SLS = 0,150 MN/rf = 150.0 kN /e

Vesificalion of: g+q
Depth MEk MEk  QFk b e sgEk  plsig)
[m]  [kM-m/m]  [kN/m]  [kNAw]  [m] [m] [kNAref]  [-]
4003 8048 63769 4047 1000 0726 1120857 0747

Yerification of: g
Depth  MEK M.Ek 0.Ek b e s Ek  plsig)
[m]  [kN-mim] [kN/m]  [kN/m] [m]  [m]  [kN/wf] [
4003 0076 63763 0057 1.000 0001 64225 0428

After closing the message box the system is displayed on the screen, together with the results.
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7 Theoretical principles

7.1 Body

The body is defined in horizontal sections of three values each:

o depth of cross-section below top of the wall;

e corresponding left and right wall boundary.

This point is fixed and
always has the coordinates (0/0).

+Depth

Figure 3 Gabion body

In order to define this body, you must enter the depths and the two corresponding x-values in six
horizontal steps (also see section 8.2.4). All earth pressures (including from area loads) are calcu-
lated on the vertical line at x = 0.
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7.2

Soil properties

Up to 50 soil layers can be taken into consideration. For each layer the following parameters must
be given:

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

e Unit weight [kKN/m?] of moist soil y ;

e Unit weight [kN/m?] of buoyant soil y ' ;

o Friction angle [°];

e Cohesion (active and passive) [kN/m?];

e Active angle of wall friction as ratio 5,/ ;

e Passive angle of wall friction 5,/¢ ;

e Constrained modulus Eg [kN/m?] (for settlement analysis).
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.

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/Seils" editor box
(see section 8.2.8).

7.3 Active earth pressure
Active earth pressure is analysed to DIN 4085. DIN 4085 provides two relationships for the
coefficients of earth pressure k,;, (friction) and k¢, (cohesion). Alternatively, there is the option of
determining the cohesion coefficient from k., = ko, a method often found in older literature.

7.4  At-rest earth pressure
The at-rest earth pressure coefficient is calculated compliant with DIN 4085:2011.

7.5 Increased active earth pressure

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

ken= (1.0 - f) kp + f ko

0.0<f<1.0
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7.6 Passive earth pressure

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

e DIN 4085:2017;
e DIN 4085:1987;
e Streck,

e Caquot/Kerisel,

e DIN 4085:1987/Caquot/Kerisel.

7.7 Berms

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

Piling Handbook (Krupp Hoesch Stahl).

%2 Surcharge
x1
dh
i3
a
P
x—_
¥

Additional load from herm and
surcharge

Figure 4 Berm on the active side

The following relationships apply for the parameters x and y:

X = Kano / (Kanp - Kano) - @
y = kahO / (kahﬁ = kahO) ‘X
Ae,n, =7 - dh + surcharge

Y = 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 exactly the same manner.
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7.8 Arealoads

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

LI I B B B B |
rea load
.5 7 Possible types of earth  eaho =
L ’, ’ pressure distribution 3*eahu
PR — 7 ]
P ’ [ | |
’ / l I
’ / ]
) / ]
’ . / )
/ —
’ f
4 —
Type 1 2 3

Figure 5 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.

8,,= ¢ +arctan

cos(p— )

sin(p—a)+ \/

sin(p + 6, ) cos(a — )

sin(p — B)-cos(a +3,)

When there are a number of soil layers, GGU-GABION moves from layer to layer applying the
appropriate angles of friction. The type of the resulting earth pressure distribution can be specified

in 4 different 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 4085:2011 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 6).

o For over consolidated, cohesive soils the concentration factor '3' applies, where:
€op = q/1 (B2 - P1 + cosP, sinf; - cosP, sinf,)

e For non-cohesive soils, or for cohesive but not over consolidated soils, the concentration
factor '4' applies, where:

€op = G/4 (sin*p; - sin’P;)

Area load

Figure 6 At-rest earth pressure from area loads

With regard to the kind of earth pressure, area loads can be defined independent of the global
preferences (see menu item "Editor 1/Type of earth pressure", section 8.2.9).

7.9 Lineloads

Line loads perpendicular to the wall axis (for example, from loads exerting a vertical force on the
wall) are treated as shown in Fig. 4.20 on page 64 of the Piling Handbook 1977 (Spundwand-
Handbuch 1977). Data is entered in the form of a number of discrete area loads (see section 8.3.1).
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7.10 Bounded surcharges (active side)

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

aliiiniiim
7

Figure 7 Bounded surcharge (active side)

The earth pressure coefficient k is acquired from k,;, for active earth pressure and from k 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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7.11 Double-bounded surcharges (active side)

If two bounded surcharges are defined as follows:

1.00
]

P[]

2.00 P|

Figure 8 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 7.10).

A double-bounded surcharge, which acts as a consequence 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 really satisfactory
and may be irritating for an examiner. Double-bounded surcharges were therefore introduced.

Figure 9 Double-bounded surcharge

The same result is achieved as for the definition provided by Figure 8 but with improved graphics.

The area loads described in section 7.8 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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7.12 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

Ty

[

~.

E

Figure 10 Bounded surcharge (passive side)

7.13 Double-bounded surcharges (passive side)

Double-bounded surcharges on the passive side can be modelled using two bounded surcharges
(also see section 7.11). Double-bounded surcharges on the passive side were only implemented
due to the better graphical representation.
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7.14 Structural system

The structural analysis required to determine the state variables (displacement, moment, shear
force and normal force) is by means of a rod construction module, which treats the wall and any
geogrids as a single structural system. The wall is taken into consideration as a rod construction,
running along the centroid of the wall.

Structural

System

Centroid Elastic line

Figure 11 Structural system of a wall without geogrid

The stiffness EI of the wall is acquired from E-d*/12, where d is the horizontal thickness of the
wall in the section under consideration. The stiffness of each element is assumed as constant,
where the thickness is the thickness at the centre of the section.

If geogrids exist in the system, the point of acting is automatically placed in the centroid axis. The
force components acting on the front and rear of the wall, such as soil weight, water pressure,
loads, etc. produce a moment around the centroid axis, which GGU-GABION takes into consid-
eration as a continuously distributed moment load on the rod axis.

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. The division of the wall and the struts into rod
sections (finite elements) can be controlled by input (see "System/Depth subdivisions" menu item
in section 8.5.3).

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

Amongst the results of the rod construction analysis are the shear forces Q and the normal forces
N with regard to the rod axis. In a post-processing calculation these forces are converted to the
horizontal force H and the vertical force V.
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7.15 Base inclination

Base inclination is generally carried out to increase the sliding safety to the required level.

Base inclination

Figure 12 Base inclination

The idealisation of the body without base inclination to an equivalent structural system (elastic
curve) presents no problems, because the stiffness of the individual partial calculations can be
calculated from the horizontal thickness. However, the wedge shaped extension that normally
occurs with base inclination is contradictory to the demands which arise when the wall is analysed
as an elastic curve.

In order to disqualify contradictory results from the outset, the base inclination is not taken into
consideration when determining the action effects. Only when verifying the safety against sliding
are the active and passive earth pressures at the left and right of the wedge cumulated and this
component allocated to the horizontal force when verifying the safety against sliding. When veri-
fying the bearing capacity safety (see section 7.22.1), base inclination is taken into consideration.
The additional horizontal force component is not incorporated in the analysis, leading to a more
conservative result.

7.16 Bedding conditions of wall toe

For systems without geogrids the wall toe is fully fixed. In systems using geogrids, the wall toe
can either be defined as fixed, freely pivoted or with an embedded base.
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7.17 Action and displacement boundary conditions

GGU-GABION automatically sets the boundary conditions described in section 7.14 (Structural
system). 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:

e displacement along x-axis;

e displacement along y-axis;

e  rotation;

e  horizontal force;

e vertical force;

L4 moment.

7.18 Earth pressure redistribution

According to EBGEO, there is no requirement for redistribution of earth pressure. It is neverthe-
less possible to select from a large variety of redistribution figures. In addition, by defining a poly-
gon, 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 triangle, maximum at base;

e trapezoid;

e rectangle with maximum at anchor locations or at any point;

e user-defined redistribution figure by means of a polygon;

e EAB redistribution figures.

GGU-GABION gives you the option of including or excluding area loads in the redistribution.
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7.19 Verification concept

7.19.1 Verifications

When you begin an analysis, the program requires the stiffnesses of the wall. The stiffness EI of
the wall is acquired from E-d*/12, where d is the thickness of the wall in the section under consid-
eration. The stiffness of each element is assumed as constant, where the thickness is the thickness
at the centre of the section.

Once the structural analysis is complete the program performs the necessary verifications. If any
verifications are not possible you will see an appropriate warning. The following verifications can
be differentiated:

e verification of internal stability;

e verification of external stability;

e verification of serviceability limit state.
These are further differentiated:

¢ systems without reinforcement (geogrid) and

¢ systems with reinforcement (geogrid).
If, for whatever reason, you would sooner do without any of the verifications listed here, go to the
"Editor 1/Verifications/Safety factors" menu item or the "Editor 1/Verifications/Partial fac-

tors" menu item and select the required verifications. The settlement analysis can be activated or
deactivated by going to "Editor 2/Settlements".

7.19.2 Systems without geogrids

External stability

The following verifications must be performed:

¢ Sliding safety in the base plane (EC 7/DIN 1054):
The verification is performed using the soil properties at the base plane
(see section 7.20.1).

e Bearing capacity safety (DIN 4017):
The verification is performed using the soil properties below the base plane
(see section 7.22.1).

e General stability (DIN 4084):
This verification can be performed using the GGU-STABILITY program after exporting
the data (see "File/Export" menu item, section 8.1.6).

Internal stability

The internal stability analysis must verify that no material incompatibilities or overloading arises
within the gabion wall. The following verifications must be performed:

o Sliding safety in tier joint planes (EC 7/DIN 1054, see section 7.20.2);
e Verification of gabions (EC 2/DIN 1045, see section 7.25.2, or DIN 4093, section 7.25.3).
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Serviceability

The verifications of serviceability consist of:

e Verification of allowable eccentricity of the resultant in the base plane;

e Settlement considerations based on DIN 4019 (see section 7.23).

7.19.3 Systems with geogrids

Systems with geogrids are considered as reinforced soil systems with a retaining gabion wall.

Figure 13 Wall with geogrid

Verification of the overall reinforced soil systems is based on section 6.7 of the Recommendations
for Reinforcements using Geosynthetics (Empfehlungen fiir Bewehrungen aus Geokunststoffen
- EBGEO). This requires the following verifications for the reinforced soil system:

Verification of the bearing capacity of reinforced soil systems

o Sliding safety verification (see also section 7.21.2);

e Bearing capacity safety verification (see also section 7.22.1);

e General stability verification (see also section 8.1.6);

e Verification of the bonding of the reinforcement with the gabion wall;

e Verification of internal stability of the reinforced soil system (see section 7.21.1).

Verification of the serviceability of reinforced soil systems

e Verification of allowable eccentricity of the resultant in the base plane of the reinforced
soil system;

e Reinforced soil system settlement considerations based on DIN 4019 (see section 7.23).
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Because the gabion wall can be of considerable thickness, in contrast to those systems dealt with
in the EBGEO, and because they may also possess a strip footing, bearing capacity and service-
ability verifications are also required:

External stability (bearing capacity) of the gabion wall
¢ Sliding safety in the base plane (EC 7/DIN 1054, see section 7.20.1);

e Bearing capacity safety (DIN 4017, see section 7.22.1).
Internal stability (bearing capacity) of the gabion wall
e Sliding safety in tier joint planes (EC 7/DIN 1054, see section 7.20.2);
e Verification of gabions (if necessary to EC 2/DIN 1045-1, see section 7.25.2);
e Verification of the bonding of the reinforcement with the gabion wall.
Verification of the serviceability of the gabion wall
e Verification of allowable eccentricity of the resultant in the base plane;

o Settlement considerations based on DIN 4019 (see section 7.23).

7.20 Sliding safety to EC 7

7.20.1 Sliding safety in the base plane
The sliding safety is calculated using:
n=Vi-tane/Hy

V\ = characteristic vertical force
Hy = design value of horizontal force

The friction angle ¢ is obtained from the mean of the soils in the base plane of the wall.

7.20.2 Sliding safety in the tier joint planes

Enter a friction coefficient for verification of the sliding safety in the tier joint planes in the dialog
box that opens in the "Editor 1/Body (general)" menu item :

Friction coefficient [-]: 07
[between the tier elementsz]

The program calculates the sliding safety using:
Friction coefficient - V| / Hq

for all horizontal sections.
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7.21 Verifications reinforced soil system

7.21.1 Internal stability

Verification of the internal stability of the reinforced soil system is regulated in EBGEO. Verifica-
tion uses the methods described in DIN 4084. The program assumes a failure system consisting of
two slip planes (two-part wedge failure mechanism).

Figure 14 Two-part wedge failure mechanism

If one or more layers of reinforcement are intersected by this failure mechanism, the maximum
force in a reinforcement layer must be determined according to EBGEO, this involves examina-
tion of whether:

e the design resistance Rp 4 of the reinforcement layer is exceeded or;

o the pull-out to the "left" or "right" of the slip surface is governing (Ra 4).
The design resistance Rg 4 of a geogrid according to EBGEOQO (section 6.1.3) is determined using:

Rpa=Rpxo/ (A1 Ay~ Az Ay As) /ym

Rpko = characteristic value of the short-term strength

™ = partial safety factor for the material resistance of the geogrid
(in Load Case 1 to DIN 1054 = 1,40)

Ay = creep strain or creep rupture reduction factor

A,  =transport, installation and compaction reduction factor

A; = connections reduction factor

Ay = environmental influence reduction factor

As = dynamic actions reduction factor
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The following comparisons need to be considered when calculating the maximum design value of
the pull-out resistance R, 4 R q:

e The maximum pull-out resistance within the slip body ("left") R,; 4is acquired from the
force Ry 4 with which the geogrid is attached to the gabion wall and the bonding stress T4 4
that can be activated within the slip body.

