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2. Gravity wall (file: ,,Demo01.gtz”)

This chapter outlines the design and analysis of the gravity wall. It enables the user to get
familiar with all the details associated with this module such that it becomes simple to extend the
knowledge gained from this example to other modules:

- Basic input of construction - used in Cantilever wall, Earth pressures, Gabion, Spread
footing, Pile, Abutment, Sheeting design, Sheeting verification

- Input of soils and rocks — used in all GEO 4 modules

- Text and graphic outputs - used in all GEO 4 modules

- Materials — used in Cantilever wall, Spread footing, Abutment, Plate

- Verification of external stability — used in Cantilever wall, Gabion, Sheeting
verification

2.1 Basic example

In this example we desing and verify the gravity wall. Basic input parameters (wall geometry,
surcharge, terrain profile, etc.) are displayed in Fig. 2.1.
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Fig. 2.1 — Basic example — gravity wall

Material properties

Wall: Concrete B20, bulk weight y =25 kN/m’

Soils: Sandy clay, saturation < 0,8, consistency stiff (¢er= 24.5 dg., ¢ = 14 kPa, y = 18.5 kN/m’,
d=15dg.)
Sandy silt, saturation < 0,8, consistency stiff (per=29.5 dg., c =0kPa, y=17.5 kN/m’,
o=15dg.)

GEO 4 © FINE 2001 2



Gravity wall User's guide

2.2 Inserting input data

2.2.1 Geometry of structure

To enter the geometry of a structure you begin by opening a new file and its saving as e.g.
“Demo01” (see the basic user’s guide “A tour of the program environment”, chapter 2.1
“Handling files”). Using the menu (item “Data”) or with the help of the vertical toolbar you
select the mode “Geometry”. Corresponding screen status is shown in Fig. 2.2.
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Fig. 2.2 — Geometry input

After selecting the basic shape of a structure on the toolbar bellow the desktop you may continue
by putting in the specific dimensions of the wall. In general, it is possible to proceed in two
different ways. The simplest one is to edit individual dimensions directly on the desktop, which
displays the shape of the selected structure. In particular, using the left mouse button you click
on a number, which corresponds to the selected dimension (Fig. 2.3). Once this field becomes
active you are allowed inserting a new value.
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Fig. 2.3 — Edit of dimension on the desktop
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The second option is to put the desired dimensions into the Wall geometry check boxes (Fig.
2.2). Individual dimensions are marked with letters k with indexes 1 to 9. Data can be put only
into the active boxes. That depends on the type of wall. In this particular example you select
dimensions k1, k2, k3 and k5, while the dimension k4 is computed automatically. To enter
slopes of inclined edges you use side ratios sl to s3 (see the Wall geometry chart in Fig. 2.2).
Horizontal and vertical edges are characterized by the zero value of s (si=0).

Complementary information *

Provided that no value is put in or the value has no meaning the program prompts an error
message (see Fig. 2.4)

Incorrect value |

& The walue muzt be in range <0.00, 1.000E+35].

Fig. 2.4 — Error message when inserting dimensions of a structure

Note:

The whole structure might not be displayed within the drawing window when handling the data
input. In that case you may use the “Scale and shift” button on a toolbar menu (see Fig. 2.5),
which adjusts the dimensions of a drawing such that all-relevant objects are visible. The toolbar
menu contains also other items, which serve to adjust the drawing dimensions (zoom, shift, etc.).
They will be explained in detail whenever necessary.

Scale and Shift x]

Fig. 2.5 — Toolbar menu with buttons to adjust the drawing of a structure

Note:

When handling an arbitrary data input only a part of the drawing, pertinent to that particular
input mode, is visible. In particular, when selecting for example the geometry data input mode,
only those parameters, which determine the dimensions of a structure (wall profile and its
dimensions), are active. Other elements of the drawing are inactive (colored in gray) and cannot
be edited. On the contrary, when switching to a different mode, e.g. “Profile”, the geometry
parameters become inactive and only the basic wall dimensions remain visible. Therefore, if you
wish to display all already inserted parameters use the mode “Desktop”.

The mode “Desktop®, apart from the drawing option, offers another important function.
Particularly, using this mode you may select which parts of a drawing and in what color should
be displayed. Fig. 2.6 shows an example of a drawing setup for the geometry of a structure.

