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1 Preface

GGU-UNDERPIN allows the analysis and design of underpinning walls and, in special cases,
footings.

The program is essentially based on the Recommendations of the Working Group on Excavations
(German: EAB). Virtually all the cases considered by the Working Group are included. A special
feature of the application is automatically finding the earth-pressure redistribution values suggest-
ed by the EAB. For analysis and design both the global safety factors to DIN 1054 (old) and the
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

"?" 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, etc.) are supported.
PDF and DXF files can also be imported by means of the integrated Mini-CAD module (see the
"Mini-CAD" manual).

The application was developed in 1995, in part using previously existing modules. It has been
tested on numerous examples found in the literature and in practice. It is now used by a large num-
ber of civil engineering firms, construction companies and university institutes, and has success-
fully completed well over 1000 structural tests. Nevertheless, liability for completeness and cor-
rectness of the program and the manual, and for any consequential damage resulting from incom-
pleteness or incorrectness, cannot be accepted.
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2 Capabilities

GGU-UNDERPIN has the following characteristics and maximum capabilities:

e Almost any type of underpinning body may be defined.

e Base inclination of the underpinning body

e Up to 50 soil layers

e Up to 40 berms on the active earth pressure side

e Up to 40 berms on the passive earth pressure side

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

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

o Classical water pressure approach for impermeable walls and, alternatively, by means of
flow conduits parallel to the wall in accordance with potential theory (analysed using finite-
element methods). Inconsistencies in subsurface hydraulics apparent when using the classi-
cal approach are avoided when using flow conduits, and varying permeabilities are correct-
ly considered as far as the approach allows. User-defined potentials can be applied at any
point along the flow conduit. This allows correct, problem-free consideration of systems
with several groundwater storeys and/or aquifuges, or with artesian conditions.

¢ Optional consideration of hydraulic gradients on the active and the passive earth pressure
sides

o Analysis of safety factors against deep-seated failure with optimisation of anchor lengths

e Analysis of bearing capacity safety to DIN 4017 in addition to verification of footings in
slopes and footings with inclined bases

e Analysis of settlements to DIN 4019

e Analysis of sliding safety factor

o Analysis of safety against hydraulic heave

e Analysis of safety against buoyancy

e Verification of unreinforced concrete to EC 2/DIN 1045 or DIN 4093:2012-08
e Analysis of static equilibrium in the EQU limit state

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

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

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

e Specification of up to 5 displacement boundary conditions (rotation, displacement in x or y
directions) at any location
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e Specification of up to 5 action boundary conditions (moment, shear force and normal force)
at any location

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

e Consideration of pretensioning of anchors and struts possible

o Consideration of seismic effects via additional horizontal loads and/or altered earth pressure
coefficients

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

e Automatic computation of earth pressure redistribution in accordance with EAB recom-
mendations

e Other earth pressure redistribution options:
- No redistribution
- Rectangle
- 2 Rectangles
- Triangle (maximum can be optionally placed at top, middle or bottom)
- Trapezoid
- Quadrilateral with maximum at anchor locations or any other location.
- User-defined polygon

e Footing pressure can be redistributed either to the wall toe or to the transition point.

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

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

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

e At anchor points, predeformations that are already present can be defined as boundary con-
ditions.

e Previously analysed records can be combined, in order to investigate the cumulated defor-
mations for advancing and retreating conditions. In addition, action effect profiles can be
represented as an envelope.

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

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

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

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

e Zoom function

e Mini-CAD system (additional text, lines, rectangles, circles, graphics, etc).
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e By clicking the "Copy/print area" icon on the toolbar you can copy any part of the
graphics to the clipboard or save it as an EMF file (Enhanced Metafile Format). Using the
"Mini-CAD toolbar" or "Header toolbar" modules, you can insert 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.

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 a 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 GGU-UNDERPIN program checks that
a licence on a CmStick or as CmActLicense is available.

4 Language selection

GGU-UNDERPIN is a bilingual program. The program always starts with the language setting
applicable when it was last ended.

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

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

e File

e Info

By going to the "File" menu, a previously analysed system can be loaded by means of the "Load"
menu item, or a new one created using "New". After clicking the "New" menu item a dialog box
opens for specifying general preferences for your new system (see Section 8.1.1). You then see
nine menus in the menu bar:

o File

e Editor1

e Editor 2

e System

e Evaluation

e Construction stages

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-UNDERPIN screen is not refreshed after every alteration.

If you would like to refresh the screen contents, press either [F2] or [Esc]. Additionally, the [Esc]
key sets the screen presentation back to your current zoom, which has the default value 1.0, corre-
sponding to an A3 format sheet.
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6 First steps using a worked example

6.1 System description

Knowing from experience that having to work one's way through a software manual can be very
tiresome, the following sections provides a short description of GGU-UNDERPIN's main func-
tions, which will quickly enable you to carry out an underpinning wall analysis. Details, when

needed, will be found in the appropriate chapter of this manual. The following example of an un-

derpinning wall is to be calculated.

ViH(g) = 200.0/0.0 /¥/H(g) = 100.0/0.0 kMN/m
x=-0.700m
Load width = 1.50 m
—————— -1.50/0.00 0.00/0.00
2,1
E 5T R A 5T REA
-1 50/3.50 0.75/3.50
-2.10/4.50 0.50/4 50

Figure 1 Ilustration of worked example 1

The groundwater level lies on excavation base. At the top of the wall a permanent vertical load of
200 kN/m and a changeable vertical load of 100 kN/m are present. The load is transferred with a
transmission width of 1.50 m. The unit weight of the concrete is = 23 kN/m2. Behind the top of the
wall the ground surface is elevated by 0.5 m. A live load of 5 kN/m2 acts on the ground surface.
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6.2 Step 1: Select analysis options

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

dialog box will appear:

Mew dataset

Project identification

Example 1

Standard:

Analyzsiz of unreinforced concrete
" ToDIN 4093:2012-08

{*+ Partial zafety factor concept [EC 7) Info ECY

" Partial zafety factors (DM 1054: 2005)
" Global zafety factars (DIM 1054 ald)

[ Show excavation on right
[ Dornotinvestigate overturning

[ Use absolute heights

E quivalent wall

W all friction angle delta k/phi =

ok, |

i
g i
* ToEC 2/DIN 1045 ?
| Shear analysis to DIN 4093 simplified | ?
General

[ Differentiate active + pazsive soil properties

[with regard ta: phi, gamma + gamma']

| Equivalent wall compliant with EAB Bth E dition

[ Use wall friction for bounded surcharges

Dresign. |m

|i

o5 Kl

Cancel |

If you select the "Use absolute heights" check box you can enter all depths or 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, as all input is immediately visible on the
screen. In this example the check box "Use absolute heights" is not selected.

Select the buttons shown in the above dialog box and click "OK". A new system is displayed on
the screen and the complete menu bar is activated.
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6.3 Step 2: Define the excavation

Go to "Excavation" in the "Editor 1" menu. The following dialog box will appear. Enter the val-
ues shown below:

Excavation

— Ewcavation

Excavation base [m] IT
Groundwater [right] [m] IT
Groundwater [left] [m] IT
Distributed load [kN/mé] [ oo

Twpe of digtributed load:
IEDmpDnent > 1000 kM /mé changeable ;I

Pazzive side
’VDistributed [oad [kM /e .00

Cancel I

The live load of 5 kN/m2 for the example is entered later in "Editor 1/Berms (active side)".
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6.4

Step 3: Define load on the underpinning body

From the "Editor 1" menu select "Body (general)".

Underpinning body

Loads + geometry

Permanentig] Changeablelq]

Vertical laad [kN /] | 200.0 | 100.0

Herizartal load [kN /m | 00 | 00 +V
w [m]: IW +H ;

Load tranzmizsion width [m]: 1.500

Footing length [m]: 100.00

[for bearing capacity + settlement)

Baze inclination [*]: Q.00

Cancel

Define the "Vertical load" and the "Horizontal load" as permanent loads at the top of the wall.
Define the location of the vertical load from the top right edge of the underpinning wall using
"X(load)". The "Load transmission width" is required for verification of internal stability to EC 2
(see "Theoretical principles/Verification of unreinforced concrete", Section 7.30). Define the
appropriate value, here.

By entering the "Footing length™ you define the length of the underpinning body. This value,
however, is only used in the bearing capacity and settlement analyses. Additionally, you can define
any "Base inclination"” of the underpinning body in the above dialog box (see "Theoretical prin-
ciples/Base inclination”, Section 7.16).

For the example enter the values shown in the above dialog box.
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6.5 Step 4: Define geometry of the underpinning body

From the "Editor 1" menu select "Body (geometry)".

Underpinning body

Forward | Back | Cancel I Done I Load |

3 points to edit | Sart | Save |
Mo Diepth [m] w[left] [m] w[right] [m]

Top of wall = 0.000 I -1.500 0.000
2 I 3.5800 I -1.500 I 0,750 interpolate |
3 I 4 500 |-2.'||:||:| I 0.500

Change the number of points to 3 and enter the values shown above. The depth values are relative
to the top of the wall elevation. For every depth two coordinates (left and right edge of the wall)
need to be given (see "Theoretical principles/Underpinning body", Section 7.1).

After closing the box press [F9] for optimised graphics display.
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6.6 Step 5: Define specification for concrete

Select the menu item "Editor 1/Concrete". Enter the values given in the following dialog box.
"Yo. mod." designates the Young's modulus of the concrete. This value is required for the struc-
tural analysis of the wall.

Unreinforced concrete

nreinforced concrete

gamma [kM /r]: IW
‘Yo. mod. [kN/me] | 30000E+7
frm.d [MN /e | zomo
phik '] BT
gammaphi] N
h-value for load distribution IW

[ wWalltop kept harizontal

El B EEIE

v “erify concrete

from [m] 0.000
to [rm] 939.000

v  Pressure ine must lie within 15t core under permanent loads

Cancel

If the "Verify concrete” check box is activated, the unreinforced concrete is verified, if necessary,
by means of a defined partial section. Values for "fm,d" (design value of concrete compressive
strength) and "n-value for load distribution™ are required here (see explanation in Section 7.30).
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6.7 Step 6: Define berm
From the "Editor 1" menu select "Berms (active side)". Click "0 berms to edit" and enter 1 as
the new number of berms.
Active berms
Daone I Fanw. | Back Cancel
1 berms to edit |
N Left Right Delta b Surcharge Live
. [mn] [rn] [m] [k ] lnad
1 |oooo oo | 050 | 500 r
Enter the values shown above and click "Done".
6.8 Step 7: Define soil

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

K soil properties

Edit number of zoils Commar oils
Dezignation Baze gam gam' phi clal clpl dial/phi | dipl/phi | k [m/s] k. [m/s] Ez
[rw] NA?] | kM) | 1] [kNAE] | [kWAmE] | [ [ Left Right [MMiE]
|1 |Sand 2.00 19.0 11.0 325 | oo 0o 0.000 0.000 1.00E-4 | 1.00E-4 | 500
LCancel | Sort | Load Save
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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6.9 Step 8: Define type of earth pressure

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

Type of earth pressure

— General

% |lze active sarth pressure
" Use at-rest earth pressure

" Use increazed active earth pressure
Relationghip: [1.0 - factar] - kah + Factor - k0

Factar [-] I 0.E0

— Area loads

¥ |se active earth pressure for area loads
" Usge at-rest earth pressure for area loads

" Use increazed active earth pressure for area loads

Relationzhip: [1.0 - factar] - e[active] + factor - efat-rest]

Factar [-] IW
Caticel |

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
look at them, in order to familiarise yourself with them.

This completes data input.
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6.10 Step 9: Analyse system

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

Analyse wall

Tywpe aof ko pivat;
Toe iz fully fiked

Special preferences

[ 2nd order theory

(] | Cancel

Type of ep redistribution
(* Do not redistibute

" EAB 1983

" EAB 2012

" Rectangular

" Birectangular Preferences
" Triangular Freferences
" Trapezoidal Freferences
" Guadrilateral Preferences
" User-defined Freferences

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. Be-
sides the action effects the following are shown in the body:

e Pressure line

Location of the resultant in each section.

e 1st kernel width

If the pressure line is within the 1% kernel width the plan area is completely under pressure

=> compressive loading only.

e 2nd kernel width

If the pressure line is outside of the 1%t 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.
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6.11 Step 10: Evaluate and visualise the results

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 "Graphics prefer-
ences/Move objects" menu item and follow the instructions there. The size of the legends can be
altered by changing the font sizes in the individual dialog boxes (see "Graphics preferences"
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 ele-
ments 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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7 Theoretical principles

7.1 Underpinning body

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

e depth of section below top of the wall

e corresponding left and right wall boundary

-X +X

This point is fixed and always
has the coordinates [0,0]

Figure 2 Underpinning body

To define the body of figure 2, you must enter the depth and corresponding two x-values in four
horizontal sections. In addition, you can specify a base inclination (see Section 7.16).
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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 [kN/m3] of moist soil y ;

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

o friction angle [°];

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

o active angle of wall friction as the ratio d4/¢ ;

e passive angle of wall friction 8,/¢ ;

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

e constrained modulus Es.

Permeability is taken into consideration in a calculation of subsurface hydraulic conditions via
flow conduits parallel to the wall (see Section 7.7.2).

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/Soils" 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 kan (friction) and ken (cohesion). Alternatively, there is the option of
determining the cohesion coefficient from ke, = kan2, a method often found in older literature.
In addition, calculation of the active earth pressure after Culmann is possible. The calculations use
a slice method with planar slip surfaces.