According to EBGEO a value of
Rya=0,8 - Rpg
can be adopted for Ry 4.

L, Slip surface
-

J,'/ Reinforcement layer

Raa=Rua+2 Li-talg

e The maximum pull-out resistance Ra, 4 Outside of the slip body ("right") is acquired from
the bonding stress ta, 4 behind the slip body.

Slip surface

4
J
4
Reinforcement layer /
TTTTTTTTTTy
o - -
J L,
J
/

Ra2a=2"L; " targ
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e Inaccordance with EBGEO the bonding stress T, 4 is acquired from:

Taa=fax " Ovk/yB=Ak tan @y - Gvi/ V8

fax = characteristic friction coefficient between geosynthetic and fill
Ax = characteristic ratio of friction angle between geosynthetic and fill
¢x = characteristic angle of internal friction of fill

ovx = characteristic normal stress due to reinforcement layer surcharge

vs = partial safety factor for the pull-out resistance of the reinforcement
(in Load Case 1 to DIN 1054 = 1,4)

The minimum values of Ra14, Razq and Rp 4 are governing for stability analyses to DIN 4084.

The analysis of the structural system as a frame system results in support forces in a system using
geogrids (tension forces in the geogrids). It is therefore also necessary to subsequently verify that
the maximum acceptable force in the geogrids is greater than the calculated support force.

7.21.2 External stability

To verify the external stability of the reinforced soil system the weights and horizontal earth pres-
sures, amongst other things, acting on the soil body must be calculated. This is done on equivalent
systems. The data in Figure 15 can be used for the weight calculation.

\\\\\\\\\ .

for x
fory

Figure 15 Equivalent system for weight calculation

The weight of the hatched area is determined. The lower right point of the system is given by the
x-value of the lowest end of the geogrid and the y-value of the base of the gabion wall. The rear
face corresponds to a line connecting this point to the end of the upper geogrid (irrespective of the
length of any intervening geogrids). The inclination of the rear face of the wall can not become
steeper than the inclination of the active earth pressure wedge (see further below).

The horizontal loading is given by the active earth pressure. The vertical section for which the
earth pressure is determined is represented in Figure 16.
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H = imaginary height

Earth preszure

Hi3

Figure 16 Vertical section for earth pressure determination

Calculation of earth pressure is by means of a variation of the rearward earth pressure wedge. In
order to take into consideration any inclination of the rear face of the wall a reduction is carried
out via the earth pressure coefficients kah for both a vertical rear face (o = 0) and an inclined rear
face (a # 0), after determining the earth pressure:

Reduction factor (earth pressure) = kah(a)/kah(o = 0)
Sliding safety ng is calculated from:
N = Gy * tan @/Hy

Gy, = characteristic weight
Hgy = design value of horizontal force

The friction angle ¢ is obtained from the mean of the soils in the base of the reinforced soil sys-
tem.

7.21.3 Overturning safety

Using the information provided in section 7.21.2 "Verifications of reinforced soil sys-
tem/External stability" the moment and the vertical force in the base plane are calculated and the
eccentricity e determined from the result. The moment resulting from the horizontal earth pressure
is determined according to Figure 16 (Vertical section for earth pressure determination) in the
section above. For example, the eccentricity in Load case 1 may not be greater than b/6.
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7.21.4 Distribution of earth pressure on the gabion wall

Knowledge of the earth pressure distribution on the gabion wall is of critical importance for the
verifications listed above. The factor f; may be reduced on the basis of the EBGEO.

-] -nlif———

& LTI

Figure 17 Slip surface and earth pressure distribution

The load q acting on the gabion wall q is calculated from:
q = fq . k . y O 4

f;=0.8 for B/H> 0.7 and f; = 1.0 for B/H< 0.5
(linear interpolation between)
k = earth pressure coefficient according to Figure 17
v = unit weight of fill
z = ordinate

The reduction factor f; can be entered using the menu item "Editor 1/Active earth pressure". In a
system using geogrids the program checks that the ratio H/B and, where necessary, informs either
that a reduction in earth pressure is possible or that the earth pressure reduction used is too large.

Geogrid calculation note X

Imagmary wall width/fimaginary wall height = 0.73

The active earth pressure could be reduced by a factor of 0.8,
Wworking reduction = 1.000

|_OK Cancel |
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If you close this dialog box using "OK", the program proceeds to calculate with the values pro-
vided. However, if you use the "Cancel" button, a query will appear asking if the allowable value
determined in accordance with the above stipulations should be used. If you confirm this with
"Yes" the program accepts this value for the reduction without you having to go to the menu item
"Editor 1/Active earth pressure".

Active earth pressure X

- Active earth pressure after;

@ DIN 4085 " Userdsfined 2]

Equivalent earth pressure coefficient
¥  Use equivalent ep coefficient

Equivalent kah [] I 0.200

¥ Equivalent ep coefficient via phi = ar w-

[T Use ondy if cohesion <> 0.0
v Additional ordinates at 05 miintervals

[T Suppress negative active earth pressures

— Surcharge factor for active eatth o

Surcharge factor [-]

The active earth pressure and surcharge factor will be
midltiphed,

Lo | Concel |
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7.22 Bearing capacity safety

7.221 Analysis principles

The bearing capacity analysis will be carried out according to DIN 4017:2006. The following
relationship applies:

Cork=C Nty -d-Ng+7v2-b'- N,

Additionally, the depth coefficients T, and T4 not documented in DIN 4107 may be taken into
consideration.

e Gyrx = characteristic bearing stress

e ¢ = cohesion [KN/m?]

e N, = bearing capacity coefficientequation cohesion

e v, =unit weight of soil above footing base

e d=embedment depth of footing

e N, = bearing capacity coefficient footing depth

e v, =unit weight of soil below footing base

e b' = calculated depth of footing

e N, = bearing capacity coefficient footing width

Bearing capacity coefficients N, Ny and N,
i Nc:NcO'Vc'ic'kc'éc'Tc
® Nyg=Ngo-vg-ig g & Ty
® N,=Nyo- vy ip- Ay &

The following values are adopted:

o N Ng Ny according to DIN 4017

® v, v4 vy according to DIN 4017 (shape coefficients)

When entering the system data input of a length is principally of importance for the calcu-
lation of settlement. The program consistently uses the values for a and b, including for
calculation of the shape coefficients v4 and vy, for strip footings, as this delivers somewhat
more favourable values.

vg=1+00.2 - b/a (instead of 1.0 for strip footings)

Vp =1 +b/a - sin(p) (instead of 1.0 for strip footings)

e i ig i, according to DIN 4017 (load inclination coefficients)
e L. Ag Ay according to DIN 4017 (ground inclination coefficient)
o & &y & according to DIN 4017 (base inclination coefficients)

o T, Ty4=depth coefficients according to the Danish standard (not permitted to DIN 4017)
T.=T¢4=1+035-GS/b<2.0
GS = footing base
b = footing width
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7.22.2 Determining the mean governing soil properties

DIN 4017 instructs that the mean soil properties of the soil above the bearing capacity failure
plane, which is composed of the two linear components of a logarithmic spiral, can be determined
for stratified ground. The governing parameters are summarised in the figure:

Figure 18 Logarithmic spiral

The mean governing soil properties are determined using the following relationships:

caltanp=Xtan ;' I;/ X
cale=X¢; I/ 2]
C31Y2=Z'Yzi . Ai’/EAi

l;= length within individual layer
A;= area of individual layer

The condition for the permissibility of the mean is that the mean friction angle demonstrates a
maximum deviation of 5° to the true friction angles. This condition can be checked by the pro-
gram. If it is not adhered to, the program reduces the largest friction angle in stages until the con-
dition is met.
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7.23 Settlements

Analysis of settlement is compliant with DIN 4019 using the relationships given in the Geotechni-
cal Engineering Handbook (1990; Fourth Edition) (equations 8 and 14 from section 1.7 Stress
analyses). The program determines the stresses at 0.05 m intervals or at layer boundaries and nu-
merically integrates them.

The limiting depth can be defined in three different ways:

e with a fixed, user-defined value;
e as a multiple of the footing width;
e as the depth at which the total vertical stress exceeds the overburden stress by x% (gener-

ally 20%).

If the base of the lowest layer is exceeded during the settlement analysis, the analysis continues
using the constrained modulus of this final layer.

For settlement analyses, any preconsolidation loading in kN/m? can be subtracted from the current
soil pressure. Settlement analysis will then be performed with the reduced values. The overburden
pressure is also reduced by this amount when calculating the limiting depth.

7.24 General stability

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

7.25.1 Analysis to DIN 1045 (old)
The following data are required for internal stability analysis:

e Dbeta(r)
designates the nominal strength of the material (see also DIN 1045).

e n-value
DIN 1045 states that a load distribution may be taken into consideration up to an inclina-
tion of 1:2 to the direction of the load. Depending on the soil pressure, other n-values can
also be used (see DIN 1045; Table 17 for information on this). Together with the load
transmission width, this allows calculation of the width to be adopted for the complete
height when verifying internal stability.

Governing
widths

Figure 19 n-value and width for internal stability analysis

Internal stability analysis is performed using the following relationship to DIN 1045:
allow.N=x-1/2.1"-b - beta(r) - (1.0 -2 - ¢) [KN/m]
b = governing width of concrete

e = eccentricity with regard to governing width
k = reduction for slenderness of structural element

K is a coefficient for considering the slenderness and unintentional eccentricity to DIN 1045
(Equation 20). k is calculated from:

k=1-A/140 - (1 - m/3)
m = e/k (e = M/V and k = b/6)

A = slenderness (for rectangular sections = s/b - V12)
sk = buckling length
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The buckling length s in systems without geogrids is given approximately by twice the separation
between the top of the wall and half of the embedment depth. For walls that are horizontally re-
strained near the top by other engineering elements, the single separation may be adopted. The
horizontal restraint can be specified using the "Wall top kept horizontal" check box. In systems
which include geogrids, sy is acquired from twice (once) the separation between the top of the
walland the upper geogrid layer, or the separation between the individual geogrid layers. The
slenderness A is recalculated for every section using the respective governing gabion width. The
program deals with the appropriate selections with the exception of the "Wall top kept horizon-
tal" setting.

The allowable N calculated in this manner is compared to the existing normal force working N.
The utilisation factor g is then acquired from the relationship:

g = working N/allowable N.

Internal stability analysis can also be performed using a partial section.

7.25.2  Analysis to EC 2/DIN 1045-1

The internal stability of the gabion structure can be analysed for unreinforced concrete in all gov-
erning horizontal sections using the following relationship based on EC 2/DIN 1045-1:

Nra=b - fna- @

¢0=1,14 - (1 -2 -e,/b) - 0.02 /b
O0<e=<1-2:equ/b)

Nr.¢= design value of the acceptable longitudinal force
b = width of body in respective section
fina = equivalent design value of concrete compressive strength
e = eccentricity in respective section
eyt = total eccentricity = e, + e, + ¢,
ey = load eccentricity according to first order theory
e, = additional unintentional eccentricity as a result of geometric imperfections
(If more precise data is not available, e, may be assumed at = 0.5 15/200.)
e, = eccentricity resulting from creep (can be disregarded for gabions)
sk = buckling length

The buckling length sy is given approximately by twice the distance between the top of the wall
and half of the embedment depth.

The equivalent design value of the concrete compressive strength fi, 4 is determined from load tests
performed on a gabion basket.

The design value of the acceptable longitudinal compressive force Ng 4 and the design value of the
acting longitudinal compressive force Ng 4 are determined in every governing section. The follow-
ing condition must be adhered to:

Ng,a = Ngga
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7.25.3 Analysis to DIN 4093

7.25.3.1 Ultimate limit state

The analysis of sufficient gabion strength is performed compliant with DIN 4093:2012-08 (Design
of strengthened soil). The design value of the compressive strength of the gabion f;, 4 required for
this purpose is derived from load tests.

DIN 4093:2012-08 stipulates that, in approximation, separate analyses may be performed during
design for the acceptable compressive and shear stresses. Under design loads it must be demon-
strated that the design values of the normal stresses o 4 do not exceed 0.7 - £, 4 and the design
values of the shear stresses 1 4 do not exceed 0.2 - f, 4.

The normal stresses og 4 are determined assuming a linear distribution.
Oga = Mga/W + Ng /A <0.7 - f,,4 (no foundation gap)
Mg 4 = design value of the moment
W = section modulus

N 4 = design value of normal force
A = cross-sectional area

0ga=4 Ngd3-b-6-¢)<0.7 1,4 (foundation gap)
Ng 4 = design value of normal force

b = width of cross-section
e = eccentricity

If analysis results in a foundation gap, the area of the gap may not be adopted in an analysis of the
shear stresses.