It is evident from Fig. 2.6 that the option “Structure” allows you to set up drawing of either
overall or detailed dimensions (or both), plotting of point marks, description of points and their
numbers as well as the line thickness used for drawing. As shown in Fig. 2.6 certain drawing
options are turned off to reduce complexity of subsequent plots associated with the present
example.
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Drawing Setup

Global | Profile  Structure |Grc:und | Water | Surcharge | Resist, on Fr.face | Applied farces | Computed forces | Dimensioning |

—Structure drawing

Structure: —l Line thick. (D...standard):w [rnmm]
Owerall dimensions: W Draw _l
Ditaled dirmensions: W Draw —|
Symbals of points: [ Draw —|
Description of points: [~ Draw _l
Nurnbers of points: [~ Draw —l

Fig. 2.6 —Setting the geometry of a structure drawing

Complementary information

2.2.2 Profile

The next step is to put in the ground profile and parameters of soils behind the wall. First you
insert the thickness of individual layers. To do so select the mode “Profile” by clicking on an
appropriate menu item on the toolbar (see Fig. 2.7).

ol . Depth = add Ground elevation: |1DEI.DEI| [m]

Interf. # [rm]
LA n.ool=| = (=it Change of ground elevation |
= REEVE | —Ground profile display

¢ Draw profie up to depth of structure
" Draw the whole inserted profie

|

Fig. 2.7 — Ground profile input

The ground profile is put in from the upper point of the wall towards the depth. You begin by
clicking on the item “Add”. When the “New interface” dialog box appears (see Fig. 2.8) you
insert the thickness of the first layer. Press the item “Add” to store this value in the list of

selected interfaces (see Fig. 2.9).

Mew interface

Coordinate 2: |1,5 [m]

E add | X Cancel

Fig. 2.8 — Thickness of a layer input
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- Depnth =
el s =P = Add Ground elevation: |1DEI.DEI| [m]
Interf, # [rm]
1 0.0o = Change of ground elevation |
K 2 1.50
= pemove |Ground profile display

& Draw profie up to depth of structure
" Draw the whole inserted profie

Fig. 2.9 — List of inserted interfaces

This dialog box remains open as long as you continue with the above procedure. Once the
required number of interfaces is inserted you may close the box by clicking on the “Cancel”
button. The result appears in Fig. 2.10.

100.00

Fig. 2.10 — Profile layers input

Complementary informatio

If at least one interface (layer) is put in you may continue with its modification. Using the item
“Edit” you are able to change the layer thickness or when pressing the “Remove” button the
current interface delete. Inserted values are immediately displayed on the Desktop together with
the corresponding dimensions. Providing you select the item “Edit” to adjust the layer thickness,
the “Edit interface” dialog box appears and the value can be modified. (see Fig. 2.11).

E dit interface
Coordinate 2: |1.5E|| [m]
" OK X Cancel

Fig. 2.11 — Dialog box to modify the thickness of a layer in the ground profile
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If you wish to remove one or more already inserted interfaces you may proceed by clicking on
the item “Remove”. Program then opens a new “Confirm” dialog box asking to confirm this
step. If you select yes the particular interface is deleted (see Fig. 2.12).

Conim

@ Really want to rernove the selected interface at a depth of; 2.00m

Ono |

Fi g. 2.12 — Confirmation dialog box when removing a layer

When creating a new interface, you enter the coordinate of an already existing one, the program
prompts an error message (see Fig. 2.13).

A new interface is located at the same depth as
the interface MNo.:1

Fig. 2.13 — Error message when inserting an interface

Once the dimensions appear in the drawing window you are also able to edit individual
interfaces by clicking on the desired interface directly in the drawing (you are not allowed to
either add or remove a layer from the desktop) the same way as we have shown when explaining
the input of the geometry of a structure.

Note:

When inserting parameters of the ground profile you encountered for the first time a new
element of the program, editable list. We shall now briefly describe its function, as it will be
used in other modes of the program as well. An example of such a list with a description of its
parts is shown in Fig. 2.14.

== Depth
Interf, # [rm]

0,00 =]

2 1.50

Fig. 2.14 — Using the list
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The list is composed of rows and columns. You can select rows either individually or all
together. To select a single row you click on its heading. To select a group you use a set of
buttons located at the left upper corner of the table. For example, to remove several interfaces at
once you first select the desired interfaces and then with the help of the “Remove” button you
take them out. ?

Complementary information

2.2.3 Soils and rocks

Before assigning individual soils or rocks to corresponding layers you have to first prepare their
list. To that end, use the mode “Soils” (see Fig. 2.15). The material characteristics of individual
soils or rocks are then put in using the “New soil” dialog box (see Fig. 2.16).
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Fig. 2.15 — Mode to insert various types of soils and rocks
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X|
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A7 —_
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angle of intemal friction @ 30.00 [°] Loeadd
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o+ Lplift pressure 10 kNm3 " Compute from porosity

Bulk weight of satur, sail Tsat 0,00 [kM/m3]

|

Fig. 2.16 — Dialog box to insert material characteristics of a new soil

In this dialog box, fill in the name of a soil or rock and select a sample and its color by clicking
on the “Sample” (see Fig. 2.17) and “Color” (see Fig. 2.18) buttons. Finally, insert the required
input data.