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

kKeh=(1.0-1) - kan + f - ko

00<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:

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

Caquot/Kerisel,;

DIN 4085:1987/Caquot/Kerisel.

Mohr/Coulomb (root)

This approach is obsolete and should no longer be used!

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

7.7 Water pressure

7.7.1 Classical water pressure approach

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

Water level

Groundwater

Resultant load

Figure 3 Classical water pressure approach

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

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

Groundwater

Water level

Figure 4 Water pressure approach using flow conduits
The spacing of the two upper flow conduits is the result of the largest wall thickness.

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

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

The classical water pressure approach is valid when the toe of the wall is embedded in a layer of
low permeability. Otherwise the difference in water pressure at the underpinning body base (see
Figure 3 Classical water pressure approach) has no physical meaning, but nevertheless provides
conservative design values.

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

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

If an impermeable layer occurs at the base of the wall there will be no hydraulic gradient along it.
Nevertheless, when using the classical approach, a linear reduction in water pressure is assumed in
the literature, which really amounts to unnecessarily doing the same thing twice.

7.7.4 Possible conceptual error using flow conduits

On the other hand, the following conceptual error can easily be made using flow conduits when
dealing with the following system:
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Figure 5 Possible conceptual error using flow conduits
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pl=yw-cC
p2:'Yw'b

The permeabilities of the clay and sand layers are 1-10® m/s and 1-10** m/s, respectively. Alt-
hough GGU-UNDERPIN conforms completely to potential theory, the calculated difference in
water pressure, pl [KN/m?], does not correspond to the distribution of pressure that would be ex-
pected. Based on what has already been described, the application assumes a current of water in a
flow conduit parallel to the wall from the water level on the right to the water level on the left of
the wall. At the top right-hand end of the flow conduit the water level corresponds to the right-
hand water level, while at the top left-hand end of the flow conduit it corresponds to the left-hand
water level. The reduction in water pressure between these two points is now determined accord-
ing to potential theory. The resulting difference in water pressure between the left and right sides
corresponds to the distribution p1 shown in Figure 5, and according to the applied method is per-
fectly correct. However, if the groundwater level below the layer of undisturbed clay is the same
as that above it, this approach will produce an erroneous value for the water pressure distribution.
In the above example, the water pressure below the layer of clay will be determined almost entire-
ly by the water pressure in the excavation. If the water pressure below the layer of clay is to corre-
spond with that above it, using flow conduits, a potential of

h=a

must be defined on the right side, below the layer, so as to achieve the desired distribution of water
pressure differentials, p2, as shown in Figure 5. Although GGU-UNDERPIN conducts plausibil-
ity checks, there are nevertheless situations in which an analysis without additional definition of a
potential below the clay layer is useful. Whether or not the computed difference in water pressure
is what you had in mind can be easily checked by selecting the "Differential water pressure"
command button in the dialog box that appears when you click "Graphics output preferences" in
the "System" menu. Then GGU-UNDERPIN graphically displays the difference in water pressure
between the left and right sides of the wall.

7.75 What is a potential?
In subsurface hydraulics the potential (h) is composed of:

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

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

If p is the water pressure in KN/m2 at a particular point, then water pressure, u (in metres) = p/yw
(yw = unit weight of water = 10.0 kN/m3).

h=phw+y

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

o %0, P o 2 o % ° S
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| |GW (bottom)

Figure 6 Definition of potential

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

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

pP=yw-(h-y)
For the gradient (i) we have:
i=Ah/AL

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

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

GGU-UNDERPIN can handle up to 10 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 accord-
ing to the Piling Handbook (Krupp Hoesch Stahl).

X2 Surcharge

dh

B

Additional load from berm and
surcharge

Figure 7 Berm on the active side

The following relationships apply for the parameters x and y:

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

Aeanu =y - dh + surcharge

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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7.9

Area loads

Up to 20 area loads can be positioned on the active side at any height.
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load
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Figure 8 Area load

The slip surface angle for the active earth pressure resulting from the self-weight of the soil is

adopted for analysis compliant to DIN 4085.

cos(p —a)

4,,= @ +arctan

sin(¢_a)+\/Si”(¢+5a)-cos(a_ﬂ)

sin(p — 8)-cos(a + &, )

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

fied 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 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 9).

e For over consolidated, cohesive soils the concentration factor '3' applies, where:
€op = /7 - (B2 - B1+ cOsP1 sinPz - cosPz Sinpy)

e For non-cohesive soils, or for cohesive but not over consolidated soils, the concentration
factor '4' applies, where:
€op = 0/4 - (SiN3B2 - sin3Py)

Area load

Figure 9 At-rest earth pressure from area loads

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

7.10 Loads with limited plan dimensions

Loads with limited plan dimensions can be reduced compliant with "Piling Handbook" Figure 4.20
(page 64) or DIN 4085:2017-08 (page 17), see also Section 8.3.2.
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7.11 Bounded surcharges (active side)

Up to 10 bounded surcharges can be positioned at any height on the active side.

aliiiniiim
7

Figure 10 Bounded surcharge (active side)

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

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

If two bounded surcharges are defined as follows:

1.00
]

PTIII

2.00 P|

Figure 11 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 12 Double-bounded surcharge

The same result is achieved as for the definition provided by Figure 11 but with improved
graphics.
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The area loads described in Section 7.9 are based on different assumptions for the resulting earth
pressure, so the definition of a double-bounded surcharge does not provide the same result as an
equivalent area load.

7.13 Bounded surcharges (passive side)

Up to 10 bounded surcharges may be adopted at any height on the passive side. The passive earth
pressure is computed as follows:

p =10.0

I
—
@ \\\\

Figure 13 Bounded surcharge (passive side)

7.14 Double-bounded surcharges (passive side)

Double-bounded surcharges on the passive side can be modelled using two bounded surcharges
(also see Section 7.12). Double-bounded surcharges on the passive side were only implemented
due to the better graphical representation.
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7.15 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 underpinning
wall and any anchors and struts as a single structural system. The wall is taken into consideration
as a rod construction, running along the centroid of the underpinning wall.

Underpinning Structural
wall system
Centroid axis Elastic curve

Figure 14 Structural system of a wall without anchors or struts

The stiffness El of the underpinning wall is acquired from E-d3/12, where d is the horizontal thick-
ness 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. The remaining values of
any anchors or struts can be specified before beginning the analysis.

If anchors or struts 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-UNDERPIN takes
into consideration 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 8.4.3).

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

7.16 Base inclination

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

Base inclination

Figure 15 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 7.23.1), base inclination is taken into consideration.
The additional horizontal force component is not incorporated in the analysis, leading to a more
conservative result.
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7.17

Design

7.18

When you begin an analysis, the program requires the stiffnesses of the underpinning wall and any
anchors and struts present. The stiffness EI of the wall is acquired from E-d3/12, where d is the
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. The remaining values
of any anchors or struts can be specified before beginning the analysis.

Once the structural analysis is complete the program performs the following verifications for all
rods (finite elements):

o calculation of bearing capacity safety to DIN 4017 and additional verification of footing
within slopes and for footing with base inclination, where necessary;

e calculation of settlements to DIN 4019;

o calculation of sliding safety;

o calculation of hydraulic heave safety;

e calculation of buoyancy safety;

o verification of the unreinforced concrete to DIN 1045.

By going to the menu item "Editor 1/Verifications/Safety factors”, or selecting the partial safety
factors in "Editor 1/Verifications/Partial factors" and "Editor 1/Buoyancy + Hydraulic
heave", you can select the verification to be performed.

The settlement analysis can be activated or deactivated by going to "Editor 2/Settlements".

Bedding conditions of underpinning body base

7.19

For systems without anchors or struts the underpinning body base is fully fixed.

For systems using anchors and/or struts, the underpinning body base can either be defined as fixed,
freely pivoted or with an embedded base.

Action and displacement boundary conditions

GGU-UNDERPIN automatically sets the boundary conditions described in Section 7.15 ("Theo-
retical principles/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,

e moment.

GGU-UNDERPIN User Manual Page 37 of 125 January 2022



7.20 Predeformations

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

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

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

e accept warning and begin analysis;

e accept warning and do not begin analysis.

When GGU-UNDERPIN draws your attention to special preferences, the dialog box is always
designed so that simply pressing [Return] will not terminate the analysis.

GGU-UNDERPIN is designed for a high degree of user interaction, with the aim of avoiding
erroneous and unwanted preferences (see above). Batch processing for the background processing
of a number of files simultaneously is incompatible with this concept. Therefore, GGU-
UNDERPIN does not create a single dataset when dealing with a number of construction phases.
All phases must be dealt with in separate datasets. The only disadvantage of this is the treatment of
predeformations. If you want predeformations from a previous construction phase to be automati-
cally taken into consideration, this previous phase must already have been analysed (obviously)
and be available as a dataset (on your hard disk). This dataset must be given as the dataset from
which the predeformations are to be determined for the new construction phase. Since there is no
re-analysis of the old phase, this dataset and the results obtained with it must be saved. If you
should mistakenly select a dataset that contains no results, GGU-UNDERPIN will inform you of
this. Otherwise, there are no restrictions. The name of the file with the predeformations is saved
with the current dataset, where it is available for future use.
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7.21 Pretensioning

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

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

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

The same applies to struts.

7.22 Earth pressure redistribution

Classical earth pressure redistribution is not appropriate for braced or tied-back walls. Earth pres-
sure calculated according to classical theory must be redistributed. GGU-UNDERPIN includes a
large number of pre-programmed redistribution figures. In addition, by defining a polygon, the
user can create any redistribution figure. The figures available are given below:

e rectangle,

e 2 rectangles,

e triangle, maximum at top,

e triangle, maximum at centre,

e triangle, maximum at base,

e trapezoid,

e quadrilateral with maximum at anchor locations or at any point,

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

o all EAB redistribution figures.
For normal underpinning walls, earth pressure redistribution according to the EAB is probably the
simplest way of finding the correct redistribution figure. If you select this option, you only need to
wait for the analysis to be completed. GGU-UNDERPIN selects the most appropriate from the
available EAB figures (R 71 for in-situ concrete walls). If the program is unable to find a suitable
EAB figure because of abnormal anchor or strut positions, analysis is terminated, and a warning

message is issued. You must then give some thought to selecting or defining your own redistribu-
tion figure.

GGU-UNDERPIN gives you the option of including or excluding area loads in redistribution.
Water pressure is never redistributed.
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7.23 Bearing capacity safety

7.23.1 Analysis principles

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

6ok =C-Nc+y1-d-Na+y2-b" - Np

Additionally, the depth coefficients T and Tq4 not documented in DIN 4107 may be taken into
consideration.

e oork = Characteristic bearing stress

¢ = cohesion [kN/m?]

e N = bearing capacity coefficient cohesion

e vy1 = unit weight of soil above footing base

e d =embedment depth of footing

e Ng = bearing capacity coefficient footing depth
e v, = unit weight of soil below footing base

e b' = calculated depth of footing

e Np = bearing capacity coefficient footing width

Bearing capacity coefficients Nc Ng and Np
e Ne=Neo- ve-ic-Ac-Ee - Te
e Ng=Ngo-Vvdg-ig-Adg-E- Ty
 Np=Nbo:Vo:ip-Ab-&p

The following values are adopted:

e Nc Nao Npo according to DIN 4017

e v¢ vq v according to DIN 4017 (shape coefficients)

When entering the system data input of a length is principally of importance for the settle-
ment analysis. The program consistently uses the values for a and b, including for calcula-
tion of the shape coefficients va and vy for strip footings, as this delivers somewhat more
favourable values.

va=1+0.2-b/a (instead of 1.0 for strip footings)
vb =1+ b/a - sin(p) (instead of 1.0 for strip footings)

e ¢ ig ip according to DIN 4017 (load inclination coefficients)
e ) Mg A according to DIN 4017 (ground inclination coefficient)

o & Eq &, according to DIN 4017 (base inclination coefficients)
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e T Tq=depth coefficients according to the Danish standard (not permitted to DIN 4017)
Tc=Ta=1+0.35-GS/b<20
GS = footing base
b = footing width

7.23.2 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 16 Logarithmic spiral
The mean governing soil properties are determined using the following relationships:cal tan
o=XZtanoi- /21
calc=Zci- lp/Z i
caly2=Zy2i - Av/ Z Ai

li = 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 condi-
tion is met.
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7.24 Settlements

Analysis of settlement is compliant with DIN 4019 using the relationships given in the Geotech-
nical 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:

o with a fixed, user-defined value,

e as a multiple of the footing width,

o as the depth at which the total vertical stress exceeds the overburden stress by x% (general-
ly 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/m2 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.

7.25 Sliding safety

The sliding safety is calculated using
n=Vk-tan @/ Had

Vi = characteristic vertical force
Hq = design value of horizontal force

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

7.26 General stability

The general stability can be simply verified by exporting the data from GGU-UNDERPIN to
GGU-STABILITY (GGU slope stability application).

GGU-UNDERPIN User Manual Page 42 of 125 January 2022



7.27 Hydraulic heave

7.27.1 Hydraulic heave safety using global safety factors

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

N
G
_ Lz

YN S,

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

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

The minimum value of all n is the hydraulic heave safety of the system.