The design value of the shear stress 15 4 is given by:
TE,d = 1.5 . QE,d/Av S 0.2 . fm,d

Qg4 = design value of the shear force
A, = cross-sectional area under shear loading

The characteristic value of the compressive strength of the gabion f, is determined from load
tests. The corresponding design value of the compressive strength £, 4is given by:

fm,d =ao- fm,k/'\{m

a = coefficient for considering a long-term effect = 0.85
Ym = partial safety factor for the compressive strength
(= 1.5 for DS-P and DS-T
=1.3 for DS-A)
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7.25.3.2 Serviceability limit state

In load tests on gabions, the failure stress is often only reached with large deformations. The stress
orksLs (SLS = serviceability limit state) at which the deformation of the gabion reaches the value
allowable for the serviceability analysis is determined from the stress-deformation curve. The
following analysis must then be performed:

ogx = Mg/W + N /A < ok sis (no foundation gap)

Mg = characteristic value of the moment
W = section modulus
Nk = characteristic value of normal force
A = cross-sectional area

ogk =4 Ngi/(3 - b—6 - e) < ogysLs (foundation gap)
N = characteristic value of the normal force

b = width of cross-section
e = eccentricity

This serviceability analysis can also be selected for analysis compliant with EC 2, which
we recommend (see "Editor 1/Analysis options"/"File/New" dialog boxes, section 8.1.1).

7.25.3.3 Slenderness

DIN 4093:2012-08 stipulates that when analysing the ultimate limit state the slenderness A < 15,
if no buckling safety analysis is performed. This can not always be demonstrated. However, the
normal force loading on gabion walls is generally insignificant, and the analysis concepts in

EN 1993-1-1:2010-12 are helpful. EN 1993-1-1:2010-12 states that buckling safety analysis may
be dispensed with if the following condition is adhered to:

Ngd/Ner < 0.04

Ngq = design value of the normal force
N = ideal bifurcation load for the governing buckling case

N =E-1- 7?52
E = Young’s modulus of the gabion

I = moment of inertia
sk = buckling length

According to expert opinion, the criterion to EN 1993-1-1:2010-12, Para. 6.3.1.2 (4), where
Ngo/Ne; < 0.04, is a ridiculously strict criterion and will be dispensed with in future standards. In
future the tried and tested rule in Para. 5.2.1 applies, Eq. (5.1): Ngy¢/N,; < 0.1.

The investigation may therefore be performed using

Ngd/Ner < 0.10.
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8 Description of menu items

8.1 File menu

8.1.1 "New" menu item

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

System Preferences

Project identification:

|

~ Standard:

% Partial safety factors [EC 7)

" Partial safety factors (DIN 1054: 2005)

" Global safety factors (DIN 1054 old)
Analysis of intemal safety

" Based on DIN 4093:2012-08

# BasedonEC2

¥ EC 2 with servicesability
General

[T Show gabion wall on right

[T Do not investigate overturning

[T Diferentiate active + passive soil propertiss
[with reference to: phi, gamma + gamma’]

Geognds
¥ Geogrids via company products
¥ Store company products in record

[ 0K | Cancel

Info EC 7

[T Use absolute heights Desig. |rNHN

bl

b4

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 8.7.8).

In the next group box the radio buttons are used to specify which safety concept to use for analysis

and design.

By default, analysis of internal stability is based on EC 2 as an analysis of the unreinforced con-
crete (see section 7.25.2). We recommend analysing the serviceability limit state, including when

using EC 2 (see section 7.25.3.2). Alternatively, you can analyse internal stability based on
DIN 4093:2012-08 (see section 7.25.3). This then includes the serviceability analysis.
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8.1.2

8.1.3

Additionally, gabion wall visualisation to the right can be activated. DIN 1054:2005 states that an
overturning analysis may be dispensed with for Load Case 3 if sufficient bearing capacity has
been demonstrated. This rule is no longer included in Eurocode 7; it is therefore always necessary
to perform an overturning analysis. In justified exceptional cases, however, the analysis may be
turned off using the "Do not investigate overturning" check box.

If you select the "Use absolute heights" check box, you can enter all depths and heights in m AD
(heights are positive upwards). If you leave this box unselected, the top of the wall is assumed at
0.0 (height/depth) and all input of layer depths etc. is 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 immediately 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/Seils" menu item (section 8.2.8). 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 8.7.7).

If the "Geogrids via company products" check box is activated, it is possible to select the prod-
ucts of various geogrids manufacturers from a list stored in the program when entering geogrids
(see menu item "Reinforced soil system/Enter geogrids manually" or "Reinforced soil sys-
tem/Generate geogrids"). We also recommend activating the "Store company products in re-
cord" check box. Otherwise, if the file is opened on a computer that does not have the ".ggu-geo"
files installed, the originally selected products are deleted. The product lists of the various
geogrids manufacturers can be selected in the menu item "Editor 1/Geogrids table values" (see
section 8.4.10).

If the dialog box is changed from Global safety factor concept to Partial safety factor concept, an
additional dialog box for specifying the partial factors opens after your input has been confirmed.
By pressing the 'Default values' button the partial factors for the various load cases given in

DIN 1054:2005 and EC 7 can be adopted. The partial factors entered can be edited at any time
using the 'Editor 1/Verifications/Partial factors' menu item (see section 8.2.15).

"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.

"Save" menu item

You can save data entered or edited during program use to a file, in order 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 exactly the same presentation as was present at the time of saving.

GGU-GABION User Manual Page 55 of 123 June 2020



8.1.4 "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 ".gab" 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, ".gab" will be used automatically.

8.1.5 "Print output table"” menu item

8.15.1 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 informa-
tion 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-GABION application. To do this, select "Output as graphics" from the following

options.
Select output p 4

Select output

| Output a3 graphics |
Output as ASCIL |

Cancel |

If you prefer to easily print or process the data in a different application, you have the possibility
of sending them directly to the printer or to save them to a file using the "Output as ASCII" com-
mand button.
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8.1.5.2 "Qutput as graphics" button

If you selected the "Output as graphics" button in the previous dialog box a further dialog box,
in which you can define further preferences for result presentation.

Graphical table preferences x

Page sizes
Page height [mm] 123?.0

Page width [mm] !210.0
[ Incorporate graphics
Fage margins [mm]

Left. Iw
Top: IW
¥ Page marging

Output table rmargirs

Left margin [mm]
Right margn [mm]

. Fant
Font size [rm)

: Header
[V With headess

boe
v ‘With footers

¥ Borders

Right:
Bottom:

Uppes margin [mm] ﬁﬁ_
Lower margin [rmm) 120

it

50
50
25
Line spacing [T
__Ea |
__Ea |

oit

Cancel |

800
8.00

You can define the desired layout for the output tables in various areas of the dialog box. By acti-
vating 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 appropriate 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.
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~ Height + Font size

Height Footers [rmm] 200

Fonk ¢i28 [im] [25 P SO e
- Tests

" Leftjustiied & Centered " Right justified

1 [Annex 4.1 Output table

2 [Pagett/s — A””exp‘;ge%u;r;tg table
3|

4 |

N

& |

7|

SLI Load
Infa

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

Dffset
Offset for page number IU_

Offset for number of pages Iu_

Cancel

Automatic pagination can also be employed here if you work with the placeholders as described.

After closing the dialog box using "OK" the outEut table is shown page by page on the screen. To
navigate between the pages, use the arrow tools in the toolbar. If you need to jump to a

given page or back to the graphical visualisation, click on the tool. You will then see the
following box:

Select page b4
Current page = 1

Mew page: |‘| vl

[T Tonomal view

ok | Cancel |
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8.1.5.3 "Qutput 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.

COutput preferences

Edit l Load | Save |
Page format I Header/footer | *  Paitrait
Fort size (pts): [8 " Landscape
Frint pages

From page no. 1 Dffzet for page number:
to page no. 95 ]E'_

Output to:
Cancel | Prnter | File

" Window |

In the dialog box you can define output preferences.

e "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-GABION.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.

e "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.".

e "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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8.1.6 "Export" menu item

The general stability can be simply verified by exporting the data from GGU-GABION to GGU-
STABILITY (GGU slope stability application). After clicking this menu item an appropriate file
(".boe") can be generated with the required GGU-STABILITY version status.

8.1.7 "Output preferences"” menu item

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

8.1.8 "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 standard 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
dialog box by pressing the "Output prefs./change printer" button.

Page sizez
Output device: \WCIVIL-DCO1\Kyocera-MESZEcdn-Biino-Otto
Output device [mm] » = 284 y =197
Image [mm] x = 420.0 ;y = 297.0

Prirter
Output prefs. /change printer | Landscape |

Output preferences

Zoom factor: FEIEEI_ Fit bo page I
Page overlap = [mm]; rl]-'ETEI-IfI_

Page overlapy [mm}:  [0.000

Output of 4 pages [2 wide]

Frint pages I1_ to l‘|_

Mo. of copies

[T 0K

| Cancel j

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). In order to facilitate better re-connection of the images, the possibility of enter-
ing an overlap for each page, in x and y direction, is given. 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 en-
sure true scaling. Furthermore, you may enter the number of copies to be printed.
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If you have activated the tabular representation on the screen, you will see a different dia-
log box for output by means of the "File/Print and export" menu item button "Printer".

Print several pages x

Page sizes
Output device: SWCIVIL-DCO1\Kyocera-ME52E6cdn-Blie-Otto
Output device [mm] == 284 ;p =197
Prnter
Output prefs./change printer I Landscape

Dustpat
¥ Fitin automatically
Zoom factar: 1.000
Mo, of copies:
First page

17
l.l—
1 - I
Last page 4 - |
Cancel

Here, you can select the table pages to be printed. In order 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 "Qutput as graphics".

o "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.

e "GGU-CAD file"
allows output of the graphics to a file, in order 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.

e "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. In order
to import into any other WINDOWS program you must generally use the "Edit/Paste"
function of the respective application.

e "Metafile"
allows output of the graphics to a file in order to be further processed with third party soft-
ware. Output is in the standardised EMF format (Enhanced Metafile format). Use of the
Metafile format guarantees the best possible quality when transferring graphics.

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 9.4).

Using the "Mini-CAD" program module you can also import EMF files generated us-
ing other GGU applications into your graphics (see section 8.7.5).
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e "Mini-CAD"
allows export of the graphics to a file in order to enable importing to different GGU appli-
cations with the Mini-CAD module.

Mini-CAD output

[T Retain Mini-CAD lapers
v Dutput global coordinates

] 4 I Cancel I

)
[

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 in order to enable processing in the GGUMiniCAD
program.

e "Cancel"
Printing is cancelled.
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8.1.9 "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 pnint (3) .4

| Print | Printer i Cancel |
pdd | Delete all | Delete |
File list:
C:\System 1.0
C:ASpstern 2.gab
C:ASystem 3.gab

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.

8.1.10 "Exit" menu item

After a confirmation prompt, you can quit the program.

8.1.11 ", 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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8.2 Editor 1 menu

8.21 "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 8.1.1).

8.2.2 "System” menu item

A dialog box opens for defining the system:

System

Wall top [m-AD] [ oo
Basze in front of wall [mrAD] W
Groundwates (Right) [AD] [ 300
Groundwater [Left) [rrAD] [ 300
Distributed load [kN /] [ 500

Type of disgtnbuted load:
|Component > 10.0 kN/iF changeable |

Passive side
Distributed load [kM/mé] 0.00

Caes

In the upper group box, enter the depth of the base in front of wall 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 fol-
lows after leaving the dialog box above asking for confirmation of whether soil strata and defined
elements such as anchors, for example, should be adapted to the new wall. 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.

Moreover, a distributed load can be defined. Using the global safety factors you will see here the
"Distributed load as live load" check box. This is only of interest for verification of deep-seated
stability. If the distributed load is defined as a live load, this load will only be adopted for verifica-
tion of deep-seated stability if it acts excitingly.
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If you are working with the partial safety factors, decide whether the distributed load is "Perma-
nent", "Changeable" or the "Component above 10.0 kN/m? changeable" (see the dialog box
above). "Component above 10.0 kN/m? changeable" means, for example, that for an input of
13.5 kN/m?, 10 kN/m? are adopted as permanent and 3.5 kN/m? as changeable in the analysis.

8.2.3 "Body (general)" menu item

Enter the loads acting on the gabions, the footing length, base inclination and friction coefficient.
A more detailed description can be found in "First steps", section 6.1.4.

8.24 "Body (geometry)"” menu item

Data input for the body geometry is carried out in horizontal sections. In the dialog box, define the
respective depths of the horizontal sections and the two corresponding x-values of the gabion wall.
For example, if you need to enter a gabion wall consisting of 2 elements (height = 0.5 m, width =
0.8 m) with a horizontal displacement of 0.1 m, you must define 4 horizontal sections.

LE1]

0.50

Figure 20 Body geometry

The corresponding data input is:

Fow | Back | Cancel |[ Done | Load |
4 points to edit | Sort | Save |
No.  Depth [m] wlleft) [m] #[right] [ra] Generate

Wall top = 0.000 <0800 0.000

2 | os00 | -0.800 0.000 Interpolate
3 | osm | -0.900 0100 Interpolate

4 | 1om | -0.900 0100

[

In the displacement area you define a small jump of, e.g., 0.001 m.

For most practical cases input can be automatically generated using the "Generate" button (see
"First steps: Worked example 1/Step 4", section 6.1.5). In this way a gabion noise abatement
wall can be very quickly generated, and the program automatically adapts the wind load and soil
properties, among others, corresponding to your input (see "First steps: Worked example 2 /
Step 1", section 6.2.2).
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8.2.5 "Material” menu item

Enter the properties for the gabion material and for verification of the unreinforced concrete.