Soil and Bock symbols
Soil syrnbols
E E N
Silt Gravelly Clay Sandy Gravelly Fine-grained  Coarse-grained
Silt Silt Clay Clay madelp around madels ground
Sand Silty Clayey Gravels Silty Clayey Made-up ground Turf
Sand Sand Gravels Gravels
Rock syrnbols
Brecda Phillite Claystone Siltstone Sandstone Mica schist
Trachyte Tuff Lirmestane Granite Fillngs Utabazile Rigict Other

of discontinuities rocks body tock
Other syrmbiols

Fig. 2.17 — Dialog box to assign samples of soils or rocks
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Color Ed |

Fig. 2.18 — Dialog box to select color of a soil or rock sample

Using the button “Add” you store the sample into the editable list. The dialog box then remains
opened and you may continue to put in new values for the next soil. This procedure allows you
to create an entire list of soils and rocks for a given profile. An example of the list of soils (mode
“Soils”) appears in Fig. 2.19. This list will be used hereafter.

k|
+| =% Soil hame —Soil characte
» 1 | Sandy day -] e 2450[%)
2 | Sandy silt C: 14,00 [kPa]
W 12,50 [kMNfmm?]
Tou 2,50 [kMfm3]
[ |

Fig. 2.19 —List of soils

Complementary information *

Another option, which exploits catalogues of soils and rocks created according to the Czech
standard CSN 73 1001, is available when preparing the list of soils or rocks. To open catalogues
you select either “Soils” or “Rocks” item from one of the dialog boxes “New soil” or “Edit
soil” designed to insert material parameters of soils. After clicking on one of the buttons either
the “Classification of soils” or “Classification of rocks” dialog box appears (see Figs. 2.20 and
2.21).
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Classification of soils

User’s guide

—Soil classification

—Consistency [ Density

Stiff consistency, St < 0.8 (Easy to penetrate by nall, degree of saturation < 0.8)

—Standard characteristics of soils

Sandy =silt, consistency very stiff 5r-0.8

Soil parameters Mark Tnit Value
Poisson'=s ratio ny [-] 0.35
Coeff. heta [-] 0.6z
Bulk weight ganrns [ KN/ m3] 12.0
Deformation modulus Edef [MPa] 12 - 1&
Effective parameters:

Angle of intern. friction Fi,eff [dg.] 24 - 29
Cohe=sjion of soil C,eff [EPa] 20 - 40
Total parameters:

Angle of intern. friction Fi,u [dg.] 12 - 1&
Cohesion of soil C,u [EPa] ol - 70
Design strength:

Width of footing < 3 m kA [EPa] 275
Coeff. of struc. strength m [-1] 0.3
‘@ MariLal | q/ ] q/ Ok+Lssign | x Cance|

Fig. 2.20 — Catalogue of soils

Classification of rocks

—Rock classification

ard to batte

with a harnmer )

—Type of deformation

Brittle deformation - EdeffSigraC = 500

—Rock parameters

Class BRl, hrittle deformation

Discontinuities Edef ny S igrac

[MF=a] [-] [MF=a]
fine 25000 0.10 150
swall 25000 0.10 150
e i 25000 0.10 150
large G000 0.10 150
wery large 1500 0,10 150
EXLEEmeE 600 0.10 150
Coeff. of structural strength m= 0.1

o K o Ok+assion | 3 Cancel

Fig. 2.21 — Catalogue of rocks

GEO 4 © FINE 2001
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In the catalogue, you first select the desired soil or rock from the drop-down list. By clicking on
either “OK” or “OK+Assign” button you import the values of the soil material parameters into
the “New soil” dialog box. Values of soil parameters provided by the standard are displayed
next to entry fields of corresponding material properties (see Fig. 2.22). When using the
“OK+Assign” button the entry field is automatically filled with an average value of a given
material parameter.

X
lassification——
B oo
sample=: Soils
PiillZ
Rocks

Marne: |Sar‘u:hr clay

Angle of internal friction @ IW [¢] O + I
Cohesian C IW [kPa] oK + ‘
angle of friction (struc-soil) IW [#]

Bulk weight of soi v | 18.50 [kjme]

% plift pressure 10 kMim3 i~ Compute from porosity

Bulk weight of satur, soil 7y I 15350 [kM/m#]
Pormsity. =0-1= il I 0.000) [-]
Uit weight of skeletan T I 25,00 [k

Fig. 2.22 — Values provided by the catalogue

(=]

X Cancel

Warning:

Only parameters defined in the standard are passed on with nonzero values. The remaining ones
are set to zero. The crucial point when classifying soils is to check whether the imported data are
meaningful and geotechnically correct.

When inserting the bulk weight of a saturated soil (used to determine the bulk weight of soils
below the GWT) it is possible to keep the value ys = 0. The program then automatically assigns
Ysat = V. If @ nonzero value of vy, less than vy is inserted the program prompts an error message
(Fig. 2.23) and the input data must be corrected.

The inserted value of the bulk weight of saturated soil (gamma, sat)
must be greater then the bulk weight of soil (garmmal.
Correct the input!

(when setting garmma,sat=0 the garmma,sat=gamma is used instead.)