7.27.2  Utilisation factor (hydraulic heave) using partial safety factors

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

' N I}
S u S izle' Vg, stb

e S =characteristic flow force on the percolated soil mass

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

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

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

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

_ S
ZN G.i .
ik Vgt

Hy

e U = utilisation factor of layer N

Utilisation factors < 1.0 mean that sufficient safety is given.
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7.28 Buoyancy

7.28.1 Buoyancy safety using global safety factors
The buoyancy safety for each soil layer within the excavation is determined via a comparison of

the soil weights to the water pressures at the respective layer bases. The self-weight of site plant
and structures, frictional forces etc. are not included.

_ Zi’ilGi
= P—

N

N

e 1~ = buoyancy safety of layer N
e G; = self-weight of layer i
e Py =water pressure at base of layer N

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

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

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

7.28.2  Utilisation factor (buoyancy) using partial safety factors

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

N i
A< " Vg dst = Z=le,stb' Vg, stb

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

o ygdst = partial factor for destabilising permanent actions in the UPL limit state
e Gysiw = lower characteristic value of stabilising permanent actions
e vygsty = partial factor for stabilising permanent actions in the UPL limit state

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

Ak : 7/g,dst

N~
izlek,stb *Vg.sth

Hy =

e U = utilisation factor of layer N

Utilisation factors < 1.0 mean that sufficient safety is given.

7.29 Verification of deep-seated stability

According to the EAB, R 44, the deep-seated stability of tied-back excavations must be verified.
This primarily serves to determine the necessary anchor lengths. Verification uses the method
described by Ranke/Ostermayer (Bautechnik 1968 (Construction Engineering), Issue 10). When
verifying deep-seated stability each anchor is first investigated (including the influence of the
remaining anchors on the slip plane). Compound slip planes, which are determined by connecting
the end points of the anchors involved, are then analysed.

I
|
\
/
\ ’Compound
" slip plane

Figure 17 Compound "deep slip planes”

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

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

The only condition is that the next anchor end point is always to the right of and above the preced-
ing one.
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- This compound slip plane
is not investigated !!

Figure 18 Compound "deep slip plane"”, which is not investigated

These slip planes are not critical. The most unfavourable slip plane associated with each anchor is
displayed on the screen with the corresponding safety factor. A safety factor of 1.5 is generally
required when adopting global safety factors. If this safety factor cannot be achieved or is exceed-
ed heavily, the program can optimise individual anchor lengths.

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

Ag,k 'yg S Apossk /yEp J
where Aposs k IS determined from the force polygon with permanent loads only, and
Ag,k Yy +Aq,k Yy SApossk /yEp '

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

e Ay = characteristic anchor force from permanent loads

e Ayk = characteristic anchor force from changeable loads

Here, too, optimisation with regard to a utilisation factor of 1.0 is possible.
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7.30 Verification of unreinforced concrete

7.30.1 Analysis to DIN 1045 (old)
To verify the unreinforced concrete the following data is required:

e beta(r)
designates the nominal strength of the concrete (see also DIN 1045).

e n-value
DIN 1045 states that a load distribution may be taken into consideration up to an inclination
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 transmis-
sion width, this allows calculation of the width to be adopted for the complete height when
verifying the unreinforced concrete.

Y

1L
Governing
widths

Figure 19 n-value and width for concrete verification

Verification of the unreinforced concrete is performed using the following relationship to DIN
1045:

allow. N=x-1/2,1-b - beta(r) - (1.0 -2 - e) [KN/m]
b = governing width of concrete

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

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

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

A = slenderness (for rectangular sections = si/b - V12)
sk = buckling length
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The buckling length sk in systems without anchors or struts results approximately from twice the
separation between the top of the wall and half of the embedment depth. For walls that are hori-
zontally restrained near the top by other engineering means (e.g. adjoining floor slabs), the single
separation may be adopted. The horizontal restraint can be specified using the "Wall top kept
horizontal" check box. In system which includes anchors or struts, sk is acquired from twice
(once) the separation between the top of the wall and the upper row of anchors (struts), or the
separation between the individual anchors (struts). The larger of these values is adopted. The slen-
derness A is recalculated for every section using the respective governing concrete width.

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 =work. N /allow. N

Verification of unreinforced concrete can also be performed using a partial section.

7.30.2 Analysis to EC 2/DIN 1045-1
The following verification is required to EC 2/DIN 1045-1:

NR,d:'(b'h'fm,d'(P)

where
Q= 1.14 (1-2etot/h) -0.02 |o/h
and
0< (OIS 1-2ewt/h

Where:

Nrg = design value of the acceptable longitudinal force;

b = width of section;

h = thickness of section;

fma =design value of concrete compressive strength

¢ = coefficient for considering the second order theory effects on the bearing capacity of
compression members of unreinforced concrete in immovably braced structures;

et = total eccentricity = eo + ea + e

eo = load eccentricity according to first order theory, where necessary taking the actions
from adjoining floors into consideration (e.g. bending moments as a result of fixity,
transferred from a slab to the wall), as well as the horizontal actions of wind e,, and
the additional unintentional eccentricity as a result of geometric imperfections. If
more precise data is not available, e, may be assumed at = 0.5 1,/200.

€, = eccentricity resulting from creep; generally, the e, component can be disregarded.
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7.30.3 Analysis to DIN 4093

7.30.3.1 Simplified analysis concept

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 og 4 do not exceed 0.7 - fn g and the design
values of the shear stresses e g do not exceed 0.2 - fg.

The normal stresses o g are determined assuming a linear distribution.
6ed = Med/W + Ned/A <0.7 - fma (no foundation gap)
Mg q = design value of the moment
W = section modulus

NEe,d = design value of normal force
A = cross-sectional area

6ed=4-Ned/(3-b-6-¢€)<0.7 - fma (foundation gap)
N4 = 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 e g iS given by:

TEd =15 Qed/Av<0.2 - fmg

Qke.q = design value of the shear force
Ay = cross-sectional area under shear loading

The characteristic value of the compressive strength of the underpinning body fik is determined
from load tests. The corresponding design value of the compressive strength fnqis given by:

fm,d =a- fm,k/’Ym

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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7.30.3.2 Analysis concept using principal stresses

In the analysis using principal stresses the design values of the load may not exceed the stress
states defined as allowable as shown in Figure 1 taken from DIN 4093.

T
04
L
O3 A ~
\?”
/ o
N AN
02 f, 77 , / \\
VWi | |
.| I
4/ T4 fm,d \\3 (o ey
01 f g 0,7 img
Legend
?a (consolidated spil) = @a (Unconsalidated soil)
tan gy = tan ﬁ*’r.@
¥ to DIN 1054:2010-12, Table A.2.2

Figure 20 DIN 4093:2012-08: Figure 1
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The normal stress oy is distributed linearly across the cross section. The shear stress t has a para-
bolic graph. The stress oy parallel to the cross section is approximately 0.0.

c, = f(x)

Schwerachse

Figure 21 DIN 4093:2012-08: Stresses in cross section
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Using the variables oy, ox and 7 the principal stresses 61 and o3 can be calculated for any point on
the cross section

Py

ay

Figure 22 DIN 4093:2012-08: Utilisation factor

Figure 22 shows Mohr's circle for a major principal stress. The utilisation factor 1 can be calculat-
ed using the radius Req Of this circle and the distance Rrq from the centre of the circle to the
boundary line.

M = Red/Rrd

7.30.3.3 Slenderness
DIN 4093:2012-08 stipulates that the slenderness A < 15, if no buckling safety analysis is per-
formed. EN 1993-1-1:2010-12 states that buckling safety analysis may be dispensed with if the
following condition is adhered to:

Ned/Ner < 0.10

Neq = design value of the normal force
N¢r = ideal bifurcation load for the governing buckling case

Ner = E-1 - @w?/si?
E = Young’s modulus of the body

| = moment of inertia
sk = buckling length

If the conditions:

a) slenderness A <15 and
b) Ned/Ner <0,10

are not adhered to, an analysis of the unreinforced concrete compliant with DIN 1045-1 may be
performed instead. The relationships in DIN 1045-1 include a buckling safety analysis.
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7.31 Construction phases

If you are investigating a number of advancing and retreating phases, GGU-UNDERPIN allows
you to display a results in summarised form. For any selected phase it is possible to display the
following conditions:

e envelope of moments;

e envelope of shear forces;

¢ envelope of normal forces;

e sum of deformations.

You can skip through the individual phases using the mouse.
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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:

Mew dataset

Praoject identification

Standard:

{* Partial safety factor concept [EC 7) Info EC ¥

(" Partial zafety factors [DIN 1054 2005
(" Global zafety factors (DN 1054 old)

Analyziz of unreinfarced concrete
" ToDIM 4093:2012-08

E quivalent wall

il
g il
& ToEC2/DIN 1045 7]
| Shear analysis to DIN 4093 simpiified =l 7]
General

[ Show excavation on right

| Do not investigate overturning
[~ Use absolute heights Dresign. |mHNN

[ Differentiate active + passive soll properties

[waith regard to: phi, gamma + gamma']

[ Equivalent wall compliant with EAB Bth Edition

[ Usze wall friction for bounded surcharges
W all friction angle delta k/phi = .50

EINE

ok,

I Cancel |

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). This can be particularly useful
when you are working with the menu items "Construction phases/Select files" and "Editor

2/Predeformation preferences"

. Using these program functions previously saved datasets are

appended to the current dataset. The existing project identifications are also shown in the appropri-
ate dialog boxes to aid file characterisation.
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In the next group box, the radio buttons are used to specify which safety concept to use for analy-
sis and design.

The default analysis of the unreinforced concrete is performed compliant with EC 2/DIN 1045-1
(see Section 7.30.2). By default the shear analysis is performed compliant with DIN 4093 using
the simplified equation 1e4 = 1.5 - Qga/Ay < 0.2 - fng. However, you may also calculate without a
shear analysis or, when applying EC 2, perform shear analysis using principal stresses compliant
with DIN 4093.

Alternatively, you can analyse the unreinforced concrete based completely on DIN 4093:2012-08
(see Section 7.30.3). This then also includes the shear analysis using principal stresses. Depending
on the system, analysis without principal stresses may return more favourable values. You may
therefore also deactivate this analysis.

Additionally, excavation 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 this check box is not selected, the top of the wall is assumed to
have a height of 0.0 and all further entries, depth of soil layers, for example, are positive down-
wards.

If your system uses differing soil properties on the active and the passive sides, activate the "Dif-
ferentiate active + passive soil properties” check box in the above dialog box. You will then be
presented with different input columns for entering the active and passive friction angle and unit
weight soil properties in the "Editor 1/Soils" menu item (Section 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).

In the lower group box, you can select the new regulations concerning the equivalent wall compli-
ant with EAB 6th Edition. The new regulations are described in "Bautechnik Issue 8 (2020)".

If the safety concept has been altered using the "File/New" dialog box, the dialog box for specify-
ing either the safety factors or the partial factors always opens after leaving the dialog box by
clicking "OK". These dialog boxes can also be accessed via the menu items "Editor
1/Verifications/ Safety factors" (see Section 8.2.15) or "Editor 1/Verifications/Partial factors"
(see Section 8.2.16). Verifications and safety factors can be modified at any time using the above
menu items.

8.1.2 "Load" menu item

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

8.1.3 "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. The file contains all system information. Loading again later creates exactly the same visuali-
sation as was present at the time of saving.
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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 ".ufg" 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, ".ufg" will be used automatically.

If the current system has been analysed at the time of saving, the analysis results are saved in the
file. This is especially necessary if you want to use the results in this file for predeformations on
other systems (see Section 7.20), or if you want to subsequently generate summaries of certain
construction phases (see Section 7.31). If your current system represents an intermediate con-
struction stage, it may be expedient to enter a further description of the file in "Project identifica-
tion", in the "File/New" or "Editor 1/Analysis options" dialog box (see Section 8.1.1).

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 information
on the current state of analysis, including the system data.

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

options.

Select output

| Output az graphics I
Output as 4501 |

Cancel |

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

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

Graphical table preferences

Page sizes
Page height [mm] 297 0
W
Page width [rnm) 2100 v Borders

Page marginz [mm]

Left: 500 Right: 200
Top: 200 Bkt 800

v Page marging

Oukput table marging

Idpper margin [mm] W
Lower margir [minm] W
Left marain [rnm] W
Right margin [mnm] W

Font
Fant size [mm] 25
Line zpacing 1.2
Header
v with headers Edit

Faoter

_ Edt |
v with footers E dit
|
|

Save | Load

You can define the desired layout for the output tables in various areas of the dialog box. 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 then click on the "Edit" button. You can then edit as
required in a further dialog box. You can save your settings for the graphical output table presenta-
tion in a "Protokoll.pin_ggu" file at the program level so that they are loaded when the program
starts. Using the "Load" button, the output table settings can also be subsequently loaded into an
existing file, including that of another GGU program.
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Footers

— Height + Font size

Height Foaoters [mm] I 0.0

o
Font zize [rm)] IT v with frame

— Tenxtz
7 Left justified ™ Centered " Right justified

1 I.-’-‘-.nne:-: 4.1 Output table

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

b I = v R [ U P B ]

|
|
|
|

Save | Load |

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

— Infa

— Offset
Qffzet for page number I 0

Qffzet for number of pages I 0

Canicel |

Automatic pagination can also be employed here if you work with the placeholders as described.
After closing the dialog box using "OK" the outi table is shown page by page on the screen. To

ut
¥

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

navigate between the pages, use the arrow tools E in the toolbar. 1f you need to jump to a

Current page = 5

Mew page: |5 vI

¥ To nomal view

(] 4 I Cancel |
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8.1.5.3 Button "Output as ASCII"

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. First,
define the state variables and displacements to be represented in the output table in a dialog box.
You will then see the following dialog box:

Print and export X

Output preferences

Edt | load | Save |
Page format | Header/footer | ™ Portrait
Fant zize [pts): IE_ v |andscape
Frint pages

From page no. 1 Offzet for page number:

o page no. lﬁ ID_

Cutput ko
Cancel | Frinter | File

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-
UNDERPIN.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-UNDERPIN to
GGU-STABILITY (GGU slope stability application). After clicking this menu item an appropri-

ate file (".boe™) can be generated with the required GGU-STABILITY version status.