— gamma [Gabion)
gamma [Gabion] [kNAmf] | 18.00

‘2rnd gamma’ [Gabion]
™ Use 2nd gamma’
"2nd gamma' [kM /' I 23.00

below [m]; | 900
~ Water in gabion
¥ ‘Buoyart gamma' if groundwater in wall _7|

¥ Mo water pressure on gabions

Gabion
¥ Werity intemal stability

from [m) IW
ta [mn] 5999.000

fmd [N/ 0200 7]
sigEk SLS MM/} [0.200 i

Young's mod. [kKN/E]: | 1.0000F +5

n-vahue for load distibution > 000
[see DIM 1045 Table 17} '

[ Wall top kept horizontal 7]
[ Mo buckling analysis for displacement to earth side

Carce |

A more detailed description can be found in "First steps" (section 6.1.6) and in the "Theoretical
principles" (section 7.25).
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8.2.6 "Berms (active side)" menu item

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

hawebeme X
Done | | | Cancel |

1 bems to edit |

N Left Right Delta h Surcharge Live
% m] (] ] [kN/rt] load
1 1000 | 2000 [ 050 | 000 an

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 berms to edit" and enter the number of
berms.

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

8.2.7 "Berms (passive side)" menu item

Berms on the passive side are defined in exactly the same manner as for the active side.
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8.2.8 "Soils" menu item

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

Edit no. of soils | Commaon soils [
Designation Base gam gam’ phi cla) clpl dla)/phi  |dip)/phi  |Es
[m] [kN/w]  J[kNAe] (7] (kN/mf]  [[kN/wf] 1] 8 [MN/n#]
1 |Sand 450 19.0 10,0 325 0o 0.0 0667 0.000 10,0

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 pro-
gram in English ("Edit table"/"Load" buttons). Then save the data set in the "Soils.gng_ggu"

file on the program level in order 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.

Layer depths 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.

According to EC 7, section 6.5.2.2 the passive earth pressure must be calculated with a wall fric-
tion angle = 0 when analysing the bearing capacity. If you have activated the "Differentiate ac-
tive + 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.

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" button. The corresponding soil is now the last soil
in the table and can be deleted by reducing the number of soils.
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8.2.9

"Type of earth pressure" menu item

Type of earth pressure

- General -
% Use active earth pressure
" Use at-rest earth pressure

" Use increased active earth pressure

0.50

— Area loads

*  Use active earth pressure for area loads
T Use atrest earth pressure for area loads
" Use increased active earth pressure for area loads

0.50

Caes

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

X

The options for area loads can be specified separately.
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8.2.10 "Active earth pressure"” menu item

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

Active earth pressure X

Active earth pressure after:
= DIN 4085 " User-defined 2|

Equivalent earth prezsure coefficient

V¥ Use equivalent ep coefficient

Equivalent kah [-] [ 0200

V¥ Equivalent ep coefficient viaphi=  [40° =
¥ Usze only if cohesion <> 0.0

¥ Additional ordinates at 0.5 m intervals

¥ Suppress negative active eaith pressures

Surcharge factor for active earth pressure

Surcharge factar [-] 1.0000

The active sarth prezzuwe and surcharge factor will be
rudtiphed.

DK | Cancel

In the upper group box you specify the type of active earth pressure calculation.

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°. This procedure also takes the defined wall friction angle into consideration.

A number of 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 calculations performed with such an application, GGU-GABION also offers this possibil-
ity.

GGU-GABION User Manual Page 70 of 123 June 2020



8.2.11

"Passive earth pressure” menu item

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

Passive earth pressure X

Passive earth presswe after;

* DIN 4085:2011 [recommended]

" DIMN 40851987 ©  Mohr/Coulomb [root)

" Sheck i~ Cagquot/Kerizel

" User-defined ij

(" DIN 4085:1987/Caquot/Kesisel 2]
Partial factor, ...

Passive ep partial factor [shding) IT

Passive ep factor [beaning cap. /pressure ing) W

Passive saith pressure calibration factor W

[Calibration factor <= 1.0 see DIN 1054 10.6.3 (4])

Special preferences
[ Limit passive earth pressure
Max. passive eaith pressure [kMN/mf} 100.0
[~ Passive ep <= FACTOR - active ep

FACTOR [} [Too0
Carcl |

In the upper group box you specify the type of passive earth pressure calculation. The method of
choice is "DIN 4085:2011". Only if you want to check examples from older literature or examine
certain analysis results does it make sense to select a different method.

When you calculate intermediate construction phases large embedment depths may result, with
large passive earth pressures for comparably small active earth pressures. This allows the location
of the pressure line in the lower section of the wall to be displaced far to the earth side and even to
leave the kernel width. In such situations you can limit the passive earth pressure to a user-defined
value in the "Special preferences" group box and thus suppress the displacement of the pressure
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8.212 "At-rest earth pressure"” menu item

Using the at-rest earth pressure function, the area loads are calculated by increasing by the factor
kO/kah in compliance with DIN 4085:2011 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
dialog box, if the upper check box is activated.

At-rest earth pressure X

Handlng area loads for at-rest earth prezzure
" Area loads using theory of elastic half-space ﬂ
* Area loads by increasing using the factor: k0/kah

- Area loads using theory of elastic half-space
Concentration factor for area loads

‘' for overconsolidated cohesive solls
‘4 for nor-cohesive and non-
overconsobdated cohesive sails

[~ Constant at-rest pressure below lowest anchor

Cancel I

For gabion walls with at least two rows of geogrids, at-rest earth pressure can be kept constant
from the lowest support (= anchor). This is effected by selecting the check box at the bottom of
the dialog box.

8.213 "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-GABION will convert them for sloping ground using equation values for kao and k,ng (see
"Theoretical principles/Berms", section 7.7).

User-defined ep coefficients >

Farw. | Back | Cancel | Done Infa |
Compute values |

No. kagh kach kpgh kpch phi (a/p) [']

1 [ 03333 |[1.1547 | 30000 | 3.4641 325/325

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.
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8.2.14 "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.
Safety factors X

Skding safety

FOS = 1.50 ¥ ey
¥ Verify to DIN 1054

[ Friction angle in base plane ['] = | 30.00
: 2-part wedge failwe mechanism

FOS = 1.40

Bearing capacity
Fos=  [200 M Veily
[T Beating cap. with depth cosff. Info |

¥ Check and comect 5* condition

Decrement [} [ 010 Info

¥ Topof bearing cap. body parallel to slope

Cancel |

Then enter the safety factors for the individual verifications. The program's default values in the
box are those required by the DIN 1054. If you do not want the program to perform the verifica-
tions, the corresponding check box must be deactivated. Pressing the two "Info" buttons, you will
see further information.
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8.2.15 "Verifications/Partial factors" menu item

If you are analysing with the partial safety factor concept , you will see the following dialog box
for defining the partial factors.

Verifications/Partial factor preferences

Actions/Resistance 1 Shding
Design situstion: [DIN 1054 DS-P W Vel gammalsiding  [1.10

P long:
ermanent sctions: [ Fiiction angle inbase plane (1= [3000 7|
Serviceability irmit state verification

[ Shding safety without passive earth pressure il

Parmanent actions [at-rest earth pressure):

EEE

Changeable actions:

Pazzive earth pressure; 1.40 M Serviceabiity limit state verification _7J
Pazzive ep factor [bearng cap /pressure line] 050 ? EGQU analysis
Passive eaith pressure calibration factor 1.00 ﬂ WV Vesly gamma{G dst} 1.10

b dr 150
Patial factors (GEO-3) 2:part wedge failre [l | 0.0 [ e ae ) .30

Friction angle: | 1.25
Cohesion: I 1.25

Changeable actions: | 1.30
Beaing capacity
W Werify V¥ TorewDIN 4017
gammalbearing cap.| 1.40
[T Beating cap. with depth coeff. _7J

W Check and comect 5* condition
Decrement [} 010 ll

W Top of bearing cap. body parallel to slope

Default values
To DIN 1054:2010 [ To OMORM EN 19971

' ok | Cancel |

In the "Default values" group box the partial factors for the various load cases and subsoil condi-
tions 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. The selected design situation is automati-
cally entered at the top of the dialog box and shown later in the General legend. 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

factors ='1,0'". It is also possible to select the partial safety factors compliant with Austrian stan-
dards using the "To ONORM EN 1997-1" button.

The "EQU analysis" group box (limit state of loss of static equilibrium) is only available in EC 7.
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8.2.16 "Seismic acceleration” menu item

Seismic loads are given in multiples of gravitational acceleration. The following options, which
can be selected individually or together, are available for taking seismic loads into consideration:

e The self-weight of the wall or equivalent wall is multiplied by the seismic acceleration fac-
tor and taken into consideration as additional horizontal loads in the analysis.

e Secismic loads are taken into consideration as described in EC 7 or EAU 1990, section 2.14,
by increasing the active earth pressure coefficients and reducing the passive earth pressure

coefficients.
Seismic acceleration X

Consideration of seizmics
¥ Horizontal loading from kh - self-weight [wall)
v Modify earth pressure coefficients [EC 8)
[T Modify earth pressure coefficients [EAL 1330)
 Input
kh = ah/g (haorizontal] [-] m
kv = av/g [vettical) [-} [o000 s

[#h = horizontal seismic acceletation in mds]
[av = vertical seismic acceleration in m/s®)
[a = gravitahional acceleration = 9.81 m/s)

Info
kh =01 == Budding damage
kh = 0,2 ==> Senious building damage

kh = 0.8 ==» Devastating
kh =10 ==> Complete devastation

=
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8.3

Editor 2 menu

8.3.1

Area loads X

"Area and line loads" menu item

Using this menu item you define area loads and line loads.

Dmei Forw, | Back I Cancel |
1atealoads to ecit | Generate fine loads |
plv) plh) w{left) wlright] Depth .
Rl T T m] m P e
1 5000 | o000 [2000 | 3.000 [1000  |Triangle (max top) | r

8.3.2

The "x area loads to edit" button allows you to determine the number of area loads to be consid-
ered. Subsequently you can enter size, ordinates and depth of the area loads. You must also enter
the "Type" (shape) of the resultant horizontal forces on the wall (see also section 7.8).

Using the "Generate line loads" button, line loads acting vertically on the wall may be considered
adopted as area loads (see section 7.9).

"Bounded surcharges™” menu item
Bounded surcharges are defined in the following dialog box. 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:

Bounded surcharges X

Dnne] Farw. | Back | Cancel |
1 bounded swchages bo edit |
Mo. p wlleft) Depth :
KN/ [ [m] iy
1 | 200 |2000 Joooo I

Using "x bounded surcharges 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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8.3.3 "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 X

Done o, | Back | Cancel | Sort I Cortrol parameter
1 double-bounded surchaiges toedit | 050 =]
Generate angular load | Generate line loads |
No.  plv) wleft) wright) Depth T
[kN/r#] [m] [m] fm]
1 [ 100 | 0.000 [1.000 | 0.000 r

The number of surcharges can be edited using the "x double-bounded surcharges 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 7 in section 7.10) may be adopted
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 double-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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8.34 "Lateral pressures" menu item

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

Lateral pressures X

| Done |  Fom |  Back |  Cancel | Load | Save |
1 lateral pressures to edit |

Mo, Top[m] Bottom [r] e [top] [kMN/né) & [botborn) (kN /] as five

1 |1000  |2000 | 10.00 | 20.00 r

The number of lateral pressures can be modified using the "x lateral pressures 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. When analysing with partial safety factors you will also see the "as live"
check box because of the differentiation between permanent and changeable lateral pressures.

If DIN 1054:2005 is adopted the static equilibrium for wind loads must be determined to
DIN 1055. Wind loads are taken into consideration as surcharges. EQU analysis (limit state of loss
of static equilibrium) is always performed if EC 7 is adopted.

8.3.5 "Action boundary conditions” menu item

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

Done |  Fow. | Back |  Cancel |

1 point loads toedit |

Moment positive clockwise
Horizontal force positive to right
Yerlical force positive downwards

Mo,  Depth [m] M [kM:mdm]  H [kM/m] W [k /] as ve
1 | oo | 000 | 0oo | 000 r

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 analysing
with the new partial safety factors you will also see the "Live" check box because of the differen-
tiation between permanent and changeable loads.
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8.3.6 "Displacement boundary conditions" menu item

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

Forw. | Back | Eanu:el! Done |

1 dizplacement BCs to edit I

wx positive to the nght
wy positive upwards
phi posilive clockwise

Ma.  Depth [m] Size [m of radian]

1 | 200 | 0.00000 [Rotation phi ]

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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8.3.7 "Settlements" menu item

Using this menu item, the type of limiting depth calculation can be defined in three different ways.

Settlements X

¥ Calculate settlements
Lirniting depth
" Limiting depth with a fied value of t
t[mb. FEE 5.000
" Limiting depth with % - b'
L | 2.000
(% Limiting depth with p %

P | 200

[V Settlements az a result of permanent loads

Preconsohdation [kMN/nf]: 0.000

Increment [m]: IW
Cancel

5[l

According to DIN 4019, settlement analysis can be terminated at a depth (limiting depth) in which
the stress from soil self-weight and ground surcharges (overburden stress) is greater than 20% of
the stresses caused by the body. The stress analysis for determining the limiting depth is per-
formed for the mean soil pressure in the characteristic point. The lateral stresses on the active side
of the wall are adopted for this limiting depth calculation. If the limiting depth lies below the
depth of the lowest soil layer for this type of calculation, the values of this lowest layer are
adopted for the settlement analysis.