Fig. 2.23 — Error message when an incorrect value of ys, is put in
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Buttons designed to modify the data input in the mode “Soil” become active immediately after
storing material parameters of at least one soil or rock into the list. In particular, the “Insert”
button opens the “Inserted soil* dialog box, where you may insert the required soil employing
the previously described procedure. Then, by clicking on the “Insert* button the soil is included
in the table. The item (soil or rock) is placed in the list in front of the soil you selected last prior
to opening the dialog box. Using the “Edit” button you open the “Edit soil” dialog box designed
to modify parameters of soils and rocks already included in the table.

Editsoil x|

lassification——
;;T;;;f |£“' |.': Soil
sample=: colo Si0ils
A7
Riocks

Marne: ISar‘u:h; clay

&ngle of internal friction @ IW [°] OK + 4
Cohesion C IW [kPa] oK + J,
Angle of friction (struc-scil) & IW [2] ]
Bulk weight of soi v | 1850 [Kyjm?]

= Uplift pressure 10 kMfm2 " Compute from porasity

Bull weight of satur, soil 7, I 18,50 [kMN{m?]
Porosity, =0-1= i I 0,000 [=]
Uit weeight of skeleton s I 25.00) [kMimmE]

Fig. 2.24 — Dialog box to modify parameters of already inserted soils

X Cancel

This particular dialog box is rather advantageous, as it allows you to scroll through the entire list
of soils and rocks in the table using the “OK +1 “ and “OK +]” buttons (see Fig. 2.24) without
going back into the table and selecting the next item from the list. The last “Remove” button
serves to remove one or more soils (rocks) from the list. Figs. 2.25 and 2.26 then display the
dialog box “Confirm “ in which this step must be confirmed. After that the item is deleted.

Conim

@ Really want to remove the selected soil: Class F4, consitency wery stiff Sr<0.8

Ot |

Fig. 2.25 — Conformation dialog box to remove a soil — only one item is selected
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Coiem

@ Do wou want to rernove all selected soils (current number: 2 out of 2)

Ot |

Fig. 2.26 — Confirmation dialog box to remove a soil — more items are selected

If you used, in this stage of input process, the “Add” button instead of “Insert” a new item (soil
or rock) would be placed at the end of the list. Basic information of the soil (or rock) currently
marked in the heading of rows is displayed next to list (see Fig. 2.19). ?

Complementary information

2.2.4 Assignment

To continue with this example switch to mode “Assign”. Note that the list of soils previously
created in the mode “Soils” is already available.

Geod4 - Gravity wall [C:Program FilesFINE',Geo4'DemoD1_2soils.gtz*] = | = Iil

File Edit Data Analysis Options Help

% Desktop
) 3.00
1 Profile
100.00 0.50 £ Sois
:I . i B3 assign

i (T Geometry
ERal ? Material
o}
A &2 Terrain

¢ ;‘5; ‘Water
{0 o J ® Surcharge

Beta: 0,00 — o f FF Resistance
— % 2pplied force

o = cotti
060 — — — = Zu Settings
L - — E=] Werification
[ E2l Dimensioning

2 Stahility

R Soil name 5ol characteristic:

= add
by 1 | Sandy clay 1 2450 [°] ;l
2 | Sandy sit c: 14.00 [kPa] = Insert |

W 12.50 [kMfm2]
% ® 2.50 [kM/m3]

]

Fig. 2.27 — Dialog box to assign soils and rocks to individual layers.

Note from Fig. 2.27 that individual soils stored in the table are shown on a bar above the list as
well. Two options are available to assign a soil to a given layer in the ground profile. When
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selecting the first option you begin by clicking on the button located above the list associated
with the soil in the list you wish to assign. To assign the soil you mark the corresponding layer
directly on the desktop (see Fig. 2.27). The list of soils offers the second option (note that
individual rows correspond to layers of the ground profile). In particular, in a given row you
open a drop-down list of soils (see Fig. 2.28) and select, for a given layer, the required type of
soil. This option is usually preferable when the layer, depicted on the desktop, is to narrow and it
is difficult to hit it with a pointer. Fig. 2.28 provides the result of this step-by-step procedure.

Geod - Gravity wall [C:\Program Files\FINE\Geo4'Demof1_2soils.gtz*] =S|
File Edit Data Analysis Options Help

2 Desktop

B Profie
£ Solls

B3 assign
{T Geometry
37 Material
T Terrain

100,00

& water

"m Surcharge
of FF Resistance
% pplied force

E— P
hoo et
— El verification
_ E Dimensioning
1.20 - & Stabilty
.z e = =
Soils:} .+ . — _H
R [,
A
3 e
Layer Thickness Assigned soil
number [m]
1 1.50| Sandy dlay - :l
y 2 Sandy silt [~
Sandy clay
Sandy silt

Fig. 2.28 — Soils assigned to layers of the ground profile

2.2.5 Material of a structure

To choose material of a structure we proceed in the following way. First, select the “Material”
insert mode. The dialog box shown in Fig. 2.29 appears.