8.1.7 "Qutput preferences” menu item

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

accordance with WINDOWS conventions.

8.1.8 "Print and export" menu item

You can select your output format in a dialog box. You have the following options:

"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 dia-
log box by pressing the "Output prefs./change printer” button.

Print and export X

Page sizes
COutput device: ddobe POF
COutput device [mm)] = = 297 ;p =210
Image [mm] «=4200;p=2970

Printer

COutput prefz. /change pnnter | Landscape |

Cutput preferences

Zoom factor: 1.000 Fit to page
Page overlap » [mm]; 0.000
Fage overlap v [mm]: 0.000

COutput of 4 pages [2 wide]

Print pages |1_ ko |4_
Mo, of copies

1 ar. | Cancel |

In the upper group box, the maximum dimensions which the printer can accept are given.
Below this, the dimensions of the image to be printed are given. If the image is larger than
the output format of the printer, the image will be printed to several pages (in the above ex-
ample, 4). 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 table representation on the screen, you will see a different dialog
box for output by means of the "File/Print and export" menu item button "Printer".

Print several pages X

Fage sizes
CDutput device: Adobe PDF
COutput device [mm] = = 210 ; p =297

Frinker
COutput prefz. /change pnnter | Partrait
Output
Mo, of copies: 1

Firgt page | 1 -
Last page | 4 -

[ Print main graphics:

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 "Output as graphics™.

e "DXF 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™ func-
tion of the respective application.

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

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 9.3).

Using the "Mini-CAD" program module you can also import EMF files generated using
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 X

[ Retain Mini-CAD lavers 7 |
[v Output global coordinates T |

0k, I Cancel |

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

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

e "GGUMIniCAD"
allows export of the graphics to a file in order to enable processing in the GGUMIiniCAD
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 print (3)

Print | Printer | Cancel |

Add | Delete all | Delete |
File lit:

C:AGEU-Software’

CAGGEU-Software\Spstem 2 ufg
C:AGGU-SoftwarehSestern 3 ufg

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

The "1, 2, 3, 4" menu items show the last four files worked on. By selecting one of these menu
items the listed file will be loaded. If you have saved files in any other folder than the program
folder, you can save yourself the occasionally onerous rummaging through various sub-folders.
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8.2

Editor 1 menu

8.2.1

8.2.2

"Analysis options" menu item

Using this menu item, you can edit the default preferences of the current system. The dialog box
corresponds to the box in the menu item "File/New" (see descriptions in Section 8.1.1).

"Excavation"” menu item

A dialog box opens for defining the excavation:

Excavation

Excavation baze [m] IT
Groundwater [right] [m] IT
Graundwater [left] [m] IT
Distributed load [kN/m] | 1m0

Type of distrbuted load:
Companent = 10.0 kN/wé changeable j

FPazzive zide
Digtributed load [kM /mé] .00

Cancel |

In the upper group box, enter the depth of the excavation level and the groundwater levels. If you
want to use the program to analyse a footing in which it is not necessary to consider support for a
terrace, enter 0.01 for the excavation base.

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 reference to this value.

If the height of a previously defined system is subsequently set to absolute heights, a query follows
after leaving the dialog box above asking for confirmation of whether soil strata and defined ele-
ments such as anchors, for example, should be adapted to the new wall. Adaptation would mean
that the depth of a soil layer entered as a positive value would be converted from, for example,

7.5 m to an absolute height of -7.5 m AD. If, then, you only convert your system to [m AD], do not
select any elements in the query box and press the "OK" button.
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Moreover, a distributed load can be defined. 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. Additionally, you can define a distributed load on
the passive side.

If you are working with the partial safety factors used in DIN 1054 (new), decide whether the
distributed load is "Permanent”, "Changeable" or the "Component above 10.0 KN/m?2 changea-
ble" (see the following dialog box). "Component above 10.0 kN/m2 changeable" means, for
example, that for an input of 13.5 kN/m2, 10 kN/m2 are adopted as permanent and 3.5 kN/m2 as
changeable in the analysis.

8.2.3 "Body (general)" menu item

Enter the loads and geometry of any footings. A more detailed description can be found in "First
steps using worked examples" in Section 6.4.

When using the partial safety factor concept, the loads are entered separately as "Permanent (g)"
and "Changeable (g)" loads (see Section 6.4).

8.2.4 "Body (geometry)" menu item

Enter the geometry of the underpinning body. A more detailed description can be found in "First
steps using worked examples", Section 6.5.

8.2.5 "Concrete" menu item

Enter the properties for the concrete and for verification of the unreinforced concrete. A more
detailed description can be found in "First steps using worked examples™ (Section 6.6) and in the
"Theoretical principles” (Section 7.30).
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8.2.6 "Berms (active side)" menu item

You can define a maximum of 40 berms on the active side.

Active berms

Done | | | Cancel |

1 berms to edit |
N Left Right Delta h Surcharge Live
D [m] [m] [m] [kM /] load
T |tooo | 2000 | 080 | 000 N

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:

B soil properties

LCancel Sort Load Save

Edit number of zoils Commar oils
Dezignation Baze gam gam' phi clal clpl dial/phi | dipl/phi | k [m/s] k. [m/s] Ez
[mn] kM) | [kMAre®] | [7] [kMAre] | [kMAE] | [ [-] Left Right [kAM AriE]
1 |5and E£.50 14.0 10.0 3248 oo oo 0.aa0 0.a00 1.00E-4 1.00E-4 100

Using the "Common soils™ button, you can easily select the soil properties of many common soils
from a database or determine intermediate values. In the dialog box, which you open by pressing
the "Common soils™ button, open the "Soils_english.gng_ggu" file when first starting the program
in English ("Edit table"/"Load" buttons). Then save the data set in the "Soils.gng_ggu" file on the
program level 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" func-
tion 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. It is only necessary to enter
permeabilities if hydrostatic pressures must be considered, and any hydraulic gradients, using flow
conduits (see Section 7.7.2).

If you have activated the "Differentiate active + passive soil properties” check box in the dialog
box in "File/New" or "Editor 1/Analysis options”, you can enter differing friction angles and unit
weights for the active and the passive sides (see dialog box above).

In stratified soils the number of layers must be entered under "Edit number of soils". Clicking the
"Sort" button sorts the soil layers according to depth; however, this is performed automatically
when you click "OK" to leave the dialog box. This eliminates the possibility of input errors.

You can also use this function to eliminate a soil from the table.

Simply assign the soil to be eliminated a greater layer depth and then click the "Sort" but-
ton. The corresponding soil is now the last soil in the table and can be deleted by reducing
the number of soils.
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8.2.9 "Type of earth pressure” menu item

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

Type of earth pressure

— General

¥ |ze active earth pressue
7 Use at-rest sarth pressue

" Use increased active earth pressure
Felationzghip: [1.0 - factor] - kak + factar - kO

Factar [-] I 050

— Area lnads

% |ze active earth pressure for area loads
" Use at-rest earth pressure for area loads

{7 se increased active earth pressure for area loads

Relationzhip: [1.0 - factor] - e(active] + factor - e[at-rest]

Factar [-] IW
Cancel I

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:

i+ [DIM 4085
" Culmanm ?
" User-defined [not recommended) ?

Equivalent ep coefficient

[v Usze equivalent ep coefficient

Equirvalent kah [-] 0.200

[v Equivalent ep coefficient with phi = 40° -

[v  Mirirurn earth pressure and distibuted load compliant with EAE - 2 | EB B
[v¥ Suppress negative active earth pressures

lv Additional ordinates at 0.5 m spacing

Surcharge factor for active earth preszure

Surcharge factor [-] 1.0000 ﬂ
cace |

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

The "Use equivalent ep coefficient" check box should only be deactivated in exceptional circum-
stances (see EAB R 4). The equivalent earth pressure coefficient can only be smaller than 0.2 in
special circumstances (see EAB R 4). It only makes sense to deactivate this check box when re-
examining existing analyses (for instance, all the examples used in the Piling Handbook). Alterna-
tively, the equivalent earth pressure coefficient can be defined by means of a friction angle phi =
40°. This procedure also takes the defined wall friction angle into consideration.

A few applications on the market also provide the option of a general increase in active earth pres-
sure, apart from certain forms or earth pressure redistribution. To be able to check calculations
performed with such an application, GGU-UNDERPIN also offers this possibility.
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8.2.11 "Passive earth pressure" menu item

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

Pazsive earth pressure after:

¢ DIM 4085:2017 £ Culmann

" DIM 4085:1987 " Mohr/Coulamb [root)

" Streck " CaguotiEensel

" Uszer-defined ﬂ

" DIM 4085:1987 /Caquatdk.enzel ﬂ
Partial factor, ...

Partial factor pazsive ep [sliding] 1.40
Pazzive ep factor [beanng cap. /pressure ling) 0.50

Pazzive ep calibration factor 1.00

[Calibration factor <= 1.0 zee DIM 1054 10.6.3 [4])

Special preferences

[ Limit pazsive earth pressure

bax. pazsive earth prezsure [kH/mé]: 100.0

[ Pazzive ep <=FACTOR - active ep

FACTOR [} 1.000

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

According to R 14 and R 19 of the EAB, the location of the earth pressure resultant for a free earth
support can, under certain conditions, be adopted higher than for classical earth pressure theory. If
you analyse using the global safety factors, specify the necessary settings in the central section of
the dialog box. The value of the safety factor for the passive earth pressure can also be specified
here.

If you have selected partial safety factors, enter the partial factor for passive earth pressure in the
dialog box and the calibration factor in accordance with the information in DIN 1054:2005/EC 7.

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
line.
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8.2.12

"At-rest earth pressure" menu item

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

k0/kah in compliance with DIN 4085 Section 6.4.3.

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

dialog box, if the upper check box is activated.

At-rest earth pressure

Handling area loads for at-rest earth prezsure

Area loads uzing theory of elastic half-zpace
Concentration factor for area loads

(" (+

'3 for overconzsolidated cohesive soils
‘4" for non-cohesive and non-
overconsolidated cohesive soilz

| Abrest ep constant from lowest anchor

Cancel

" Area loads using theory of elastic half-space

*  frea loads by increasing using the factor k0/Akah

2]

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

by selecting the check box at the bottom of the dialog box.
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8.2.13 "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-UNDERPIN will convert them for sloping ground using equation values for Kano und Kanp
(see "Theoretical principles/Berms", Section 7.8).

User-defined ep coefficients

Foar. | Back | Eanu:el| Done I Info |

Compute values |
Mo kagh kach kpgh kpch phi [a/p] [7]

1 | 03333 | 11547 | 30000 | 34641 32.5/325

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

The earth pressure coefficients entered here are only adopted if the "User-defined" check box is
activated in "Editor 1/Active earth pressure" and/or in "Editor 1/Passive earth pressure" menu
items (see Sections 8.2.10 and 8.2.11).
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8.2.14 "Groundwater" menu item

Regarding adopting horizontal water pressure you are referred to the explanations in Section 7.7.

Water pressure approach + hydraulic gradient

Harizontal water pressure approach:

* Clazsical " with fow conduits

Hydraulic gradients i to be considered on the:
[ Active side
v Passive side v Incl. bearng capacity

Accaording to EAR, B 63, the hudraulic:
gradient on the pagsive side must be considered.
[t may be ognored on the active side.

Conditior: ‘gammalsail] - i - gammalw) »=0.0°
v  Adhere to

Cancel

The underpinning walls of an excavation in flowing groundwater will experience increased earth
pressure on the active side and decreased earth pressure on the passive side. In accordance with
EAB R 63, the effect on the active side can generally be ignored, while the effect on the passive
side must always be taken into consideration. You can make the appropriate selection in the bot-
tom dialogue group box.
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8.2.15

"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

Hydraulic heave
FO3 = 1.50 v erify

Buoyancy

FOS = 1.10 [ ".'."E[ify

'Deep-seated stability
FOS = 150

Sliding zafety

[v Werify b DN 1054
[ Sliding safety without pazsive ep Tyl{u]

[ Friction angle in base plane [7] = 30.00

Bearing capacity

FOS = 200 v erify
[ Bearing capacity with depth factar Info
v Check and comect 57 condition

Decrement [*]: n1n Irfo

v Top of bearing cap. failure body parallel bo slope

Cancel

Then enter the safety factors for the individual verifications. The program's default values in the
box are those required by the EAB. If you do not want the program to perform the verifications,
the corresponding check box must be deactivated. Pressing the two "Info" buttons, you will see

further information.
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8.2.16

"Verifications/Partial factors” menu item

Verifications/Partial factors preferences

Actions/Fesiztance
Dezign situation: |D|N 1054: DS

Permanent achons:

_| —
[ ]
[ Bl )

Permanent actions [at-rest epl:

Changeable actionz: 1

i
=

v  Abways design strut for DS-P [1.3541.50)

Paszzive earth prezsure [zliding] 1.