In addition, a "Preconsolidation" can be defined. This preconsolidation in kN/m? is subtracted
from the existing soil pressure. Settlement analysis will then be performed with the reduced val-
ues. The overburden stress is also reduced by this amount when calculating the limiting depth.

You can also specify whether a settlement analysis is to be performed at all. The "Increments" are
only important for the graphical visualisation of the stress diagram.
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8.4 Reinforced soil system menu

8.4.1 "Graphic preferences"” menu item

If you are analysing a gabion wall with geogrids you can define preferences for the visualisation

here.
Reinforced earth system X

Eaith pressure wedge

WV Display vV Label

Pen width [rmm]: W . D Cok |
Fort size [mm] |3.IZI

Dashlength[mm}  [30 | Dashed |
Grawvity body

W Display vV Label

[T Coloured body D [

Show what else?

* Mone ™ Porewater pressure

" Shear shess " Momal stress

" Shear sthess/nomal stress

Scale factar: | 0.10000

[T Label slices

[ Failure body with slices [T Showlog. spiral [earth system)
[T Label geogrid [friction)
Geogrid bording stress visualisation height [m]: 0.20

1—ﬁ? I Cancel |

The earth pressure wedge and gravity body are explained in section 7.21.2. The visualisation of
these elements can be influenced in the two upper group boxes of this dialog box.

In the "Show what else?" group box you define whether the visualisation of the two-part wedge
failure mechanism with the lowest factor of safety should include additional information (e.g. the
shear stress). The values for each slip body slice are shown perpendicular to the slip surface. The
scale is given using the input field for the "Scale factor".

The failure body can be visualised together with slices. Moreover, the logarithmic spiral (bearing
capacity) of the reinforced soil system can be shown. The geogrid bonding stresses are automati-
cally calculated from the surcharges. These can also be visualised. The visualisation height can be
entered in the input box at the bottom.

GGU-GABION User Manual Page 81 of 123 June 2020



8.4.2

"Verifications" menu item

Using this menu item you can specify the entries made in the legend and the output table.

Verification preferences X

Which verfications to be pinted
and uzed in legend?

r Verifications

W Shding safety

WV DOvertuming safety

¥ Bearing capacity safety

v Maximum geogrid forces
! Geognd pull-out resistance —

[+ Reduction via gammalB] [recommended)

Partial factor gammalB) 1.400
Cace

For example, if you do not want to calculate the bearing capacity safety, you can turn off the bear-

ing capacity verification.
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8.4.3 "Enter geogrids manually" menu item

Define the position and material properties of geogrids using this menu item. The defined geogrids
are displayed after closing the dialog box.

When using geogrids it is possible to directly adopt certain products of various geogrid manufac-
turers. When the program starts the "File/New" or "Editor 1/Analysis options" dialog box there-
fore has the "Geogrids via company products" check box activated (see section 8.1.1). A dialog
box will open, where the number of geogrids must be defined using the "0 Geogrids" button.

Geogrids X

[~ Considet live loads Partial factor [geogid) [ 1.40

Far, | Back | Cancel [ Done | Soit i Info |
0 Geogrids |

Mo, Depth Inchnation Length RHAd/
[m] ] [m] RBd[]

Geogrids A1 A2 A4

The required company product can then be selected for each of the geogrids. The coefficients
defined for a geogrid, the length and the inclination can be adopted for the remaining geogrids by
using the "For others" button.

™ Consider live loads Partial factor (geogrid] [} 1.40
Farw, I Back I Cancel I Done | Sort I Info I

2 Geogrids |

Mo, Depth Inclination Length RH.d/

m 1 m RBdl o Al A2 A
1 [1800 [0000 [€000 | 0800 |Fomrac35/20-207 =] [120yeas ~|[090c2mm ~|[pH24 ] _ Forothers |
2 [oso0 [oooo [6oo0 [ 0800 |Fortac 35/20-20T ] [120years ~|[0%0c2vm ~|[pH24 <] _Forothess |

A maximum of 8 geogrids are shown in the list. You can navigate through the list using the
"Forw." and "Back" buttons. Using the "Sort" button, you can sort the geogrids according to
depth. For example, if you wish to delete the top geogrid from the table simply assign a very small
depth (e.g. "-100") and press "Sort". The geogrid has now moved to the lowest position in the
table. Now reduce the number of geogrids by 1.

If geogrids by a different manufacturer are required, go to the menu item "Editor 1/Geogrids
table values". Here, products by different manufacturers can be selected (see section 8.4.10).
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If you do not work with company products, the following dialog box opens:

Geogrids

Calculate bonding stiezs tau fram
" lambda sigma’ % lambda tan{phil sigma’
[ Considet live loads

Fow | Back | Cancel | [ Done | Info |

Madify

Where:

e Rp4 = design resistance of geogrid,

e Ry 4= design resistance of geogrid at junction (generally = 0.8 - Rp 4).

2 geogrids to edit | Automatically Sot |

Mo, Depth Inclinstion  Length lambda RHAd RE.d
[m] Il [rn] Il (kM /rn] [kN/m]

1 | 15001 | 0000 | 60000 | 07000 | 8000 | 10.000
2 | 05001 |0000 | 60000 | 07000 | 8000 | 10.000

The bonding stress tau is automatically calculated by the program. Define the subsequent actions
in the upper group box of the dialog box. Usual practice is to calculate the bonding stress tau from
the effective stress (sigma') and the tangent of the friction angle phi and then to reduce this value
by lambda. The alternative to this is to calculate the bonding stress from a multiplication of the
effective stress and a friction coefficient. In this case lambda no longer represents a reduction

factor, but instead a friction coefficient.

If you would rather define the geogrid yourself, click on the "x geogrids to edit" button and then
enter the required number of geogrids. A maximum of 8 geogrids are shown in the list. You can

navigate through the list using the "Forw." and "Back" buttons.

Using the "Modify" button it is possible to simultaneously assign all geogrids certain values or to
change the values entered. This function is available by going to the "Reinforced soil sys-

tem/Modify geogrids" menu item (see section 8.4.5).

The "Automatically" button allows you to generate a completely new geogrid system. This func-
tion is also available by going to the "Reinforced soil system/Generate geogrids" menu item (see

section 8.4.4).
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8.4.4 "Generate geogrids" menu item

You can generate a completely new geogrid system using this menu item. Activate the "Delete
existing geogrids" check box. If this check box is not activated you can add further geogrids to

the previously existing ones.

Generate geogrids bt

¥ Delete existing geogrids

A1: |12I'.Ipeals 'l
A2 |dEIEI-:2mm 'I

Ad: pH 24 -

RHd4/RBd[]
Length bottom [m]
Length top [m];
Irchination [}

13t geognid (battom) [m} | 0.500
[from base of gabion wall)

Generate to [m] below lop: | 0100

Geogrid vertical spacing [m]: | 1.000
Geognds

[Secugid 40/20 R =l

0.e00
6.000
6.000

Lk

Cancel

Info

If you do not work with company products, the dialog box for this menu item corresponds to the
dialog box displayed when you press the "Automatically" button in the "Reinforced soil sys-

tem/Enter geogrids manually" menu item.
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8.4.5 "Modify geogrids" menu item

Using this menu item you can edit the data for all geogrids simultaneously in a single step. Enter a
value and start the modification using the respective "Apply" button following the desired action.

Only this action is subsequently performed.

Modify geogrids
Lengthen all with factor
i~ Mew length for &l
i~ Adign lenath

Algn lengths at bottom

New R H.d/R.B.dfor al

Factaor: 1.0000 Apply |
Length [m] [ 5.0000 Apply |

Apply |

RHd4/RBA[} 0.8000 Apply |

If you do not work with company products, the dialog box for this menu item corresponds to the
dialog box displayed when you press the "Modify" button in the "Reinforced soil system/Enter

geogrids manually" menu item.

GGU-GABION User Manual

Page 86 of 123

June 2020



8.4.6 "Generate slip surfaces" menu item

By entering only a little data you can generate a number of slip surfaces using this menu item. Slip
surfaces with 2 polygon sections are generated (two-part wedge failure mechanism).

Generate slip surfaces >

Active earth pressure wedge

Minimum inclination [°] [450

M aximum inclination ] lw

MNo. of subdivizions |2_

Ship surfaces

[T From lowest geogrid only

Starting point below geoagnd top [m]: W
MNo. of intersections with geognd ﬁ-

¥ Create only uni-directionally curved

[ Generate now [ Preferences only | Cancel

The two-part wedge failure mechanism consists of a slip surface corresponding to the active earth
pressure wedge. According to theory this earth pressure wedge has an inclination of 45° + /2 (see
section 7.21.2). Values smaller than 45° are thus not possible. Values greater than 65° only result
if the angle of friction of the soil is greater than 40°. The default values in the dialog box therefore
cover the usual construction range. The input for "No. of subdivisions" indicates the number of
intermediate angles to be generated between the two limiting angles.

In the lower group box it is possible to influence the left side of the two-part wedge failure mecha-
nism. If you activate the "From lowest geogrid only" check box (not recommended), only failure
mechanisms with bending points on the lowest geogrid are generated. The "Starting point below
geogrid top" value defines the left-hand point of the failure mechanism. The input for "No. of
intersections with geogrid" defines the number of central point of the failure mechanism.

The effects of the individual inputs are difficult to describe in words. So just try editing the input
in the dialog box and then click "Generate now". You will see immediately the failure mecha-
nisms generated by the program in the graphics. If you close the dialog box using the "Prefer-
ences only" button, the current analysis results will not be affected. However, when you start a
new analysis that includes geogrids these settings will be used to generate the appropriate failure
mechanisms.

8.4.7 "Geogrid forces" menu item

During analysis of the defined failure mechanisms the program calculates the maximum geogrid
forces and divides these by the safety factor of the respective failure mechanism. Using this menu
item you can view the maximum geogrid forces for each geogrid layer.
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8.4.8 "Sliding, overturning, bearing capacity" menu item

Verification is in accordance with the notes in the "Theoretical principles" section. You will see
the results in dialog boxes.

8.4.9 "Calculate earth pressure + weight" menu item

You can calculate earth pressure and weight independent of previous menu items. The results are
shown in message boxes.

8.4.10 "Geogrids table values" menu item

The geogrids of various manufacturers can be imported and supplemented using this menu item.
Editing the data is not recommended! In general, in GGU-GABION importable files can be re-
quested from the geogrid manufacturers. Data files from various manufacturers are installed in the
program folder when the program is installed.

Farw. I Back I Cancel I Done I Save I Load I Sart I 5 product{s] to edit I
Edit designations for A2 and A4 | Companyname:  [Huesker
No.Name Fk Y A1 Y A1 42 a2 42 a4 A4 A4 n
(kN/ml (1200 (BOy () (1w d30¢2mm d90<Brmm d30<4Smm pH 24 pH49  pH G99
1 |Secugrid 40/20 RE | 400 |136 [134 [130 127 |10 |08 109 |10 [100 [104 | 080
2 |Secugrid 80/20 RE | 800 |13 [134 [13: 127 |02 |03 [105 |10 [100 104 | 080
3 |Secugid120/40R6 | 1200 [ 136 | 134 |13 |27 100 102 [108 |10 [100 | 104 | 090
4 [Secugid 200/40R6 | 2000 [ 136 | 134 |13 |27 100 102 105 [110  [1o00 | 104 | 090
5 [Secugid400/40R6 | 4000 | 136 | 134 |13 [127 [to0 102 105 |10 [1o0 104 | 090

Other manufacturer's products can be imported using the "Load" button. When importing it is
possible to specify whether to import the products of only one manufacturer or the products of
several manufacturers together in one list. If you store your geogrids list in a "GGU-
GABION.ggu_geo" file on the program level, the product list is automatically imported when the
program is started.

In order to be able to select the geogrid products, the "Geogrids via company products" check
box must be activated in the menu item "File/New" or "Editor 1/Analysis options" (see sec-

tion 8.1.1). We also recommend activating the "Store company products in record" check box.
Otherwise, if the file is opened on a computer that does not have the ".ggu-geo" files installed, the
originally selected products are deleted.

The geogrid products can be selected in the menu item "Reinforced soil system/Enter geogrids
manually" or "Reinforced soil system/Generate geogrids".
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8.5 System menu

8.5.1 "Info" menu item

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

8.5.2 "Special preferences" menu item

The program performs a multitude of plausibility checks. After starting the analysis the prefer-
ences specified by the user are displayed in an info 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.

8.5.3 "Depth subdivisions” menu item

GGU-GABION uses the finite element method, which requires the system to be divided into a
number of finite elements (rods) (see section 7.14). You can specify the size of these depth incre-
ments for the region above and below the base in front of wall.

Depth subdivisions »

The program employs FEM methods to calculate earth
pressures and state vanables at certain intervals,

but abways at layer boundanes, anchor points, etc.
Depth ncrements can be specified by the user.

Small depth increments give improved accwacy

at the cost of longer analysis tmes.

Large depth increments result in less precision,

but reduced analysis duration,

Depth increments to base in fr. of walk | 0,050
Depth increm. below base in fr. of walt | 0050

Cancel |
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8.5.4 "Analyse" menu item

8.5.4.1 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 below for descriptions). You can also initiate the analysis using the [F5] function key and see
the same start dialog box.