Material
Bulk weight of wall I 25,00 [kMfm#]

Analysis standard :CSM 73 1001 R |
{CSM 73 1001 R |

Eurocode EC2
Catalogue |15 455

Name: Beton oraoosot

aterial parameters
Fpg 11.50 [MPa]
Rhed 0.90 [MPa]
Ep ! 27000.00 [MPa]

Fig. 2.29 — Dialog box to insert material properties of a structure
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You begin by putting the value of the bulk weight of a structure into the corresponding entry
field. In this window you select the standard (PN, IS, BS, CSN, EC and other)- all materials and
analyses of the concrete structures will be computed according to this standard.

Then, using the “Catalogue” button (see Fig. 2.30) open the “Catalogue of materials” dialog
box and select the desired type of concrete (concrete B 20 is assumed in this example).

Catalogue of materials x|

Material type

Concrete C 12f15
Concrete C 1620
Concrete C 20/25
Concrete C 25/30
Concrete C 20/37
Concrete C 35745
Concrete C 4050
Concrete C 4555
Concrete C 5060

Material type: Concrete C 2025

Standard: EC 2

Information

X Cancel

Fig. 2.30 — Catalogue of materials

Complementary information *

The program makes also possible to insert your own material characteristics. To that end, click
on the “Own” button to open the “Edit material — Concrete” dialog box (see Fig. 2.31), which
serves to assign your own values to material parameters.

Material editor - concrete x|

—laterial description

Mame:  |Concrete C 20/25

Standard: |EC 2

—Basic material parameters

Er = | 20000.00 [MPa]
o = | 0,000010 [1/K]

G- | 11340.00 [MPa]

—Characteristics for concrete

fo=| 2000 [wpa]

fr= | 2.20 [MPa]

X Cancel

Fig. 2.31 — Dialog box to enter your own material properties of concrete

GEO 4 © FINE 2001
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It is worth to note that the material input is not displayed anywhere on the desktop but it of

course affects the analysis of that particular structure.
Complementary information J

2.2.6 Terrain profile

Fig. 2.32 introduces the dialog box designed to determine the profile of the terrain surrounding
the structure. To complete this task you first select the basic profile of the terrain using the
predefined charts located on the bar bellow the desktop. Individual entry fields within the dialog
box serve to specify individual parameters. In this particular case the terrain profile is determined
using the length and height of an embankment.

Ground Ed
)
hart: of parameters round pararmeters FOLIG Viey
d Length of embankment d: IS.DDl ml " Draw distarted graund
€ Draw real ground profie

* Slope 1= I 5.000 [-]

[
" Height of embankm I 1,00 [
[
= gngle of slope o I 11,31 2]

Fig. 2.32 — Mode “Terrain” — dialog box to determine the terrain profile

2.2.7 Ground water

To incorporate an influence of ground water into your analysis switch to mode “Water” (see
Fig. 2.33). From the toolbar below the desktop then select the required type. Parameters relevant
to that particular item become active. In our example you are prompt to enter the height of the
ground water table behind the structure.
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Geod - Gravity wall [D:\Bin\data_prikladyA\GTEST_gtz"]
File Edit Data Analysis Optiohs  Heln

,i 3.00 T 3% Desltop
Profile

£ Soils

BS Assign

{ Geometry
&7 Material

% Ground

gﬂ Water

& Surcharge

o f FF Resistance
3 Applied force
55 Settings

2] werification
e 2l Dimensioning
1.20 ER—— < Stabiity

X« & &| &

(roundwater table (GWT) parameters
G

hart of parameters

WT behind structure hy 1,50 [m]

VAR ot oietriEtie fp [

Fig. 2.33 — Entering the ground water table

2.2.8 Surcharge

To enter a new surcharge, switch to mode “Surcharge”. Similarly, as in the previous modes,
you begin by clicking on the “Add” button, thus opening the “New surcharge” dialog box (see
Fig. 2.34). Once again you first select the type of a surcharge by clicking on one of the items
offered in the dialog box. The next step is to fill in the relevant entry fields. To store them into
the list you press the “Add” button. To continue with the next surcharge you just repeat the
above procedure. To stay with this example select strip loading. Inserted values are displayed in
Fig. 2.34. See also Fig. 2.35 showing the setup displayed in the mode “Surcharge”.