=
[}

Pazzive ep factar [bearing cap. /pressure ine] | 0.50

[}

FPazzive ep calibration factor 1.0
Bearing capacity

v “Yerify [+ TorewDIMN 4017

gammalbearing capacity): 1.40

[ Bearng capacity with depth factaor

[v Check and corect 5 condition

Decrement [°]: n1n

v Top of bearing cap. failure body parallel bo slope
Sliding
v erify

garmmalzliding) 1.10
| Friction angle in base plane [*] = 30.00

Serviceability verification
[ Sliding safety withaut passive ep

v  Serviceability verification

EQU analysis
W Verify gammalG.dst]: 1.10
qarnrmalG,sth); 0.an garmmal[d, dst]: W

Default walues

ToDIN 1054:2010 | To GNORM EN 1357 |

Ok | Cancel

BB S

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

The "EQU analysis" group box (limit state of loss of static equilibrium) is only available in EC 7.
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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 load case designations were altered for
the EC 7 partial safety factor concept:

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

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

e Load Case 3 is now DS-A: Accidental Design Situation
In addition, there is a seismic design situation (DS-E). In the DS-E design situation all partial fac-

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

8.2.17 "Buoyancy + Hydraulic heave" menu item

If you have selected the partial safety factor concept, you will see a dialog box, using this menu
item, in which you can activate the verifications for hydraulic heave and the buoyancy of the exca-
vation base.

Partial safety factors X

v Merify hpdraulic heave'
v erify 'baze buopancy'
Wwheight
Fawvourable permanent actionz: 095

D05-F: 0.95/D5-T: 0.95/05-4: 0.95/05-E: 1.00

Buoyancy [pwp]
IInfavaurable permanent actions: 1.05

DS-P: 1.05/D5-T: 1.05/D5-4: 1.00/D5-E: 1.00

Huydraulic heave

Flow force:; 1.45 [ |

Fawvourable subzail: DS-P: 1.45/D5-T: 1.45/D5-4: 1.25/D5-E: 1.00
Infavaurable subsal: DS-P: 1.90/05-T: 1.90/05-4: 1.45/DS-E: 1.00

Default values
TaDIM 10542010 | To OMORM EM 19971

] | Caricel

If you press the "Info" button, you will see further information on the subsoil situation (favoura-
ble/unfavourable).
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If you press the "Info" button, you will see further information on the subsoil situation (favoura-
ble/unfavourable). In the "Default values™ group box the partial factors for the various load cases
and subsoil conditions given in the DIN 1054:2010 and in the EC 7 can be selected by means of
the dialog box reached by clicking the "To DIN 1054:2010" button. In addition, it is possible to
select the partial safety factors compliant with Austrian standards using the "To ONORM EN

1997-1" button.

8.2.18 "Seismic effects” menu item

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

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

Seismic effects X

Congideration of seizmics

[
-
[
™
-

Use DIM EM 1333-5 Dec. 2010

Harizontal lnading from rigid structure
Haorizontal loading from kh - zelf-weight [wall]
Modify earth prezsure coefficients [EC 8]
Madify earth prezsure coefficients [EAL 13390)

Input
kh =

ko =

ah/g [horizontal] [-]: | 0.000
awsg [vertical) []: | 0.000

[ah = harizontal seizmic acceleration in m/s2]
[av = wertical seizmic acceleration in msss]

[0 = gravitational acceleration = 9.81 m/s?]
Info

kh =01 == Building damage

kh =02 == Seniouz building damage

kh =08 == Devastating

kh =1.0==+ Complete devastation

Cancel

o

Info
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8.3 Editor 2 menu

8.3.1 "Lateral pressures" menu item

If, in addition to the diverse possibilities for determining earth pressure on the wall, you also need
to take additional surcharges on the active side into consideration, define them here.

Lateral pressures

Daone I Fanw. | Back I Eann::ell

1 lateral pressures to edit I

Mo top [m] bottam [m] & [top] [kM/Amé] & [battarn] [kM /e Live

1 |1.EIEIEI |2.EIEIEI I 10.00 I 20.00 |

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 the new partial safety factors you will also see the
"Live" check box because of the differentiation between permanent and changeable lateral pres-
sures.
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8.3.2 "Area loads" menu item

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

Area loads
Dione I Foara. | Back | Cancel |
1 area loads to edit | Loads with limited plan dimenzions |
plv] plhl wlleft] wlright] Depth .
N kavE] kN [rn] [rr] Type Live
1 [1000 [o00 o000 | 1.000 [0000 | Triangle (max. top) xl

The "x area load(s) to edit" button allows you to determine the number of area loads to be con-
sidered. Subsequently you can enter the sizes "p(v)" (= vertical) and "p(h)" (= horizontal), the
ordinates and the "Depth" of the area loads. You must also enter the "Type" (wall pressure shape)
of the resultant horizontal forces on the wall (see "Theoretical principles”, Section 7.9).

Use the "Loads with limited plan dimensions" button, to define such loads (see also Section
7.10):

Loads with limited plan dimensions

Loads with limited plan dimensions can be reduced
compliant with “'Filing Handbook" Figure 4.20 [page 64] or DIM 4085201 7-028
[page 17].
Wherebw: plhew] =p- b/A2 - a+h]
b = wadth parallel to wall
Filing Handbook 1977 a = distance of front of zurcharge from the wall
DIM 4085:2017-08: a = distance of rear of surcharge from the wall

A nurber > 1 can be advantageous far a long stip load.

pl] [kMAmf]: 100.000
plh) [kMAmf]: 0.000
wlleft] [m]: 1.000
w[right] [m]: 5.000
b [rn]: 0.500
Drepth [m); 1.000

Mao. af subzections

L

Type of load: I Rectangle LI

[T Delete cunent loads

Analyze campliant with: IDIN 4085201703 j

Caticel |
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8.3.3 "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

Daone I Fanw. | Back | Cancel Sart

1 bounded surcharges to edit |

Mo p w[left] Depth .
KN/#] [ ] ive
1 | ooo |oooo oo r

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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8.3.4 "Double-bounded surcharges"” menu item

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

Double-bounded surcharges

Done | Fornw. | Back | Canizel | Sort | Control parameter

| o

Generate triangular load | Loads with limited plan dimenzsions

[ double-bounded surcharges to edit |

Mo plw] w[left] w[right] Depth .
Nl o] i [m] Live

The number of surcharges can be edited using the "x double-bounded surcharges to edit" button.
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 10 in Section 7.10) may be adopt-
ed at its full value for the bounded surcharge with the negative sign has not yet been conclusively
clarified. This can be influenced using the control parameter:

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

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

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

Point loads

Done I Fanw. | Back | Cancel

1 point loads to edit |

Mament pozitive clockwize
Hornizontal force positive ko right
Yertical force positive dowrwards

Mo Depth [m] b [kM-mdm]  H [kMN/m] W [k ] Live
1| 000 | 000 | 1500 | 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 differentiation
between permanent and changeable loads.

8.3.6 "Displacement boundary conditions" menu item

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

Displacement boundary conditions

Fan. Back Cancel | Done I

1 dizplacement BCz to edit |

v pozitive ko the ight
vy pozitive dowrwards
phi pozitive clockwize

Mo Depth [m] Size [m ar radian]

1 I 200 IEI.EIEIEIEIEI IHDtatianhi vI

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

"Anchors" menu item

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

Done | Fanw. | Back

Load

1 anchors to edit |

Save

L GR = length of grouted section [for graphics only)

* [m] ['] [m] (kN /] (]

H DM = hieight of deadman [deep-zeated stability verification)

Depth  Inclin.  Length  E& H D

1 |00 |50 |800 |2100E+7 000

It is necessary to enter the following information:

e Depth [m] = position of anchor head

¢ Inclination [°] of anchor

e Length [m] of anchor

o EA [KN/m] = Axial stiffness of the anchor steel
e H DM [m] = Height of the deadman (if present)

This value is only necessary for analysis of deep-seated stability.

e L GR [m] = Length of grouted section!!!.

This value is of no importance for the analysis itself, but for the graphical visualisation. The

length labelling of the anchor includes half the length of the grouted section
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8.3.8 "Struts" menu item

Struts are defined in this dialog box.

Done I Fanw. | Back I Cancel | Load |

1 ghrutg to edit | Sort | Save |
Mo Depth  Inclin.  Length E& El W load Hinge Ma. of
" [m] [] [mn] [kM frn] [kM-mEdfm]  [kM s m] rods

1 [os0 [s0 [s00 [z100E+7 [2100E+7 [000 W ves 100

It is necessary to enter the following information:

e Depth [m] = position of the strut head

¢ Inclination [°] of the strut

e Length [m] of the strut

e EA [KN/m] = Axial stiffness of the strut

e EI [KN-m?/m] = Bending stiffness of the strut
e Vload [kN/m2/m] = Vertical load on the strut

e Hinge
Here you specify whether the strut is hinged or rigidly fixed to the wall.

e No. of rods
If you have defined a vertical load on the strut, you will also get its distribution of mo-
ments. Of course, this only works if the strut is divided into a number of rods (finite ele-
ments, see Section 7.15). The maximum number of elements that can be specified is 20.
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8.3.9 "Pretensioning” menu item

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

Pretensicning

Foara. | Back | Cancel | Done |

Depth Fretenzioning
[m] [kM /m]

1 0.50 | ooon

Anchar nao.

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

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

The same applies to struts.

8.3.10 "Groundwater potentials" menu item

You can define additional potentials anywhere along the wall (see Section 7.7.2).

Groundwater potentials

Fan. Back | Cancel | Done |

2 potentials to edit |

Ma Depth [m] Walue [m] Left/Right

1 £.000 8.000 v Right
2 6.000 8.000 [ Right

In the above example, potentials of 8.0 m have been entered for 6.0 m below the top of the wall on
either side. Additional potentials are only taken into consideration if you selected the water pres-
sure approach using flow conduits (see Section 7.7.2).
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8.3.11 "Settlements" menu item

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

Settlements x

[v Calculate setlements

Limiting depth
" Limiting depth with a fied walue of t

t[m b FBI: 5.000
" Limiting depth with = - b'
b 2.000

{* Limiting depth with p&

P 20.0

v Settlerments az a result of permanent loads

Preconsolidation [kM./mé): | 0.000

Increments [m); | 0100
Cancel

EllEIE

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 performed
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/m2 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 al. The "Increments" are
only important for the graphical visualisation of the stress diagram.
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8.3.12 "Deep-seated stability" menu item

Using this menu item, you can select the intersection with the wall manually and enter an appro-
priate depth.

Verify deep-seated stability

| nterzection with wall

| Intersection with wall 'manually’
Depth of intersection [m]: 2.000

Analyziz for increazed earth prezsure/at-rest pressune

Iv¥ Forincreazed earth pressure/at-rest pressure with active ep

v ki
Cancel

In the "Analysis for increased earth pressure/at-rest pressure" group box you can define
whether the deep-seated stability analysis should be done with active earth pressure or alternative-
ly, the partial factors DS-P/T should be used.

EAB R 44 stipulates that this must also be used for increased or at-rest earth pressure to analyse
deep-seated stability. In addition, the partial factors for DS-P/T (LC1/2) must be adopted. In the
DS-P/T load case the partial factor for passive earth pressure is 1.35. Only when the 'normal’ par-
tial factor for the passive earth pressure is greater than 1.35 DS-P/T is adopted.

The partial factors for the actions to DS-P/T are around 5% greater than those to DS-T. Simplified,
but conservatively, the anchor forces are multiplied by the factor '1.05". R 44 does not always re-
turn higher utilisation factors.
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8.3.13 "Predeformation info" menu item

You will see information on predeformations.

8.3.14 "Predeformation preferences" menu item

If predeformations from previous construction phases must be taken into consideration as bounda-
ry conditions (see Section 7.20), the necessary settings are made here.

Predeformations

— Manual entry of predeformations
[T Consider manually entered predeformations

Edit predeformations

— File entry of predeformations
¥ Consider predeformations imported fram file

Rezult file with predefarmations:

Browse and select file name |

¥ Show predeformations

Cancel |
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Predeformations can be defined in two different ways:

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

Foara. | Back | Cancel | Done |

[predeformation positive ta right]

Anchor no. Depth Fredeformation

[m] [m]

1 0.50 | 000000

In the dialog box that appears you can enter a predeformation for every currently defined
anchor.

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

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

In the bottom section of the dialog box you can choose whether or not to have the loaded prede-
formation data shown on screen. If you choose to have it shown, the system graphics show the
system's bending line with predeformations.
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8.3.15 "Anchor steel design” menu item

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

Anchor steel design X

[ “erfy automatically after each analysis

YWhich steel?
{*  Find optimum steel

" Design using 'St 157041770 2 Litzen 06"

Anchor zpacing [m]; 200

Edit anchar steels | Anchar steel design

Cancel

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

For an analysis using global safety factors you must then enter the factor for the anchor steels
which for active earth pressure = 0.0 and for loading solely by at-rest pressure = 1.0. Intermediate
values can be linearly interpolated. FOS equals 1.0 for pretensioned anchors.

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

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

The "Anchor steel design™ button only appears if the system is already analysed!
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8.4 System menu

8.4.1 "Info" menu item

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

8.4.2 "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.

8.4.3 "Depth subdivisions" menu item

GGU-UNDERPIN uses the finite element method, which requires the system to be divided into a
number of finite elements (rods) (see Section 7.15). You can specify the size of these depth incre-
ments for the region above and below the excavation base.

Depth subdivisions X

The program emplaoys FERM methods to calculate earth
prezsures and state wariables at certain intervals,

bt alwaypz at layer boundariesz, anchor points, eftc.
Depth increments can be specified by the uzer.