Calculate wall =

Type of toe pivol: Tvpe of ep redistibution
* Toeis fully fived & Do not redistibute

" Toe s freely pivoted " Redistribute after EAR

" Base is embedded " Rectangular

Subgrade reaction mod, ks [kMN/n] " Birectangular Preferences
IW " Triangular Preferences

Special preferences " Trapezoidal Preferences

™ Redstibute area loads " Quadilateral Preferences

[T Reditibute ep to toe base " User-defined Preferences

V¥ Passive ep in front

[T Transition point with wp

[T 2nd order theam

[T Active earth pressure takes wall inclination into consideration
¥ Show wamings during analysis

ok | Cancel |

When all preferences have been specified to your satisfaction press the "OK" button to start the
analysis. The program first performs comprehensive plausibility checks on your input and notifies
you of any inconsistencies. The actual analysis of the system then follows.

Once analysis is complete, the results are presented in message boxes and then visualised graphi-
cally on the screen.

8.5.4.2 "Type of toe pivot" group box

In the first group box of the start dialog box of the "System/Analyse" menu item you can specify
the toe pivot. This is, of course, not possible in systems without geogrids. In such cases, the toe is
always fully fixed.

In systems with geogrids, a subgrade modulus for the base can be entered in place of "Toe is fully
fixed" or "Toe freely pivoted". Activate the "Base is embedded" check box and enter a subgrade
reaction.
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8.5.4.3 "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 base" and not, as is usual, to the load transition point.

For an analysis employing the global safety factors used in DIN 1054 (old), the load transition
point can be calculated with or without any prevalent water pressure ("Transition point with wp
check box). In addition, when analysing with the old safety factors you can specify whether the
program should place the passive earth pressure in front of the wall. If the "Passive ep in front"
check box is not activated, the passive and active earth pressures are added (superimposed). The
new standard does not allow addition of the active earth pressure (action) and the passive earth
pressure (resistance). The "Passive ep in front" check box therefore does not appear if the partial
safety factor concept is selected, because the passive earth pressure is always in front.

Transition
point

Passive earth pressure Passive earth pressure
superimposed In front of wall

n

N\
ﬂ"‘

N\
ﬂ'—‘

N\
ﬂ"‘

Figure 21 Passive earth pressure in front or superimposed

Finally, you also have the option of having the analysis performed according to "2nd order the-
ory". This entails iteration, which increases computation time.
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8544 "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:

¢ Do not redistribute
The analysis is performed using classical earth pressure redistribution.

e Redistribute after EAB
For in-situ concrete walls, R 70 provide a total of 9 redistribution figures, depending on the
location of anchors. GGU-GABION 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 form of a rectangle.

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

eaho

H

Q
>
c
-

Figure 22 Birectangular earth pressure redistribution

e "Triangular"
Earth pressure is redistributed in the form of a triangle. The associated "Preferences" but-
ton enables you to determine the position of the maximum (top, central, bottom).
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e "Trapezoidal"
Earth pressure is redistributed in the form of a trapezoidal. The associated "Preferences"
button enables you to determine the eahu/eaho ratio.

eaho

eahu

Figure 23 Earth pressure redistribution in a trapezoidal

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 24 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 using the "Preferences" button.

User-defined ep redistribution x

5.5000 6.0

W

Fora | Back I Cancel | Done
6 points to edit | ot |

Mo, Depth [m] eah’ [-]

1 Waltop [ 10000

2 1.0000 [20000

3 3.0000 [ 30000

4 4.5000 ["60000

5 | 60000

£ ["2ooo0

Load transition poink

You can define a number of depths between the top of the wall and the transition point, to
each of which you can appoint appropriate earth pressure ordinates. In subsequent compu-
tations, 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

Figure 25 User-defined earth pressure redistribution
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8.5.5 "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 positioning preferences x

7 Automalic graph positioning
*  Manual graph positioning

i~ Manual graph positions

Graph name % [m] Width [m]
‘Water pressure, . | 0.00 ] 200
Eaith pressure | 5.00 | 200
Moment [ 10,00 | 200
H force [ 15.00 | 200
W force [ 20,00 | 200
 [gabion wall | 25.00 | 200

ok | Cancel |

The graphs will then be shown at position "x" (central) 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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8.5.6 "Graphics output preferences” menu item
Among other things, the screen graphics consist of several diagrams, presenting depth-oriented

results. This menu item opens a dialog box which allows you to visualise the selected state vari-
ables on the screen by activating the corresponding check boxes.

Graphics output preferences X

“Water presentation

* MNone " Diff. water pressure Show systemn |

" “Water pressure pw O Potential | Showresuts |

" Gradient Vv EP+pw Cancel |
Earth pressure and state vanable hatching

[T Fixed spacing Spacing [mm] = 3.0

Action effects presentation, ete.

¥ Eaith press. ¥ ‘with seismics

¥ Moment WV H force

[T ulgabion wall) V¥ ¥ force

V¥ Arealoads W Soi pressues

™ Settlements [~ Logarithmic spiral

Display [earth pressure):

| 18d M (gqak T gk [ gk

Display [state vanables]):

ml Y W (grgk T gk ™ qk
Load presentation

Fresentation height [m] W Load hatching:

I~ Same height for al |With hatching |

Hatch spacing [mm]: W

Passive/active eaith pressure oversizing [-] 1.0

max [V - mu/H]: 10.00

On the whole, the dialog box is self-explanatory. For example, if the "Settlements" check box is
activated, the stresses below the footing for the characteristic point are visualised. When "EP +
pw" is selected, the sum of earth pressure and water pressure (pw) is displayed in the diagram for
earth pressure.

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 (q). In addition, the design values (d) can be
displayed.
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8.5.7

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.

"Labelling preferences™ menu item

This menu item allows you to specify labelling preferences for the system visualisation and the

result graphics.

Labelling preferences X

[T Label active bems ¥ Show slope of active beims
[ Label passive bems ¥ Show slope of passive bems
I~ Label loads I~ Label body

¥ Show loads [area of influence]

I Label logarithmic spial ¥ Label stress distribution

¥  Enter geogrid lengths/inchnations

Decimal places [V - mu/H): i3_

Distributed load labeling: " Left * Centre (" Right
Groundwater labelling (left): Left -
Groundwater labeling (right): [Right =]

Fort size [mm] W Force amow factor -] | 1.00
Carcel_|

In the dialog box, you activate the required check boxes and select the preferences for alignment
or font sizes. In addition, groundwater and berms labelling can be edited.
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8.5.8 "Body pens + colours" menu item
The gabion body is visualised with a multitude of graphic elements (centroid axis, kernel width,

etc.). Individual elements of the visualisation can be subdued, the pen types (dashed, dotted, etc.)
and fill colours changed.

Colours + pens X

Show body graphics’
Pen types for kemel width ete. |

<

Show 15t kemel width
Show 2nd kemel width
Certroid axis

<

Pressure fines

'reregion’ r

CHC RN

Load transmission

Gahion wall colow |

Load transmizsion colour |

oK Cancel |
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8.5.9 "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.

Haorizontal dimension ne

¥ Display
Font size [mm):

y-position [m}:
¥ Display

Font size [mm]:

w-pogition [m)

Decimal places rz“

20
200

Wertical dimension line

Decimal places |2_

20
200

Cancel

The distance to the gabion body 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 gabion body. All values are in metres in the scale selected (see the menu item

"Page size + margins/Manual resize (editor)" in section 8.8.3).

The fastest way to modify the position of the dimension line is to press the [F11] function
key and then to pull the legend to the new position with the left mouse button pressed.

8.5.10 "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
longer shown. If you want to view all the system data without state variables, clicking this menu

item will enable you to do so.

8.5.11 "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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8.6 Evaluation menu

8.6.1 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

always 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.

8.6.2 "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.

8.6.3 "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 info
box) on any part of the graphics will cause the corresponding state variables to be shown on
screen.

8.6.4 "Bearing capacity” menu item

Here you will obtain information in a message box related to the bearing capacity analysis. This
function can also be initialized pressing the [F7] function key.

8.6.5 "Settlements"” menu item
Here you will obtain the results of the settlement analysis displayed in a message box. CP means

that the settlements are calculated for the characteristic points.. This function can also be initial-
ized pressing the [F8] function key.

8.6.6 "Sliding safety” menu item

The calculated sliding safety is displayed in a message box.

8.6.7 "Static equilibrium (DIN 1055)" menu item

Using the partial safety factors to DIN 1054:2005 the static equilibrium to DIN 1055 is displayed
in a message box.

8.6.8 "EQU analysis" menu item

If the partial safety factor concept to EC 7 is adopted all available information on the EQU analy-
sis (limit state of loss of static equilibrium) is displayed in a message box.
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8.7 Graphics preferences menu

8.7.1 "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.

Zoom factor

Use cument 2oom of W
04| 06| 08| 10] 15| 25| 40| so]

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 se-
lected 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.

8.7.2 "Zoom info" menu item

By clicking two diametrically opposed points you can enlarge a section of the screen in order to
view details better. An information box provides information on activating the zoom function and
on available options.

8.7.3 "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.

8.7.4 "Pen colour and width" menu item

In order to enhance the clarity of the graphics you can edit the pen settings for various graphical
elements (e.g. moment, loads, groundwater, 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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8.7.5 "Mini-CAD toolbar" and "Header toolbar" menu items

Using these two menu items you can add free text, lines, circles, polygons and images (e.g. files in
formats BMP, JPG, PSP, TIF, etc.) to the main program graphics. 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 Objects created with Mini-CAD are based on the coordinate system (generally in metres),
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, labelling of
slope inclinations or the location of any footings).

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.

8.7.6 "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-
GABION.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
return 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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"Move object"

By clicking this icon you can move legends and graphical elements using the left mouse button
(equivalent to menu item "Graphics preferences/Move objects").

"Undo move object"

By clicking this icon the last performed movement of graphical elements can be undone.

"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 9.4).

"Colour on/off"

If you need to remove the colour from the system presentation, to create a black and white print-
out, for example, use this on/off switch.

"Undo"

By clicking this icon the last performed change (e.g. input of loads or movement of graphical
elements made using the [F11] function key) can be undone.

[}
"Restore "

By clicking this symbol, the last change undo carried out using "Undo" can be restored.
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8.7.7 "Soil properties legend"” menu item

A legend with the soil properties of the individual layers will be displayed on your output sheet. If
you have activated the "Show legend" check box, you can alter the type of visualisation using the
dialog box of this menu item.

Soil properties legend X

¥  Show legend

wevalue: W
pevalue: IW
Font size [rmm): I?

[ ‘With depths

[T Soll designations in main graphics
v Legend coloured

D Backaround colous l
Soil colours [Passive side) I

| 0K I Sail colours I Cancel

You can define and edit the position of the legend using the values "x" and "y". You control the
size of the legend using "Font size". 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.

e "With depths"
The depths of the individual soil layers will be shown in the soil properties legend.

e "Soil designations in main graphics"
The designations entered for the individual ground layers are displayed in the system
graphics adjacent to the layer depths.

e "Legend coloured"
The soil colours are displayed in the legend. Otherwise, they will be numbered.

e "Background colour"
The legend can be assigned a background colour.

e "Soil colours"
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 dis-
played.

After clicking one of the buttons you will see a dialog box, in which you can define your
preferences. After clicking the button with the desired number you can assign each soil
layer a new number or reorganise using 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.
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8.7.8 "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, you can alter the type of visualisation using the dialog box of this

menu item.
General legend X

W  Show legend
Heading:

|Basis for analyses:

wevalue: | 30.00
yvalue: | 75.00
Font size [mm): | 25

Max, ro. of nes Iﬁ
v Design situation text
| Mo file name j

IWithout date and time ~ ~|

I:l Background colow |

[ Show program name and version
v  Show standard

(1] 4 | 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.

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.

In the General legend you can, if wished, display information on the program (name and version),
on the adopted standard and on the current file (name, path, time info). Any project identification
entered in the "File/New" or "Editor 1/Analysis options" dialog box will also be shown in the
General legend . The legend can be assigned a background colour.
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8.7.9 "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 legend X

W  Show legend
Heading:

\Design:
wevalue: | 29.30

[ 15382
Font size [mm): | 25

Max. no. of ines Iﬁ

v Shding safety of gabion wall

[ Bearing capacity with all values
v EQU analysis

D B ackaround colour I

ok | 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.

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.

By activating the "Bearing capacity with all values" check box the bearing capacity, shape and
inclination coefficients will be displayed in the legend. Result display for the sliding safety (ga-
bion wall) and the EQU analysis can also be activated. These values are automatically contained
in the output table that can be opened using the "File/Print output table" menu item (see section
8.1.5). The legend can be assigned a background colour.
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8.7.10 "Settlement legend"” menu item

Following analysis and design a legend containing the principal results of the settlement analysis
is displayed on the screen. Amongst other things, the share of the settlement for each individual
layer can be taken from this legend. 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 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. 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 with the left mouse button pressed. The
legend can be assigned a background colour.

8.7.11 "Reinforced soil system legend"” menu item

After you have analysed a system employing a reinforced soil body, a legend containing the basic
assumptions and results of the analysis can be displayed. 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 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. 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 with the left mouse button pressed. The
legend can be assigned a background colour.
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8.712 "Geogrid legend" menu item

Where geogrids are employed in the system it is possible to display a corresponding legend by
activating the "Show legend" check box in this dialog box.

Geogrid legend b4

V¥ Show legend

Heading:

|Geogrids
#value:
yvalue:

Table width [mm];
Line height [rm):

™ RZd

¥ Inclination

| OK I

T
T
(000
[ 500

D Background colour |
Enter what additionally?
W Length

Cancel |

[T Comesp, FOS

The legend takes the form of a table. The font size can be controlled by means of "Table width"
and "Line height". The table can be assigned a background colour. In the lower group box it is
possible to select additional data to be included in the table.
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8.7.13 "Quick header" menu item

Using this menu item it is possible to display a simple header containing company data. Activate
the "Show legend" check box and enter your data.