GEO 4 © FINE 2001 18



Gravity wall User's guide

Hew surcharge
—Surcharge description
[KRAm2] [khAn2] k2]

o (I

7

—Surcharge parameters
Marme |

Qi I 12,00 | [kMfrmZ]
R | {r e

¥ 3.20 [m]

Length 2,00 [m]

i I [Int]

E add X Cancel

Fig. 2.34 — Dialog box to insert a new surcharge
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Fig. 2.35 — Inserting data relevant to mode surcharge
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Complementary information
0*

Procedure, which allows you to modify individual items in the list of surcharges with the help
the Edit, Insert, and Remove buttons, has been already described in chapter 2.4 Soils and
rocks (complementary information). This procedure is identical for all lists. The proceeding
paragraph yet describes graphical options you may exploit when working with lists:

1) To select surcharge click on a given surcharge plotted on the desktop using the left mouse
button

2) Double clicking on a given surcharge plotted on the desktop opens the editing dialog box

3) Surcharges selected in the list (using buttons marked with the surcharge number) are colored
in green

4) When pressing the “Remove” button, the selected surcharge is colored in red

5) All surcharges can be edited in the graphical regime by clicking on corresponding
dimensions and then changing their values

Complementary information

2.2.9 Front face resistance (FF resistance)

Fig. 2.36 shows the dialog box designed to set up a resistance developed on the front face of a
structure. As usual you first select the earth resistance type (passive, active, or at rest) and fill in
the required parameters. In the present example select the pressure at rest.

Geod - Gravity wall [D-\Bin\data_prikladyAGTEST_gtz"]
File Edit Data Analysis Options Help

DR EER 2llaac+Dowal

% Desktop
f f Profie
100.00 £ Sails
R B3 2ssign
T Geometry
£? Material
% Ground
gﬂ water

® Surcharge

¢_E FF Resistance

% 2pplied force
32 Sattings

- = T B4 werification
E Dimensioning
= Statility

I P K

| -6
hatt of parameters ol\ in list:
At rest Class F4, consitency wery stiff Sr<0.8 J

roLnd parameters |n front of structure
' Thickness D 50 [m]
hl ' Ground slope 0.00 [°]

ioil pararnetes
Angle of friction (struc.-soll) & [0.00 [°]

Fig. 2.36 — Inserting data relevant to mode FF resistance
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2.2.10 Applied forces

In this mode, you are able to put in an arbitrary number of forces acting on the structure such as
anchors, safety fences, forces acting on the wall crest, etc. In this example, however, they will
not be considered. Nevertheless, to apply such forces you switch to mode “Applied forces” and
then continue by following the procedure described in Section 2.2.8 (surcharge). The “Add”
button opens the “New force” dialog box (see Fig. 2.37), in which you may insert the required
force parameters. This procedure can be repeated as many times as necessary.

The coordinate system accompanying an input of additional forces is displayed on the desktop.

MNew foice
—Parameters of the applied force

MHame: )

Magnitude of F.: 0,00 [kMfrn]

Magnitude of F: 0.00 | [kMfrm]

Point of application x: I 0,00 [m]

Point of application z: 0,00 [rm]

= add | X Cancel

Fig. 2.37 — Dialog box to insert applied forces

2.2.11 Setting parameters controlling the analysis process

This mode allows you to control the solution process by selecting the desired type of analysis.
You may choose the standard limit state analysis or carry out the analysis according to the
classical theory without reduction of input parameters. In the last option you may adjust the
analysis by setting up the reduction coefficients. Details are provided in the theoretical manual.

Settings X]
—Analysis —Coefficients of reduction of soil parameters——————
of reduction of angle of internal friction v, I 1.00

" Classical theary (without reduction)

& Limit states of reduction of cobesion

roafety factor
Safety factor for g I 150 of reduc. of bulk weight in front of struc,
Safety factor for averturming stab.:l 150 I™ Coeff. 4, reduces tangent of angle of internal friction

—Computation of pressure setup
v Consider develop, of earth pressure wedge

C.
C. Trne
. of reduction of Poisson's number Frie:
C. of reduc. of bulk weight behind struc, Thryt
C.

1w
1w
1o

Fig. 2.38 — Setting analysis parameters
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2.3 Analyses and outputs

2.3.1 Verification analysis

This mode serves to check the entire wall with respect to the overturning and sliding stability and
bearing capacity of the foundation soil. Entering this regime results in computation of all forces
acting on the structure (gravity force, earth pressures, forces due to surcharge, etc.). These forces
are usually termed the action effects. Magnitudes and locations of these forces are listed in the
table located in the left bottom corner of the screen. An example of a structure with forces is
plotted in Fig. 2.39.

Geod - Gravity wall [D:\Bin\data_prikladyAGTEST.gtz"]
Fle Edit Data Analysic Options Help