Small depth increments give improved accuracy

at the cost of longer analvsiz times.

Large depth increments result in less precision,

but reduced analysiz duration.

Diepth increments to excavation bage: | 0.050
Depth increments below excav. bage: | 0.080

Cancel
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8.4.4

8.44.1

"Analyse" menu item

Start dialog box

Once you have entered all data required to fully describe the system it can be analysed. After go-

ing to the "System/Analyse™" menu item a start dialog box, divided into three group boxes, opens
(see below for descriptions). You can also initiate the analysis using the [F5] function key and see
the same start dialog box.

Analyze wall x

Tywpe aof ko pivat;
* Toeis fully fixed

Type of ep redistribution
(* Do not redistibute

8.4.4.2

" Toe freely pivaoted ™ EAB 1988
" Bage iz embedded " EAB 2012
Subgrade modulus ks [kNAve]: ™ Rectangular
IW " Birectangular Freferences
£ Triangular Freferences
Special preferences £ Trapeznidal Preferences
[ Redishibute ep to toe baze " Quadrilateral Freferences
[ 2nd order theany O User-defined Freferences

] | 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 graph-
ically on the screen. The system data can be saved in a file, together with the results (menu item
"File/Save as", Section 8.1.4). If your system represents an intermediate construction stage, it may
be expedient to enter a further description of the file in the "Project identification" field, found in
the "Editor 1/Analysis options" or "File/New" dialog boxes (see Section 8.1.1).

"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 anchors or struts. In such cases,
the toe is always fully fixed.

In systems with anchors or struts, 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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8.4.4.3 "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.

Furthermore, you have the option of having the analysis performed according to "2nd order theo-
ry". This entails iteration, which increases computation time.

8.4.4.4 "Type of redistribution" group box

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

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

e "EAB 1988" and "EAB 2012"
Redistribution diagrams are given as a function of anchor positioning in EAB 1988 and
EAB 2012. The program selects the appropriate redistribution from these diagrams. 1f no
agreement is found an appropriate error message is shown.

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

@
=3
c
-}

Figure 23 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 24 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 25 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

IWI Fora. | Back | Cancel |
B point[z] ta edit | Sart

Mo, Depth [m] eah' [-]

1 wiall top | 1.0000

2 [Tomg ETT

3 [Gow0 T

4 [as0 TG00

s [Gso00 MEo000

6 Excavation base | 2.0000

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 computa-
tions, earth pressure will be redistributed in exactly the area defined by the polygon you
have created. Using the example in the above dialog box the following diagram is obtained:

01

3 6

\
~—7

T

0

— ¥
4{

2

Figure 26 User defined earth pressure redistribution
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8.4.5 "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

(" Automatic graph positioning
{+  tanual graph positioning

kanual graph positions

k. | Cancel

Graph name w [m] "Width [m]
"Waker pressure, . | 0.00 | 2.00
Earth prezsure | 500 | 200
b arnent |'IIZI_EIEI | 2.00
Horizental force |15_EIEI | 2.00
Yertical force |2IZI_EIEI | 2.00
Displacement | 25.00 | 2.00

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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8.4.6

"Graphics output preferences"” menu item

Among other things, the screen graphics consist of several graphs, presenting depth-oriented re-
sults. This menu item opens a dialog box which allows you to visualise the selected state variables
on the screen by activating the corresponding check boxes.

Graphics output preferences X

W ater prezentation
" Maone '  [Diff. water pressure
" Paore water pressurel
" Gradient [~ EP+pw

E arth pressure and state variable hatching

[v Fixed spacing Spacing [mm] =

Prezentation of action effects, etc.
| Earth pressure Iv taoment
[~ Displacement I ertical force
v Arealoads

[ Settlerments

[v Deep-seated stab,
I Logarithric spiral

Dizplay [earth prezsure]:

[ d W [g+alk T gk
Dizplay [state warables):

[d [ od v (g+glk
Digplay [dizplacement]:

[ d [~ ad ¥ [g+glk
v

Load prezentation
Prezentation height [m]:

0.300
20

Paszzivedactive earth pressure oversizing [-]:

[ Same height for all

Hatch separation [mm]:

Show system

Show results

Cancel

20

Iv¥" Hoarizental force

[+ Soi pressures

[ gk
[ gk [ gk
[ gk [ gk

Load ‘hatching':

['with hatching v

Mo

Strut variables: | b ornent

=}

[v Only dizplay water pressure if water pressure <> 0.0

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

You can also specify hatching and the presentation height of loads. If the "Same height for all"
check box is not selected, load visualisation is based on load size, the height of the presentation
indicating the maximum load.

Leave the dialog box by pressing "Show system”. If the system has already been analysed, you
can leave the box by pressing "Show results" and then view the result graphics on the screen.

When you are working with a particular construction phase the following dialog box appears:

Show construction phases

State wariable prezentation

[v Dizplacement v  Moment

[v Harizental force W Vertical force

Cancel |
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8.4.7 "Labelling preferences" menu item

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

result graphics.

Labelling
| Label active berms [v Show slope of active berms
-
[ Label loads [ Label bodies
[v Show loads [area of influence)
I Label lagarithmic zpiral [v Label stress distibution
v

Labelling [&nchor / Struts]

Decimal places [dizplacement]:

Diztributed load labelling: " Left

“Width of grouted section [m]; 0100

2k | Cancel |

Label pazzive berms | Show slope of passive berms

Show anchar steels [v  Show anchaor lengthsdinclinations

R

Groundwater labeling [left): m
Groundwater labeling [right]: m
Anchar labeling: m
Font zize [mm] W Force arrow factar [-] W

In the dialog box, you activate the required check boxes and select the preferences for alignment or
font sizes. In addition, groundwater labelling and the width of the graphical visualisation of any

grouted sections can be edited.
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8.4.8 "Body pens + colours” menu item

The underpinning body is visualised with a multitude of graphic elements (centroid axis, pressure
line, kernel widths, etc.). Individual elements of the visualisation can be subdued, the pen types
(dashed, dotted, etc.) and fill colours changed.

Colours + pens

— Show 'body graphics'

| Pen tppes for kermel widths ete. I

¥ Show 12t kernel width
Show 2nd kermel width

Centroid awiz

Show prezsure ing(D)

'n-region’ [T ‘mregion’ coloured

v
v
v Pressure linen
-
o
v

Load tranzmission

IInderpinning body colour |

Load tranzmizsion colour |

] | Cancel |
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8.4.9 "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.

Harizontal dimenzion ling

lv Display Decim. places: |2_

Font zize [mm]: | 210
o pozitian [m]: |-2.|:||:|
YWertical dimenzian line
[ Dizplay Decim. places: |2_

Font zize [mm]: | 20
w pozitian [m]; |-2.EIEI

Cancel

The distance to the underpinning body is defined by means of the "y position™ for the horizontal
dimension line and "x position" for the vertical dimension line. Negative values define a position
above or to the left of the underpinning 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.

8.4.10 "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 long-
er shown. If you want to view all the system data without state variables, clicking this menu item
will enable you to do so.

8.4.11 "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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8.5

Evaluation menu

8.5.1

8.5.2

8.5.3

8.5.4

8.5.5

8.5.6

8.5.7

General notes
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.

"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.

"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.

"Anchor and strut summary” menu item

Here the design values for all the system's anchors and struts are shown in a message box.

"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.

"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.

"Sliding safety" menu item

The calculated sliding safety is displayed in a message box.
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8.5.8 "Deep-seated stability summary" menu item

After the state variables have been calculated by the program, and depending on the safety factors
selected, the deep-seated stability safety factor or the utilisation factor of any anchors is automati-
cally determined

Deep-seated stability FOS

k. | Fane. Back

Start point of glip plane in wall area = 3.00 m

tBhad=aAhgk *gamma,g and Ah,g+g.d=ahgk ® gamma,g + dh.gk ¥ gamma,q

Fozz Ah.g.d = Poss dhglk / gammaEp and Possz Ah,g+gd = Poss dhg+gk # gammaEp
mue = Utilization factor <= 1.0

Ma Depth Length  Ahg+qd Pozs Ahg+qdmuzlg+g]  Ahgd  Posz Ahg mueg
[mn] [mn] [EMAm]  [kMim] [-] [kMAm]  [kMim] [

1 0.50 8.00 136 105.7 0124 136 1057 0.128 Optimise

In addition to the information regarding the anchors, the critical safety factor or the utilisation
factor for deep-seated stability for each anchor is given. In the example shown here, the anchor has
a safety factor which is higher than the required value of 1.5. Select the "Optimise" button to op-
timise the length of the anchor.

Optimise anchor lengths

Anchar length increment [m]; W
Minimum anchor length [m; W
M axirurn anchor length [m]: Im
Current anchor length = 8.00

v Search completely

Dptimization can be cancelled during calculating
wzing the right mouse button.

Cancel

By activating the button "Search completely" the optimum is searched for between the minimum
and the maximum anchor length (recommended setting!). Otherwise, an optimum is searched for
based on the current neighbouring anchor lengths. Because interaction occurs between anchors if
more than one anchor is involved, it is possible for other anchors to fall below the required safety
factor during the optimisation. These anchors must then be subsequently optimised.
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8.5.9 "Hydraulic heave FOS summary" menu item

You obtain all data relating to verification of hydraulic heave safety (see Section 7.27).

8.5.10 "Buoyancy FOS summary" menu item

You obtain all data relating to verification of buoyancy safety (see Section 7.27.1).

8.5.11 "EQU analysis" menu item

All available information on the EQU analysis (limit state of loss of static equilibrium) is dis-
played in a message box.

8.6 Construction phases menu

8.6.1 General notes

When the system you are working on consists of a number of construction phases, each phase must
initially be calculated separately, and the results saved in corresponding files (see Section 8.1.4).
Subsequently, from this menu, you can combine the different file contents. The following graphics
can be created:

e envelope of moments,

e envelope of horizontal forces,

o envelope of vertical forces,

o sum of displacements as a new bending line.

The resulting graphic is displayed in the current system. The "Construction phases" menu will
only work with the results from the files compiled using this menu.

8.6.2 "Info" menu item

You will see information on the options provided by the "Construction phases™" menu.
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8.6.3

8.6.4

"Select files" menu item
Using this dialog box you can compile a list of files to be summarised. A total of 15 files can be

loaded into the list. The files must be saved together with the analysis result data, otherwise an
error message appears.

Construction phase files X

OF. | Farw. | Back | Load | Save | Dizplay |

Mo, File D ezcription/Final construction phaze
1 C:h. MSystern 1.ufg | * Consistency 1

2 C:h MSystemn 2.ufg | " Consistercy 2

3 Erowse and select file | .

4 Browsze and zelect file | '

3 Browsze and zelect file | '

B Browze and zelect file | B

7 Browse and zelect file | .

8 Browse and select file | .

The current system results are not displayed automatically. They must first be saved as a result file
and then be loaded into the file list. The currently loaded system serves only to redisplay the exca-
vation, which is displayed in the graphics in addition to the summarised results. You can move
through the list using "Forw." and "Back". Using the "Save" button the selected files can be saved
in order to be loaded into the application at a later session. If you save the current system, the file
names will also be saved in the dataset. Using the "Display" button, the summarised files will be
displayed on the screen.

After clicking one of the "File" buttons, the desired file can be selected. The button is then labelled
with the file name. The project identification is shown after this (in the example above "Phase 1",
"Phase 2"). If you need to remove a file from the list, click on the button with the file name and
select the "Cancel" button from the file selector box. The file sequence should correspond to the
construction phase sequence. The radio button behind the file name serves to indicate up to which
file the summary should be displayed.

There are two arrow icons E in the toolbar (see Section 8.7.6). These allow to easily switch
between the individual construction phases, facilitating an animation-like visualisation of the
bending line in the individual construction phases. Of course, the arrow icons only work if files
have been selected and you have left the dialog box using the "Display" button.

"Display summary" menu item

If the system graphics or the results of the current analysis are actually displayed on the screen,
this option will switch to a visualisation of the construction phases.
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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.

Ilze cument zoom of 1.000

04| 06| o8| 10| 15| 25| 40| s0]

Cancel

A zoom factor between 0.4 and 8.0 can be entered in the input box. By then clicking on "Use" to
exit the box the current factor is accepted. By clicking on the "0.4", "0.6", etc. buttons, the selected
factor is used directly and the dialog box closed.

It is much simpler, however, to get a complete overview using [Esc]. Pressing [Esc] allows a com-
plete screen presentation using the zoom factor specified in this menu item. The [F2] key allows
screen refreshing without altering the coordinates and zoom factor.

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.
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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 graphic
elements (e.g. moment, shear force, loads, etc.). You can edit the pen widths for the elements
shown in the dialog box; by clicking on the button with the element designation you can also edit
the pen or fill colours.

On monochrome printers (e.g. laser printers), colours are shown in a corresponding grey scale.
Graphic elements employing very light colours may be difficult to see. In such cases it makes
sense to edit the colour preferences.

8.7.5 "Mini-CAD toolbar" and "Header toolbar" menu items

Using these two menu items you can add free text to the graphics and add lines, circles, polygons
and images (e.g. files in formats BMP, JPG, PSP, etc.). PDF files can also be imported as images.
The same pop-up menu opens for both menu items, the icons and functions used are described in
more detail in the Mini-CAD manual saved in the 'C:\Program Files (x86)\GGU-Software\
Manuals' folder during installation. The differences between the Mini-CAD and Header CAD are
as follows:

e 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 complete-
ly different systems (with different system coordinates). The saved header information will
appear in 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-UNDERPIN.alg" file (see menu item "Graphics preferences/Save graphics prefer-
ences") 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.
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mm "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.