Header b4

Puasition, etc.
v  Show legend

% [mm] I 247.00

3 [mm]: | 254.00 D Background colour

Texts
Institution: |Exemplary Design Consultancy
Sheet address:  [Any Street 1
City: I12345 Ginitty City
Telephone: | Telephone: 0123-4567-89
Telefax: | Telefax 0123-4567-90
Project 1D !eHaiI: mfaEyohn-dos. com
Scientist: {Sc&ienlist John Doe

ok | Cancel |

You can define and edit the position of the header legend using the values "x" and "y". The legend
can be assigned a background colour.

8.7.14 "Move objects"” menu item

Select this menu item in order to position legends or other graphical elements at the desired posi-
tion on the output sheet. You can also move objects by pressing the [F11] function key and then
positioning the objects 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 8.5.5), the result graphs can also be repositioned using this func-
tion.
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8.7.15 "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-GABION.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'.

8.7.16 "Load graphics preferences™ menu item

You can reload a graphics preferences file into the program, which was saved using the "Graph-
ics preferences/Save graphics preferences" menu item. Only the corresponding data will be
refreshed.
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8.8 Page size + margins menu

8.8.1 "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
using the [F9] function key.

8.8.2 "Manual resize (mouse)" menu item

You can alter the image coordinates graphically with the mouse. In the dialog box you are offered
two choices.

¢ 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 pre-
vious proportions (scale x-direction/scale y-direction) need to be retained, the "Propor-
tional section" check box must be activated.

e By activating the "Redefine origin" button you can change the image coordinates without
altering the scale. In this way, you can quickly achieve the desired presentation with a
suitably defined scale without annoying trial and error with the x/y coordinates. The previ-
ous scale preferences are not affected by this.

8.8.3 "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 8.8.5).

The image coordinates entered here can be saved in a file with the extension ".bxy" and be re-
loaded 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.

8.8.4 "Font size selection” menu item

You can edit font sizes for labelling the various graphics elements.

The font sizes of text within legends are edited in the respective legend editor. Just double-click in
a legend to do this.
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8.8.5 "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
following dialog box.

Edit page size and marging
~ Page in general

Height = |29?_E|IZI “Width = 420.00

Page margmn in mm

Left = [25.00 Right = 8.00
Top = [800 Bottom = 8.00

 Plot margin in mm

Left= | g85.00 Right = £.00
Top = | B0.00 Bottom = 25.00

¥ ‘with borders W With margins

o "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 bor-
ders" 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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8.8.6 "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 8.7.6).

8.8.7 "Restore™ menu item
When this menu item is selected the last change made in a dialog box or the last change in the
position of objects, which you undid using the menu item "Page size + margins/Undo" will be

restored. This function can also be reached by using the key combination [Ctrl] + [Back] or the
appropriate tool in the toolbar (see section 8.7.6).

8.8.8 "Preferences" menu item

You can activate or deactivate the undo functions.
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8.9 Info menu

8.9.1 "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-GABION.

8.9.2 "Maxima" menu item

Here you can check the defaults for maximum values.

8.9.3 "Compare ep coefficients” menu item

Here you can calculate the earth pressure coefficients for the given values of phi, delta and beta.

8.94 "Help" menu item

The GGU-GABION manual is opened as a PDF document. The help function can also be ac-
cessed using the [F1] function key.

8.9.5 "GGU on the web" menu item

Using this menu item you can access the GGU Software website: www.ggu-software.com.

Get information on updates and modifications on a regular basis from your program module page.
You can also subscribe to email notifications, which provide information on all modifications on a
monthly basis.

8.9.6 "GGU support” menu item

This menu item takes to the GGU-Software Contact area at www.ggu-software.com.

8.9.7 "What's new?" menu item

You will see information on program improvements in comparison to older versions.

8.9.8 "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 + Meniis iibersetzen (trans-
late dialogues, menus)" und "Graphiktexte iibersetzen (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.

GGU-GABION User Manual Page 114 of 123 June 2020



9 Tips and tricks

9.1 "?" buttons

Reading of the manual can mostly be dispensed with, because

2
"?" 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/Material" dialog box:

sig.Ek.SLS MM /] I 0.200 ? |

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

Informationen *

[ . ! sig,Ek,SLS = value of compressive strength
' in the serviceability limit state

Mo analysis if sig Ek,5LS > fm,d, because it is then superfluous.
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9.2 Keyboard and mouse

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

System

Body (general)
Body (gecmetry]
Berms (active side)
Soils

Geogrids

Active earth pressure

Passive earth pressure

Analyse
Output table

Verifications/Partial factors

Analysis options
Graphics output preferences

Labelling preferences

Material

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 an info box with
the results at the selected depth. This gives you a quick overview of the results for any desired
depth.

You can scroll the screen with the keyboard using the cursor keys and the [Page up] and [Page
down] keys. By clicking and pulling with the mouse, with [Ctrl] pressed, you activate the zoom
function, i.e. the selected section will fill the screen. Use the mouse wheel to zoom in or out of the
screen view or to pan.
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In addition, scale and coordinates of the system graphics (drawing area within the plotting mar-
gins) can be altered directly using the mouse wheel. The following mouse wheel functions are
available:

Change system graphics (new values can be checked in "Page size + margins/Manual resize
(editor)"):

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

(change in system coordinates)

e [Shift] + mouse wheel down = move system graphics down
(change in system coordinates)

e [Shift] + [Ctrl] + mouse wheelup = move system graphics right
(change in system coordinates)

o [Shift] + [Ctrl] + mouse wheel down = move system graphics left
(change in system coordinates)

Change screen coordinates:

e Mouse wheel up = move screen image up

e Mouse wheel down = move screen image down

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

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

9.3 Function keys

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

o [Esc] refreshes the screen contents and sets the screen back to the given format. This is
useful 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.

F1] opens the manual file.
F2] refreshes the screen without altering the current magnification.

F5] opens the menu item "System/Analyse ".

F7] opens the menu item "Evaluation/Bearing capacity".

]
]
]
F6] opens the menu item "Evaluation/Main output summary ".
]
F8] opens the menu item "Evaluation/Settlements".

]

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

— = /= /= —/ /= /e

F11] activates the menu item "Graphics preferences/Move objects".
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9.4

"Copy/print area" icon

A dialog box opens when the "Copy/print area" icon in the menu toolbar is clicked, de-
scribing 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
area 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:\Program Files [x86MNGGU-Software\GGU-GABION_7\Imagel, emf
penerated

(1] 4 Rename l 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
settings opens after marking the area. Following this, a dialog box for defining the image output
settings opens. After confirming the settings the defined area is output to the selected printer.
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10 Index

2
2" order theory, select for analysis ................ 91
A
Absolute heights, activate use .........c.ceceeeeeneee 55
Action boundary conditions, define.................. 78
Active earth pressure,
analysis principles........ccoceoeverenercevencnennens 28
edit analysis preferences ...........ccocecevereneene 70
select for analysis.......cccooeeererieniecencnineene 69

Active wall friction angle, wind load approach 23
Angle of wall friction,

enter/adopt from soil database...................... 68
Area loads,

consider in analysis ........ccccceecverereerieneennens 30

define ...oooeveeeiie 76

include into earth pressure redistribution ..... 91

select ep analysis method...........ccceverueninne. 72

select type of ep analysis........ccceeververevennnnne. 69
t0 DIN 4085 ..o 31
At-rest earth pressure,
coefficient to DIN 4085 .......ccoeoveivinenenne 28
keep constant..........ccuevereerieeeenieneeieeeeiens 72
select for analysis.........cccoeevveeniiieecinenne 69
B
Base in front of wall, define ...............ccoeeeneenee. 64
Base inclination,
coefficients in bearing capacity equation..... 47
consider in analysis .......c.ccoceveverererenennenee 36
Aefine ..oovveeeieiieieceeeee e 14
Bearing capacity failure plane, determine........ 48
Bearing capacity safety,
analysis principles.......cccceveveerereeniereeneenne.

consider base inclination
display analysis results for reinf. soil in a

MESSAZE DOX..vevviniieiieieniieieeie et 88
display analysis results in a message box... 100
passive ep to EC 7..oovoiiniiiiiiiiieiceieee 68
Bearing capacity,

coefficients in bearing capacity equation..... 47
Berms,

activate labelling .........ccccooeveevenienencnnienne.

define on active side
define on passive side
Bonding stress,

define visualisation height.............c.ccocceeene 81

in accordance with EBGEO ........................ 43

select calculation method. ............cccccooeenes 84

within slip body......cceveviininiiniiiiiiiee 42
Bounded surcharges,

consider in analysis .........cccceeeeeereneenne. 32,34

define ......ccoiiiiiie 76
Buckling length, determination .............ccccuene 51

C

Caquot/Kerisel,
consider in passive ep analysis............co...... 29
select for passive ep analysis..........c.ccoeenene 71
Centroid axis,
activate/edit display.......c..coceeeeeceninincniencne

consider acting forces
Characteristic point,

display settlements ..........cccceveeveruerneneenen.

limiting depth determination
ChOLESKY ..c.evevieiieieeieeeeseeeeee e
CLpboard........coceevieviieiirieiececeee e
Cohesion,

coefficient determination methods

enter/adopt from soil database......................
Colour,

define for SOilS.......cccevuereieiinineniciciecne 104

switch on/off
Colour/hatching, define for loads ..................... 97
Colour/pens,

define for gabion body .........cccceceevirienenenne 98

define for graphical elements ...
Company data,

add via Mini-CAD........cccoceeereinncirenennen. 102

add via quick header legend...........cc.c...... 109
Concrete,

activate verification...........cccececencvciccncnn. 18

enter values for structural analysis............... 17

Constrained modulus,
enter/adopt from soil database

for settlement analysis..............
Context MeNU, OPEN......ccuerveeueerrereerienreerieniens
Coordinates,
alter via editor ......ceeoevveenieiriecineieeens 111
alter with mouSe........cccevviiinciiiiice 111
OPHIMISE/TESEL ... 111
save/load ..........
Copy/print area
Cutting borders, switch on/off ........................ 112
D
Danish standard ........c.c.ceceoveeeineinccnnecnnennnns 47
Database,
for soil properties of common soils......... 28, 68
Dataset description,
define.....oveevreinieiieecieeeec e 54
AiSPlaY .o 105
Delete,
GEOZIIA .

soil layers
Depth coefficients,

definition to Danish standard ....................... 47
Design compressive strength,

define for concrete.......covvevverieevenieienienenns 18
Design resistance,

according to EBGEO.........cccccevvevievveiennne. 41

define for geogrid........ccovvveveerinieniieieieieens 84
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Design situation,

activate display in legend... ... 105

enter text for legend ..........coooeveieiiiiniienns 74
Design, display results in legend .................... 106
Dimension lines,

define ...ooeeeeiiiee e 99

move With mouse .........ccocevereeneninineae 109
DIN 1045 ...t 50
DIN 1055,

activate static equilibrium determination ..... 78
DIN 4017 oo 47
DIN 4019 .ot 49
DIN 4085,

consider in active ep analysis...........c.ccc....... 28

consider in passive ep analysis..................... 29

select for active ep analysis.........cceccvevennenne. 70

select for passive ep analysis...........ccecvenenee. 71
DIN 4093,

concrete verification principles.................... 52

select for analysis........ccceveeverieeeenieneenienne. 54
Displacement boundary conditions, define....... 79
Displacement method .........cccceevveverieniieciennens 35
Displacement, define for gabion wall............... 79
Distributed load, define as live load ................. 64

Double-bounded surcharges,
consider in analysis
define .....cceovveeeninnnn.