& Desktop
3.00 —
1 1 & Profie
100,00 X £ Sails
PR _l B Assion
T T Geometry
57 Material
1.50
- % Ground
9.80 6,64 LN & Water
200 l 55 L m Surcharge
= f FF Resistance
Beta: 0.00 . (3 Applied farce
o r i Settings
0.50 o o 8 —=  — R
L o 1.35—t+ — . —. B verification
i ’77 o & Dimensioning
1.20 o & Staiity
+2 —
7 |verification:  add Rernove | [1] In detall ”
+I —I* - B C L I 2 b Soil: IC\ass F4, consitency very stiff Sr<0.8 j
Force Force Fx Fz | Pt. of applicat. | Coeff. T
I~ Edit soil parameters
number [kMfrn] [ [kNfm]| % [m] | z [m] [-] Ty 110 [-]
wo | 24500
P it - wal 00| 4260 nar| oe| tooo)=d ni [ el
2 |resist.on Fr.face 135 ooo] voo] 07| aoog] fffE0 ] =00 fEeE ‘ y
|t prassure A5l 061 151 10| Loon Rai | 170.00 [kPa]
4 fsurch.l - strip 2ael 1v1) 1.35] -1.29) 1000 Werification
DOYERTURNING: ACCEPTABLE 149,9%)
TRANSLATION: ACCEPTABLE (34,1%)
ECCENTRICITY: ACCEPTABLE (27,68%)
FOUNDATION SOIL:  ACCEPTABLE (31,3%)

Fig. 2.39 — Results after verification and their layout on the desktop

Column “F” contains coefficients to adjust magnitudes of individual forces. The program allows
you to edit these coefficients directly in the table. All coefficients are initially set to 1.00, but you
are able to modify these coefficients as necessary. For example, if you wish to see results derived
when excluding the front face resistance from the analysis you simply set the relevant coefficient
to zero and the entire verification analysis is carried out again. Note that in such a case the force
corresponding to the front face resistance is not displayed on the desktop (see Fig. 2.40).
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Geod - Gravity wall [D:\Bin\data_prikladyAGTEST.gtz"]
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Fig. 2.40 — Results after verification analysis and their layout on the desktop

In addition, you can modify parameters and bearing capacity (Rd) of the foundation soil together
with the coefficients of reduction of friction and cohesion between foundation and soil.
Corresponding entry fields are located on the right of the work area. Concise results of the
verification analysis, pertinent to new input data, appear on the right bottom corner of the work
area. To get more information click on the “In detail” button (see Fig. 2.41).

= Verification o [=] 3
Entire wall wverification: - l

Check for overturning stability:

Resisting moment Mres = 0.9% 45,35 = 41,71 kNmw/m
Crrerturning moment Move = 21.04 kMNmw/m

Wzall for overturning iz ACCEPTAELE

Check for translation:

Resisting lateral force Hres
Abotive lateral force Hact
WMall for translation iz ACCEPTAELE

0.9*% 44.24 = 39.81 KMN/m
14.939 kN/m

Forces acting at the center of footing bottom:

rrerall moment = E.96 KMNm/m
Hormal force N = EZ2.11 KMN/m
Shear force Qo= 14.99 kKN/mw

Verification of bhearing capacity of foundation soil:
Eccentricity of normal force e = 11.44 cm
Maxirmwn allowahle eccentricity e,allow = 39,60 cm
Eccentricity of the normal force is LCCEPTAELE

Stress at the footing bottom Sigma 53.66 kPa
EBearing capacity of foundation soil Rd 170.00 kPa
Eearing capacity of foundation =so0il is ACCEFPTAELE

verall verification - AEBEUTMENT iz ALCCEFTAELE

=
Fig. 2.41 — Detailed description of results of the verification analysis

The proper meaning of buttons “Add”, “Remove”, [1] is explained in the next section.
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2.3.2 Dimensioning

Switch to mode “Dimensioning” using the appropriate item on the toolbar. Internal forces acting
on the structure are again automatically evaluated. To adjust levels of the applied load proceed as
in the previous example. An arbitrary number of analyses can be carried out in this mode.
Default setup corresponds to the verification analysis of the wall stem design (see Fig. 2.42).

Geod - Gravity wall [D:\Bin\data_piiklady\GTEST gtz"]

Ele Edit Data Analysis Options Help

# Dasktop
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100.00 3 £ Sails
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. _ s —

{1 Geometry
32,17 LT &7 Material
T &% Ground

gﬂ Water

T Surcharge
I o FF Resistance
Beta: 0.00 - = 3 Applied force

% P ped
s — — o8 Settings
oso)l—  — [CR— —
L — I E wverification
i EH Dimensioning
=0 4 4 stabitty

2.00

||| Dimension.:  Add Remove | [1] In detall ”
+| ‘|* & B 5 [J | E - F ocation of dimensioning
Force Force Fx Fz |Pt. of applicat. | Coeff. |Wa\| stem werification j (Biziei | 0,10 i ‘
riumer Lt/ | knyfrn] | ¢ [m] | 2 [m] 8 all stem verification
ki fweight - wal 000) 9217 054 -0.80] 1000 d SHEAR: ACCEPTABLE  (4,8%)
2 sctive pressure G611 1.77| n0oo| -1.00 1.000 PRESSURE AND BENDING: ACCEPTABLE  (D,7%)
3 Jsurch.1 - strip 625 167 0900 0971 1.000

Fig. 2.42 — Detailed results of dimensioning analysis No. 1

The “Add” button allows you to add another analysis (individual analyses are displayed on the
bar as [1], [2], [...] and are mutually independent). Using the drop-down list select the item
“Wall stem check”, which automatically calls the analysis solver. Results then appear on the
bottom of the work area (see Fig. 2.43).