"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 9.3).

"Colour on/off"

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

"Undo"

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

"Restore "

By clicking this symbol, the last change undo carried out using "Undo" can be restored.

E "Back one phase"/"Forw. one phase"

If you have activated a summarised result of various construction phases, you can move from
phase to phase using the arrow buttons.
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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

Position soil properties legend
with reference to bottom left page edge in mm

v  Show legend

% [rm]; 33.00
o [mm]: 280,00
Fant zize [mm]: 25

|:| B ackground calaur |

[ with depths

| Sail designations in main graphics
v Legend coloured
[ %fith k-value

Soil colours [pazsive side) |

k. | Soill calours | 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 "Background colour”
Using this button you can define the background colour for the legend.

o "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 "With k-value"
The k-values of the individual soil layers will be shown in the soil properties legend.
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e "Soil colours"/"Sail colours (Passive side)"
You will see a dialog box, in which you can define your preferences. After clicking the but-
ton with the desired number, you can assign each soil layer a new number or reorganise us-
ing the "Soil colours/Reorganise” command button. You can save your colour preferences
to a file with "Soil colours/Save" and use them for different systems by means of the "Soil
colours/Load" command button. In the lower group box, you can also transfer the colour
preferences to the Windows colour management dialog box, or vice versa, as user-defined
colour preferences for example. You can read a further description by pressing the "Info"

button.

8.7.8 "General legend" menu item

A legend with general properties will be displayed on your output sheet. Using the dialog box of
this menu item you can alter the type of visualisation, if you have activated the "Show legend"

check box.

General legend

Fozition 'General info' legend
with reference to bottom left page edge in mm

v Show legend

% [rm]: IW
y [rom]: 30.00

Font zize [mm]: IT

kax. no. of lines Iﬁ

|:| Background colour |

Shaov file name
|D-:| nat enter file name j

|'W'ith|:|ut date and time ﬂ

[ with hydraulic heave, etc.
[ Show program name and version
v Show standard

v Design sibuation test

] | Cancel

You can define and edit the position of the legend using the values "x value™ and "y value". You
control the size of the legend using "Font size" and "Max. no. of lines"; where necessary, several

columns are used. Additionally, you can define a background colour for the legend.

The fastest way to modify the position of the legend is to press the [F11] function key and
then to pull the legend to the new position with the left mouse button pressed.
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8.7.9

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). Additionally, the display of
further information as e.g. hydraulic heave can be activated. Any project identification entered in
the "File/New" or "Editor 1/Analysis options" dialog box will also be shown in the General leg-

end.

"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

Fozition 'design’ legend

[v Show legend

w [mm];

¥ [mm]

Fant zize [mm]:

bax no. of lines

with reference to bottom left page edoe in mm

BT
T
25
5

|:| Background colour |

lv EQL analysis

ok |

[ Bearing capacity with all values

[v Marked red if not verified

Cancel

You can define and edit the position of the legend using the values "x value™ and "y value". You
control the size of the legend using "Font size" and "Max. no. of lines"; where necessary, several

columns are used. Additionally, you can define a background colour for the legend.

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

The number of values displayed in the graphical design legend can be influenced using the lower
check boxes. 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).
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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] function key and
then to pull the legend to the new position with the left mouse button pressed.

8.7.11 "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 [F11] and then positioning the
legend box with the left mouse button pressed. In that case an info-box appears no more.

If "Manual graph positioning" has been selected in the "System/Graph positioning prefer-
ences" menu item (see Section 8.4.5), the result graphs can also be repositioned using this func-
tion.

8.7.12 "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-UNDERPIN.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".

8.7.13 "Load graphics preferences" menu item

You can reload a graphics preferences file into the program, which was saved using the "Graphics
preferences/Save graphics preferences” menu item. Only the corresponding data will be re-
freshed.
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8.8

Page size + margins menu

8.8.1

8.8.2

8.8.3

8.8.4

8.8.5

"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.

"Manual resize (mouse)" menu item

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

e 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 suit-
ably defined scale without annoying trial and error with the x/y coordinates. The previous
scale preferences are not affected by this.

"Manual resize (editor)" menu item
You can alter the current 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 Sec-
tion 8.8.6).

The image coordinates entered here can be saved in a file with the extension ".bxy" and be reload-
ed later for the same file or for different files.

If you want to recover the previous values during input or use the menu item again after editing the
coordinates, you can do this by pressing the "Old values" button.

"Zoom" menu item

You can enlarge or reduce the graphical representation by a fixed value by entering the required
factor in the dialog box.

"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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8.8.6 "Page size and margins" menu item

The default page set-up is A3 when the program is started. You can edit the page format in the
following dialog box.

Edit page size and marginz
Page in general

Height = 297.00 Width = 420.00

Page marginz in mm

Left = 25.00 Right = 8.00
Top = .00 Bottam = .00

Plot marging in mm

Left = 25.00 Right = 8.00
Top = 25.00 Bottam = 25.00

v ith borders v with rmargins

Cancel

e "Page in general” defines the size of the output sheet. The A3 format is set as default. The
program automatically draws thin cutting borders around the page, which are required when
using a plotter on paper rolls. The borders can be switched off using the "With borders"
check box.

e "Page margins" define 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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8.8.7 "Undo" menu item

If you have carried out any changes to dialog boxes or moved objects to a different position on the
screen after selecting the "Graphics preferences/Move objects” menu item or using the [F11]
function key, this menu item will allow you to undo the movements. This function can also be
reached by using the key combination [Alt] + [Back] or the appropriate tool in the toolbar (see
Section 8.7.6).

8.8.8 "Restore" menu item
When this menu item is selected the last change made in a dialog box or the last change in the
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).

8.8.9 "Preferences" menu item

You can activate or deactivate the undo functions.

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-UNDERPIN.

8.9.2 "Maxima" menu item

Here you can check the defaults for maximum values.

8.9.3 "Active wall friction angle" menu item

An info box appears with information relating to active angle of wall friction according to the
EAB.

8.9.4 "Compare earth pressure coefficients" menu item

Here you can calculate the earth pressure coefficients for given values of phi, delta and beta.
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8.9.5 "Help" menu item

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

8.9.6 "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.

8.9.7 "GGU support" menu item

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

8.9.8 "What's new?" menu item

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

8.9.9 "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 + MenUs Ubersetzen (trans-
late dialogs, menus)" und "Graphiktexte Uibersetzen (translate graphics)".

Alternatively, you can work bilingually, e.g. with German dialog boxes but with graphic output in
English. The program always starts with the language setting applicable when it was last ended.
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9 Tips and tricks

9.1 "?" buttons

Reading of the manual can mostly be dispensed with, because

"?" buttons _?I

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

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

¥ DIM 4093201 2-08 using principal stresses 7 |

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

Informationen

Analysis of internal safety using principal stresses as shown in Figure 1 DIN 4093:2012-08
An analysis not using principal stresses may return more favourable values, depending on the system.
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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 principal
menu items opens.

Excavation

Body (general)
Body (geometry)
Berms (active side)
Soils

Anchors

Struts

Analyse
Output table

Verifications/Partial factors

Analysis options
Graphics output preferences
Labelling

Concrete

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)
e [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 wheel up = move system graphics right

(change in system coordinates)

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

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

9.2.1 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 use-
ful if, for example, you have used the zoom function to display parts of the screen and
would like to quickly return to a complete overview.

e [F1] opens the manual file.

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

e [F6] opens the menu item "Evaluation/Main output summary ".
e [F7] opens the menu item "Evaluation/Bearing capacity".

o [F8] opens the menu item "Evaluation/Settlements".

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

e [F11] activates the menu item "Graphics preferences/Move objects".
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9.3 "Copy/print area" icon

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

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

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

If "Clipboard" was selected, move to the MS Word document (for example) after marking the
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:AProgram Files [#868GGU-SaftwarehGGU-UNDERPIM_S4 magel. emf
generated!

k. Fename | 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................... 93
A
Absolute heights, activate use.........c.ccoceeveenene 55
Action boundary conditions,
efiNe. oo 82
equivalent for pretensioning.............c.ccocue.e.. 39
Active earth pressure,
activate calculation after Culmann................ 69

analysis principles.........ccocoovvvvienne.
calculation after Culmann
edit preferences ..........ccenee.
select for analysis...................
Anchor steel design ...................

ANnchor wall ...
Anchors,
adopt predeform. as lowering of supports .... 38
consider pretensioning........cooveeeereeencnnenns 39
efiNe. ..o 83
define pretensioning ........c.ccoveeveenieninnenn, 85
display design values in a message box...... 102
optimise 1ength ..o 103
Angle of wall friction,
enter/adopt from soil database...................... 67
Area loads,
consider in analysis .........c.ccovvvreeniennnenn, 30
efiNe....oei e 79
include into earth pressure redistribution ..... 93
select ep analysis method ............cccceeveennee. 71
select type of earth pressure ...........ccceeeeeenee. 68
At-rest earth pressure,
coefficient to DIN 4085.........ccccoevvieenenn. 23
keep constant
select for analysis.........ccocoevvvinnieniennienn, 68

Base inclination,
coefficients in bearing capacity equation ..... 40

consider in analysis .........ccccocevenenniniencnn, 36

efiNe....oce e 15
Bearing capacity coefficients,

in bearing capacity equation.............c.ccce..... 40
Bearing capacity failure plane, determine......... 41

Bearing capacity safety,
analysis prinCiples ...,
consider base inclination
display analysis results in a message box... 102
Bending line, display with predeformations..... 89
Berms,
activate labelling ..o,
define on active side

define on passive Side.........cccovvveienieninenn, 66
Bounded surcharges,

consider in analysis ..........cccceoeeeiencnnenn 32,34

define. .o 80

Buckling length, determination......................... 48
Buoyancy safety,
analysis using global safety factors.............. 44
analysis using partial safety factors.............. 44

display analysis results in a message box... 104

C

Caquot/Kerisel,
passive ep analysis .......c..cccevveverieieiieiennnn
select for passive ep analysis
Centroid axis,

activate/edit display.........ccoceevneiriiinienns 100

consider acting forces.........ccocevvevviniiennen. 35
Characteristic point,

display settlements ..........cccoceevveiirciniene 102

limiting depth determination .............c.c.c.... 86
Cholesky

Clipboard
Cohesion,
coefficient determination methods ............... 23
enter/adopt from soil database...................... 67
Colour,
define for soils........cccovvevivvveviiicc e 110
switch on/off
Colour/hatching, define for loads ..................... 98
Colour/pens,
define for graphical elements ..................... 107
define for underpinning body ...............c.... 100

Company letterhead, add via Mini-CAD......... 107
Concrete verification,

analysis to DIN 1045.........ccccocvevvivnennne. 47
analysis to DIN 4093..........ccoceveiiininenenens 49
analysis to EC2/DIN 1045-1 .........ccccevnuenne. 48
select analysis method..........cccoeeiniicnnnnn 55
Concrete,
activate verification ...........ccccovvevviincinnn. 17
enter values for structural analysis............... 17
Constrained modulus,
for settlement analysis..........c.cocevvvnnecininn. 42
Construction phases,
activate display........cccoovoenireneiiiiies 105
animated presentation............cccccoeeninennns 105
consider predeformations ............c.cccccveennene. 38
possible state variables presentation........... 104
select files..............
Context menu, open
Coordinates,
alter via editor .........cocooveiiviine e 113
alter With mMouUSe .......cccevveniieeiecee 113
optimise/reset
SAVE/I0Ad.....c.o i
Copy/print area .......ccoceeeeeeeeerennenens
Culmann,
activate active ep calculation............c..cc....... 69
activate passive ep calculation...................... 70

active ep calculation....................
passive ep analysis ..................
Cutting borders, switch on/off
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D

Danish standard ..........c.ccoeeerereiineienienneenne 41
Database,

for soil properties of common soils......... 23, 67
Dataset description,

iSPIaY ..ot 111

BNTEL ..ot 54
Deep-seated stability,

define intersection with wall ........................ 87

safety/utilisation factor for anchors..... ....103

verification prinCiples..........ccooovereieiirnenn 45
Delete, SOil 1ayers ........ccoeoeeiiieneieieeee, 67
Depth coefficients,

definition to Danish standard ....................... 41
Design situation,

activate display in legend ..........ccccoeveenes 111

enter text for legend.........c.ccccoveieicicecnnn, 75
Design strength,

define for concrete..........oocooveeeveievcicenne, 17
Design, display results in legend .................... 111
Dimension lines,

define. oo,

DIN 1045...