Drawing area, define ..........cccccevervevienienennene
Duddeck/Ahrens..........ccceeevveeieecieecriecieecreenen.
DXEF file,
(94 010) 4 PSRRI 61
import via Mini-CAD.........ccovvvieniinieieenne 7

E

Earth pressure analysis,

display results in a message box ..........c...... 88
Earth pressure coefficients,

be calculated........ccooevienieieniiieeeee 114

calculate

user-defined........ooeeeenienieiieninieeeeee 72
Earth pressure distribution, on gabion wall ...... 45

Earth pressure redistribution,
display in a message box
tO EAB .ot
user-defined.........cocooveeveieinincncncicncne

Earth pressure reduction,
considering inclined wall ...........ccccceeienene 44
determine possible factor ...........cccceeeeeeiene 45

Earth pressure wedge,
activate display........ccocevveenenieninienieneee,
in earth pressure calculation

Earth pressure,

analysis via earth pressure wedge ................ 44

edit preferences for active .........cccceeereeneenne.

edit preferences for passive...

select for analysis........coceeveveerienieiienenienne.
Earth quake, as design situation to EC 7 .......... 74
EBGEO, earth pressure reduction to................. 45
EBGEO, Internal stability,

reinforced soil SyStem .........coceeereeviinenienne 41
EC 7, load cases description............ccccevveeeennene 74

Eccentricity,

determine....... .44

unintentional...................... .50
Editor window, output table ..........ccccceeeveruenne 59
Elastic curve, for inclined body ............ccceuennene 36
Embedment depth, footing
EMF format .........cccovvveviieciiiiieciieciecveeee e,
EQU analysis,

ACHIVALE ..ottt e

display results in a message box

display results in legend..............
Equation solution to Cholesky...........cccccevuenene
Equivalent earth pressure coefficient,

ACHIVALE USC..veevvieeerieveeeireeteeereeeeeeeveeseee e 70
Equivalent system for weight calculation......... 43
F
Failure body, activate display..........ccceceruerune 81
Failure system, internal stability verification ... 41
FGSV e 7

File,

display name in legend...........ccccoevverrcnnene 105

10ad/SAVE ..ooooeveeeeeeeeeeeee e 55
Finite element module, for structural system.... 35
Font selection...........c.ccoevveeeeiuieeeciveeeereeeenne. 101
Font size,

for design legend.........ccccevveveriienenienienienne

for dimension line
for general legend

for geogrid legend .........cooveveiienininiiinene
for graphical elements
for reinforced soil system legend ............... 107
for settlement legend..........cccceoveneeiencncne
for soil properties legend...
for system/result graphics.....
Footer, output table................ .
Footing length, define...........cccceverienininncnenns
Foundation gap, explanation...........ccccceceevuenuene
Friction angle,
activate separate active/passive input........... 55
enter/adopt from soil database...................... 68
Friction coefficient,
define.......ccooeiiiiiiic 14
for sliding safety verification ...........cc..c....... 40
Function Keys ......cccceoeevenieienenieninieenenee, 117
G
Gabion body,
define..c..oveeereinieiieicicecc e 27
define colour/pens.........ccoeeveeeereniciccnncne. 98
define geometry .
define rotation/displacement ....................... 79
generate automatically .........cccocevereiecncnne. 15
Gabion wall, change alignment .............c.......... 55
General page information,
add via Mini-CAD........ccececvneivncircnenen 102
General stability,
verification using file export ...........ccccceeueee. 60
verification via file export

Geogrid forces, show maximum....................... 87
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Geogrids,

activate selection via company products...... 55
add automatically .........ccceeerirenerniniieens 85
display values in legend ..........ccccceovreenene 108
enter/delete . ......oovivererieeeeeeeee
enter/edit all values

enter/edit individual values ...........c..cccoceeee 84
manage company products.............cc.cecevuenee. 88
select as company product ............ceccveeueneee 83

GGU-CAD file, eXpOrt .....ccvevreeerereereiererenrenne 61
GGUMiniCAD file, eXport.......cceeveververerennenne. 62
GGU-STABILITY ..ot 60
Global coordinates,
use for Mini-CAD output..........cceevverveenennee. 62
Global safety factors/verifications define......... 73
Graph positions,
alter via numerical input.............cceeverveennnne. 95
alter with mouse................. ... 109
Graphics, add via Mini-CAD..... ... 102
Gravity body, activate display.........ccccceevenenee. 81
Ground inclination coefficients,
in bearing capacity equation......................... 47
Groundwater,
activate labelling ..........cccovvevvereevenieneenienne. 97
define colour
enter level.......coovivereniiiiniieeee
H
Hatching, define for loads .........c.cccccoveerincee 97
Header CAD, application explanations .......... 102
Header, output table...........cccoceveninenecinincnnne 57
Horizontal force, in rod construction analysis .. 35
Horizontal loading, on soil body ..........c..c..c..... 43
|
Inclination,
active earth pressure wedge...........coceverennee 43
rear face of wall........oocooeiiiiniie 43
Increased active earth pressure,
COCTIICIONTt ..oveiiiiiee e 28
select for analysis.......cccooevverenieniereecnineens 69
Internal stability,
select analysis method...........ccccoeoiininenenns 54
to DIN 1045 0ld ..o 50
to DIN 4003 ..o 52
t0 EC 2/DIN 1045-1 ...oovoiieeieeeeee 51
K
Kernel widths,
activate/edit display........ccceevevieiienenieinnne. 98
eXPlanation.........cccecevereeieiencnineieeeceeens 21
L
Labelling, system/result graphics ..................... 97
Lambda, reduction factor/friction coefficient... 84
Language preferences..........coceeveeeereereneennene. 114
Lateral pressures, define
Layout,
edit for output sheet.........cocceoeveiiininens 112
edit for output table .........cocevereieiiiniiens 57

Legends, move with mouse ...........cccceceeuenenee. 109
Licence protection
Limiting depth,

defining methods.........cccooeeivininiicnce, 49
select determination ...........cccceceeeveereeceeennene 80
Line loads,
define.......ooeveieiii 76
perpendicular to wall axis ........cceevveeverierennne 31
Live load, consider distributed load as ............. 64
Load case,
adopt from DIN 1054-2010/EC 7................. 74
adopt from ONORM EN 1997-1.................. 74
enter text for legend ........cccoevvevievierieiennne. 74
Load concentration factor,
CONSIACT ..o 31
define.......ooeveieiiiii 72
Load distribution, for concrete verification ...... 50
Load inclination coefficients,
in bearing capacity equation......................... 47
Load transition point,
calculate with water pressure ...........c.ooeeven. 91
using redistribution..........ceeeeveniereeerienienenns 93
Load transmission width,
activate/edit display........cccocerievieniecieniennns 98
define.......coocevvevininennns .. 14
for concrete verification ...........c..c.c...... .50
Loads, edit graphical output preferences........... 97
Logarithmic spiral,
display below gabion wall...........ccccccveuenee
display below reinforced soil system ..........
in bearing capacity failure plane ..................
M
Manual, open as PDF file ........ccccoccovecevinennne
Maximum values, display for system
Mean friction angle..........c.ccceecevenenennene
Mean soil Properties ..........cocceveevevrerervenrenenens
Metafile, €XPOTIt ...cc.eeeeruerieiiriieieeieeieneeeieieee
Mini-CAD,
application explanations............c.ccecevuerueene
EXPOTE fIl€ ...
output with global coordinates.....
Moment load, consider on rod axis.....
Moment, calculation in base plane .....
Mouse click functions..........ccoceeeeveererieniennen.
Mouse wheel functions...........cceceeveeveeeeneennee.
N
Navigation, output table ..........ccccocevereirennene 102
n-region,
activate/edit display.......c.ccoceveveviicrinenenne 98
eXPlanation...........ccoeeeverenenieneeeee 21
n-value, define for load distribution ................. 18
0
Objects, move with mouse..........ccceceevevennne 109
ONORM EN 1997-1,
select partial safety factors..........c.ccoeevecncne 74
Output preferences..........c.cocevevvenveerercnnens 59, 60
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Output table,
edit output as ASCIL.......
edit output as graphics....
NAVIZATION . ..cueeiiiieieieiececeee e
select output format...........ccocevevereininenns
switch to system graphics..........cccc.ce. 58,102
Overburden stress,
consider in settlement analysis.............c....... 80
Overturning safety,
analysis......cccocceennene.
deactivate analysis
display analysis results for reinforced soil

system in a message boX.........cevvererennenne. 88
P

Page,

COpy/print SECtioN.........cevveverveeeeennenne 103,118

define format.........cccooceevenieieneniececene 112

define/switch margins on/off.... 112
Pagination, automatic ..........cccceeceevvereeenennne. 58,59
Partial safety factors,

define ...ooveveeeiieieiceeee e 74

select from ONORM EN 1997-1.................. 74
Passive earth pressure,

analysis methods for coefficients.................. 29

edit analysis preferences ...........c.cceeceveeneenne. 71

for bearing capacity safety ........c.ccocceveeenne. 68

in front/superimposed............cecevveeeereeeenne. 91

LML e 71
PDF file, import via Mini-CAD.................. 7,102
Pen preferences,

edit for gabion body ........c.cceoeeveriiienieienne. 98

edit for graphical elements............c.cccceeuuenne 101
Piling Handbook,

consideration of line loads

effect on earth pressure .........ccccoeceeveereenenne.
Plausibility checks,

show during analysis.......c..ccccevereeniereneenne. 90

view results
Plot margins, define..........cccceceevereeiieneniennen. 112
Preconsolidation,

consider in settlement analysis...............

Presentation height, define for loads ...
Pressure line,

activate/edit display........ccoceeveneniiencnienenne. 98

eXPlanation.........ccceveveerienenienenieneeee 21
Print,

LAPhICS ..o

output table.....coeevuiriininiiieiee

section.............

several files ...
Program,

display name in legend..........cccccceeverineneae 105

save/load preferences ..........coceceeeeeeruenecane 110

show improvements

show information ...........ccceeeeceriiineneeane
Project data, add via Mini-CAD...................... 102
Project identification,

define

R

Redistribution figures,

available ......cooveevienieieeee e 37

SELECE ettt 92
Reinforced soil system,

display values in legend ...........cccceeinenene 107
Reinforcement force, maximum ....................... 41
Result graphics,

POSTHON. ..ttt
position with mouse
Results, display for selected depth.......... 100, 116
Rod construction module...........ccoevvereinenene 35
Rods,

define for system
effect on analysis .
Rotation, define for gabion wall ....................... 79

S

Safety concept, select .......coceveevrenerenieceeennn 54
Safety factors, define........c.ccoeveeeiiincninccnne 73
Scale,

alter with mouse .........cccovevevereiiiiee 111

define via editor .........cccceoveerireneneeeene 111

determine automatically .........c.cccceoeveenene 111
Scroll the SCIeen .........ocoveveveeieenerieseeene 116
Seismic acceleration,

as design situation to EC 7 .......ccoceveieinene 74

consider 10ads........ccccvererieinininieee 75
Serviceability,

systems with geogrids ........cccocevererieirennens 39

systems without geogrids ... 39

t0 DIN 4093 ..o 53
Settlement analysis,

display results in a message box................. 100

display results in legend

edit preferences ......ccevvevveveerieeeerieneeieiene

limiting depth definition...........ccccceevevennenne. 49

subtraction preconsolidation loading............ 49

Settlements, display share in legend
Shape coefficients, for strip footings

Short-term strength ..........cccceeveveecieneecieniennnne.
Slenderness, structural element ........................
Sliding safety,
consider base inclination............c..c.cceveeeuenee. 36
display analysis results for reinforced soil
system in a message boX.........cceeevenvennenne. 88
display analysis results in a message box... 100
N base plane........ccoecveveeveevienierieneeieeeee 40
in tier joint planes.........oceeevereeeeereenveneernenns 40
Slip surfaces,
generate/edit.......ocvereeierienieiee e 87
internal stability verification ..........c..c..c.c..... 41
Slope stability application ...........ccccceeeerveeennen. 60
Smart icons, for menu items...............c..c......... 102
Soil colours,
activate display.......cceceveecverircienenieieniene 104
define separate active/passive soils............ 104
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Soil designations,
activate presentation in system graphics .... 104

define ...ooooveieiiee 68
Soil layers,

adapt to absolute heights ..........ccocecevinenneee 64

define/delete.................... ... 68

maximum number .... .28
Soil numbers, activate display ..........c..cccevueneee 104
Soil properties,

activate separate active/passive input........... 55

display in legend .........cccocvvvvininennne

enter/adopt from soil database
Stability,

systems with geogrids .........ccoeeveveeceerieenennn. 39

systems without geogrids ..........ccvevverveenene. 38
Standard, display in legend.............cccverurennenne 105
Static equilibrium to DIN 1055,

activate determination ............coccceeeevereneennne 78

display analysis results in a message box... 100
Status bar main program, activate .................. 102
Stiffness, wall .........ooovvvevviiiiiiiiieeeeee, 35,38
Streck,

consider in passive ep analysis
select for passive ep analysis...........ccceenienee.
Stress analysis, for limiting depth

Subgrade reaction modulus, for toe pivot......... 90
Support forces, reinforced soil system.............. 43
System,

ANALYSE cvveeieieeeieieeee e

display properties in legend ..
division into rods.........c.ccccecenee

edit graphics output preferences................... 96
show information ...........c..ccceevvveenneen. 89,114
SEIUCHUTAL .. 35
T
Tension forces, in the geogrids.........cccceevennene. 43
Theory of elastic half-space....... .31
Toe pivot, define..........ccueeee. .90
Toolbar, edit for menu items .............ccveeeneenne 102
Transition point,
calculate with water pressure ............c..c....... 91
using redistribution..........ceeeevveveevenieneenienne 93

Translation, activate
True-type font........cccoeeeveveeieninieenieieiee
Two-part wedge failure mechanism,
internal stability verification ...................... 41
slip surface generation...........ccccceeeveerueenenne. 87

U

Unit weight,
activate separate active/passive input
enter/adopt from soil database......................
User-defined ep coefficients, enter............
Utilisation factor, unreinforced concrete ...

\%
Verifications,
activate for reinforced soil system................ 82
activate to DIN 1054 old ........ccoceveveinennns 73
activate to DIN 1054-2010/EC7........ccccu... 74

Version number,
display in a message box
display in legend .........ccccoveiririninieneene
Vertical force,
calculation in base plane ...........ccoccveeveruernens
in rod construction analysis.............
Vertical section for ep determination

\W4

Wall friction angle,

enter/adopt from soil database...................... 68

wind loads approach..........ccccceceveniiccncnne. 23
Wall toe, select bedding conditions.................. 90
Wall top, kept horizontal,

consider in analysis .........cecevereerenienieniene 51
Weight analysis,

display analysis results in a message box..... 88
What you see is what you get ..........cccccueueee. 101
Wind loads,

active wall friction angle approach .............. 23

consider as lateral pressures............... .. 78

consider for noise abatement wall ... .25

Y

Young's modulus, define for gabion material ... 17

Z

Zoom factor, define for full-screen display .... 101
Zoom function, activate.................. 101, 102, 116
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