DIN 4017...
DIN 4019....ccuiiiiiiieieere e
DIN 4085,
consider in ep analysis........ccccecvvvenieninnenn, 23
passive ep analysis
select for active ep analysis...........ccoceeevrnene. 69
select for passive ep analysis.........cc.ccceevnnene. 70
DIN 4093, select for concrete verification........ 55
Displacement boundary conditions, define....... 82
Displacement method ...........cccevreienienircennnn 35
Displacement, define for underpinning body.... 82
Distributed load, define as live load ................. 65

Double-bounded surcharges,

Drawing area, define
Duddeck/ANIeNS........cccocvveeeeiiieeiie e,
DXF file,

Earth pressure coefficients,
be calculated

calculate .........ccocovvreneennn.

user-defined.........ccocoveveiiieiicniiceees
Earth pressure redistribution,

display in a message boX........c.ccccerveieennnns 102

to EAB .

user-defined........cocoovveniinneiniee 95
Earth pressure,

edit preferences for active ........cccccoeeeenenn. 69

edit preferences for passive.........cccccceeeeenee. 70

select for analysis .......cccccovvvrveneneieiience, 68
Earth quake, as design situation to EC 7........... 76
EC 7, load cases description ...........ccccoeevvenenne 76
Eccentricity, unintentional ..........c.cccceeveivireenn. 47
Editor window, output table .............ccocceevienne 59

Elastic curve, for inclined body
Elevation head, for potential definition............. 27

Embedment depth, footing.........cccccoevevviivinennne. 40
EMF format

EQU analysis,

display results in a message box................ 104
Equation solution to Cholesky ............ccccccuenee. 35
Equivalent earth pressure coefficient,

ACHIVALE USE ...e.veeeeieieiceie e 69
Equivalent wall, regulations compliant with EAB

Bth EdItion.......cccooovvviiiiiineecce 55
Excavation,

change alignment
define base

E

File,

display name in legend...........ccccevveviennnns 111

1080/SAVE. .....coeiciiec e 55
Finite element module,

for structural SyStem..........cccovvvreenieicrenne.

for water pressure determination
Flow conduits approach, possible error ............ 26
Flow force,

CharacteristiC ........coovvvevreni e 43

for hydraulic heave safety ........cc.cccooveeenne. 43

influence on earth pressure...
Font selection........ccocevveeiieiiicenec e 106
Font size,

design legend..........occcovreiiviieneiniciee 111

dimension [iNeS........ccceevveniieneiieiei e 101

edit for graphical elements ...........cc.ccen.. 113

general 1egend ... 110

settlement legend...........ccocoveveiiieiiieneen 112

soil properties legend ........ccccocvvveivieinnne. 109

system/result graphics .........cccccevvvenieirennn. 99
Footer, output table..........cocooervriiieiiiie 57
Footing,

define excavation base...........cccceoevrvieninnn. 64

define length.......ccoovvriiiiee 15
Force boundary conditions,

equivalent for pretensioning...........c.cccceeuenee. 39
Foundation gap, explanation.............c.cc.ccoceuene. 20
Friction angle, enter/adopt from soil database .. 67
FUNCEION KEYS.....coviiriiiiceecee e 119

G

General page information,

add via Mini-CAD........c.cccocvveneiiiieiiene 107
General stability,

verification using file export .................. 42,60
GGU-CAD file, eXPOrt .......ccovevveevieeneicnieins 61
GGUMINICAD file, eXport........cccccevvverernnncne 62
GGU-STABILITY file, export .........cccccccerenene 60
Global coordinates,

use for Mini-CAD output..........cccovevreinnne 62
Global safety factors/verifications define.......... 74
Graph positions,

alter via editor .........cccoovvieniiiniice 96

alter With mMouSe .......cccevveniieicircee 112
Graphics, add via Mini-CAD.............cccceeuene. 107
Ground inclination coefficients,

in bearing capacity equation..............c.coeun. 40
Groundwater,

activate labelling ........c.cccoveviiiniice, 99

GGU-UNDERPIN User Manual

Page 122 of 125

January 2022



consider storeys/confined aquifers ............... 25

define colour ...

enter additional potentials

enter level ...,
Grouted section,

enter length for graphics.........c.ccoceveienne. 83

enter width for graphics.........cccoceveiiiennne. 99

H

Hatching, define for loads.............cccccoveveeennne.
Header CAD, application explanations....
Header, output table.............ccccooerinennne.
Hinge, define for Struts.........c.ccocovvieiicence.
Horizontal force, calculation.............cccocoevveenne
Hydraulic gradient,

calculation ..o 25,28

determine for analysis ...........ccoceevveiveeinnnn, 73
Hydraulic heave safety,

analysis using global safety factors

analysis using partial safety factors

display analysis results in a message box... 104

|
Increased active earth pressure,
COEFFICIENt.....vcviiiccc e 23
select for analysis.........cooceievveneienieniniene, 68
K
Kernel widths,
activate/edit display.........cccocervveirciiniennns 100
eXPlANALIoN .....cccveiiiiriee 20
L
Labelling, system/result graphics ..................... 99
Language preferences........cccoeveveeinenncns 10, 116
Lateral pressures, define.........cccccoceveveieennnne. 78
Layout, output table............ccoovveveienneene, 57
Legends, move With MOUSE ..........ccccerveveenene 112
Licence Protection .........c.cocovveevreienienncennnns 10
Limiting depth,
defining methods..........cccoevniniiiccne,
select determination..........c.ccocceevvennne.

Live load, consider distributed load as
Load cases,

adopt to DIN 1054-2010/EC 7 ............... 76, 77

adopt to ONORM EN 1997-1 ................ 76, 77
Load concentration factor,

CONSIABT .ttt 31

AEfiNE..eiciiecee e 71
Load distribution, for concrete verification ...... 47
Load inclination coefficients,

in bearing capacity equation..............c.ccce..... 40
Load transition point,

using redistribution............cocoeoveineiniennns 94

Load transmission,
activate/edit display

define Width.........ccoeeeeiiiicicece e,
Loads with limited plan dimensions,

AEFINE. i 79

FEAUCE .vvee ittt ettt e et e st e e 31,79
Loads, edit graphical output preferences .......... 98

Logarithmic spiral,
display below wall...........ccccooeviriiiiiiiinnn,
in bearing capacity failure plane

M
Manual, open as PDF file ........cccccoeviiiennnn. 116
Maximum values, display for system ............. 115
Mean friction angle............ccccoeveviiiiiieiiciecnnn, 41
Mean S0il Properties ..........ccocevevevvevveesesesnnn 41

Metafile, EXPOrt .......cccoveiveriiceccc e 61
Mini-CAD,
application explanations............ccccceevvenne
eXPOrt file .....ooeeeii
output with global coordinates .....................
Moment load, consider on rod axis
Mouse click functions...........ccoceovvveirvinnenns
Mouse wheel functions..........c.ccceveeervieninienns
N
Navigation, output table............cccooeevriinnens 108
n-region,
activate/edit display.........ccoceovreviriinienne 100
explanation
n-value, define for load distribution.................. 17
@)
Objects, move with mouse..........c..ccceevreennne. 112
ONORM EN 1997-1,
select partial safety factors..................... 76,77
Output preferences.......oooevvvereieicenseens 59, 60
Output table,
edit output as ASCll......ccooeevieririiiece 59
edit output as graphics.......c.ccoceeervvvrvrecrennnn 57
NAVIGALION ...t 58
save/load settings for graphical display........ 57
select output format..............

switch to system graphics
Overburden stress,

consider in settlement analysis...................... 86
Overturning analysis, deactivate................c...... 55
P

Page,
copy/print section...... .... 108, 120
define format.........ccccovveviicveiecc e 114
switch margins on/off..........ccccovviiiinn. 114
Pagination, automatic .........c.ccccevvrcerirennne 58, 59
Partial safety factors,
efiNe..cc i 55, 77
select from DIN 1054-2010/EC 7........c........ 76
select from ONORM EN 1997-1............ 76, 77
Passive earth pressure,
activate calculation after Culmann ............... 70
analysis methods for coefficients ................. 24
calculation after Culmann .............ccccoeeenenee. 24

M 70

specify calculation..........c.ccocooeveiincicnnn 70
PDF file, import via Mini-CAD.................. 7,107
Pen preferences,

edit for graphical elements ...........c.cccene. 107

edit for underpinning body ............cccooevenne 100
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Permeabilities,

consider in analysis .........cc.ccoevevereerereinnn, 23

display inlegend ..........cccccevevennns ....109

enter/adopt from soil database...................... 67

using flow conduits .........cccoovveereneiniiiienns 25
Piling Handbook,

consider loads with limited dimensions........ 31

effect on earth pressure .........ccoceeevveveeennne, 29

Plausibility checks,
show during analysis
VIEBW TeSUILS ..ovvevveivecieciicie

Plot margins, define..................

Potential, definition .........ccccoceveeieieiiciee e

Preconsolidation,
consider in settlement analysis............... 42, 86

Predeformations,

Presentation height, define for loads................. 98
Pressure line,

activate/edit display.........cccocervveireiiniennns 100

eXPlANALIoN .....cvoveieiicc 20
Pretensioning,

consider in analysis .........c.ccovvvreieniennnenn,

define for anchors/struts
Print,

GraPhiCS . ..oveieeieee s 60

output table........ccooviiiieiiei e 61

SECHION 1o 61, 108, 120

several files ..., 63
Program,

display name in legend...........ccccoveiinienne 111

save/load preferences

ShOW iMprovements.........ococeoveevrieienenenins

show information ...........ccoceeevvveiieiennens
Project data, add via Mini-CAD ..........c........ 107
Project identification,

display

Redistribution figures,
available .......cooeevveiec e, 39

Result graphics,
iSPlaY ..o
edit preferences ..........ccenee.
label......ccooveiiiiiieee
move with mouse
POSITION. ...

Results, display for selected depth....

Rod construction module

Rods,
define for Struts .......ccovveevieiviiecee, 84
define for system.......cccccovvvviiveienccece, 91
effect on analysis........cccoovevvinienenciciece, 35
Rotation, define for underpinning body............ 82
S
Safety concept, SEleCt .........coceveririiciiiiieine 55
Safety factors, define........c.ccccoveveviiiiiiennnns 55, 74
Scale,
alter via factor input ..........coceovveeiciinienne 113

alter With mouse .......cceevvvveveiecce e 113

define manually ...........ccoooeivineiiiiiiies 113

determine automatically .............cccovevrenins 113
Scroll the SCreen.......covveee e 118
Seismic effects,

as design situation to EC 7 .......coveveviennnee. 76

consider [0adS........coooveereiiieneeee e 77
Settlement analysis,

display results in a message box................. 102

display results in legend

edit preferences ....................

limiting depth definition

subtraction preconsolidation loading............ 42
Settlements, display share in legend................ 112
Shape coefficients, for strip footings ................ 40
Slenderness, structural element.............ccveene. 47
Sliding safety,

analysis prinCiples...........ccoovvevevievvcniecien, 42

consider base inclination .............c.ccccoceeveene. 36

display analysis results in a message box... 102
Slip planes, compound............ccccoverineiininenan. 45
Slope stability application..........c.c.ccccoeevriennn. 60
Smart icons, for menu items ..........cccocveevnnee. 107
Soil colours/numbers, activate display............ 109
Soil designations,

activate presentation in system graphics..... 109

AEFINE. i 67
Soil layers,

adapt to absolute heights ..........ccccovevieinnan. 64

define/delete

Maximum NUMDET ..........cooerererieieeneiene 23
Soil properties,

activate separate input act./pass. values........ 55

display in legend........ccccocovvviieiiicieniienne

enter/adopt from soil database.....................
Standard, display in legend.............

Status bar main program, activate
Stiffness of underpinning wall,

consider in analysis .........cccccoevrevrenenenne 35, 37
Streck,
passive ep analysis ........c.ccoevereinininenenens 24
select for passive ep analysis..........cc.ccoeuene. 70
Stress analysis, for limiting depth.................... 86
Struts,
consider pretensioning
define.....ccccovvveiiiicie
define pretensioning
display design values in a message box...... 102
System,
ANAIYSE. ... 92
diSPIAY .. 101
display properties in legend............c.ccoceunee 110
division into rods..........ccoceveveneieiniienees 91
edit graphics output preferences................... 97
show information...........ccccevevvvicreenen. 91, 115
SEUCTUTAL..c.cveeccee e 35
T
Theory of elastic half-space...........cccoceevrirennne

Toolbar, edit for menu items
Transition point,

using redistribution ..o, 94
Translation, activate...........ccccevevvveiceicieeinene 116
True-type font.......ccocevieininceee 106
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Underpinning body,
define coloUI/PENS ......covcvvieeriiiiicisene
define geometry.......ccocooveveieveieence
define 10ads .......ccocoveveiieeee e,
define rotation/displacement ....
possible bedding conditions ..............c..ce.....

Unit weight, enter/adopt from soil database ..... 67

User-defined ep coefficients, enter ................... 72

Utilisation factor,
buoyancy ..o
deep-seated stability ..............
hydraulic heave .....................
unreinforced concrete

Verification of unreinforced concrete,

select Method..........ccevvvceeiiccicece s

tODIN 1045 ..o,

toDIN4093 ...t

to EC2/DIN 1045-1
Verifications,

activate to DIN 1054 0ld ..........cccoovevveeneinens 74

activate to DIN 1054-2010/EC 7............ 75, 76
Version number,

display in a message boX..........cccveivrrenns 115

display in legend...........ccooovvieneiiiiiiiiiennns
Vertical force, calculation

W

Wall toe, select bedding conditions .................. 92
Wall top, kept horizontal,
activate ......cocoeeevevnenns
consider in analysis
Water pressure approach,

ClaSSICAl ....cueovieriiiiciccc s
recommendation.....
select for analysis
using flow conduits .........cccceoeeeeiiiiiieninn. 25
Water pressure,
resulting difference.........ccoceeeveieiiinciennns 27
user-defined distribution...........cccccceevieieinenns 25
What you see is what you get .........cccccevvvenene 106
Y
Young's modulus,
define for concrete........coovvvvievecceccecieiens 17
Z
Zoom factor, define for full-screen display..... 106
Zoom function, activate................... 106, 108, 118
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