To move between individual analyses, use the [1], [2] buttons. The “Remove” button can be
used to remove the current analysis.
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| Active pressure 661 0.61 151 -1.60 1.000
A 4surch. 1 - strip 222 171 125 -1.25) 1.000

Fig. 2.43 — Detailed results of dimensioning analysis No. 2

Verification analysis at the construction joint is performed similarly. Analysis results are shown

in Fig. 2.44.

Geod - Gravity wall [D:\Bin\data_piiklady\GTEST.gtz"]

FEle Edit Data Analysis Options Help

[DEE & » o |aac ¢ el

100.00

Beta: 0.00

& Stability

L
||| Dimension.:  Add Rermove | [11 | [2] I [a] In detall ”
+[=[® 5 b T e - F nocation of dimensioning
Force Force Fx Fz |Pt. of applicat. | Coeff. |Venﬁ\:atlun at construction ch Depth: | 100 [m] ‘
number Getyjrn] ) ktifrn] | 3 [m] | 2 [l bl erification at construction joint 1.00 [m]
b0 Eeight - wall 0.00] 13.800 040f -0.47] 1000 LI SHEAR: ACCEPTABLE  (1,4%)
2 sctive pressure zodl o7al o7ol 033 1000 PRESSURE AND BENDING: ACCEPTABLE  (0,2%)
g Jsurch.1 - strip oo o000 ov0f -1.00) L.000

Hf Dasktop
Profile

£ Sails

B assign

{1 Geometry
27 Material

2 Ground

;ﬂ; Water

"m Surcharge

o f FF Resistance
% &pplied force
32 Sethings

5] werification

E Dimensioning

Fig. 2.44 — Detailed results of dimensioning analysis No. 3
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2.3.3 Verification analysis of external stability

Providing you have the module “Stability of slopes” you may calculate the external stability of
the wall structure. To activate this module, click on the item “Stability” on the vertical toolbar
(see Fig. 2.45). The “OK” button then imports the results derived from the stability analysis
back to the module “Gravity wall”. However, when changing the input data in the module
“Gravity wall” the previously obtained results are automatically deleted and the stability
analysis must be run again.

=Stability - Gravity wall
Fle Edit Data Run Opfions Help
BE®m-elaqale Dumal
Stage of construction: =S5 3% ”E
2% Desktop
| &8 Interface
-._____.._-—— Ll Entaarite
e =zl i |
£ Soils
8 Rigid bodies
. B3 sssign
=4 snchors
Tmm Surcharge
< Water
F4 analysis
T H Ranges |Interface: [t Soloct | = add = Edit = Remove |Pnint: 2 (e X‘
List of interfaces Current interface
+[=[%] interface name Interface tyae; [ =)= Coordinate Biiribs
» 1 |Ground = I number % [m] Z [m] = ;04 |
2 |interface 1 LA -6.50 97.90 ;I
3 |interface 2 ! | 2 -1.35 a7.00 = Exif |
4 Jinterface 3 3 -39 92.00 =
5 finterface 4 4 -0.90 98.00 4|— Eemays
— 5 -0.50 100.00
g 0.00 100.00 -m
\4" 7 2.00 100.50
= [ 7.80 100,50 X Cancel
\

Fig. 2.45 — Verification analysis of external stability

2.3.4 Data check

Before each analysis (verification analysis, dimensioning) the program checks all input data. If
the input data are not properly set (e.g. no soil is assigned to a certain layer in the ground profile)
the program prompts an error message (see Fig. 2.46) and the user is asked to correct them.

0 Mo sail is assigned to the interface Mo, O

Fig. 2.46 — Example of an error message during the input data check
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2.3.5 Text outputs

From the menu item “File” select “Text printout” or click on an appropriate button on the
toolbar to open the text printout dialog box (see Fig. 2.47). On the left part of the work area,
mark items you wish to print out and then click on the button “Generate” to create an output
protocol. Since the protocol is generated not before pressing this button it always complies with
the current data. The basic user’s guide “A tour of the program environment”, (chapter 2,
section 2.5.1. “Text printouts”), provides a thorough discussion on handling the text output
dialog box.

Gravity wall - output document _ O] =]
| Generate  [] | Q| =1 |:|| | View only “_'ﬁ' Courier Mew jl_jllS 3” B T 10 | £ = || = |

Gravity wall analysis - input data: (Task - ) =
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Point Layer Soil

Geometry of structure

" Wo. [m]
Material 1 - So0il No.: 1
::Eg&?ﬁ;ﬁg\?ter table So0il parameters
~[v|Resist, on Fr.face Haterial phi o delta  gamws
Appled forces ldor.] [kFal  [dgr.] [EN/m3]
fnalysis setup Soil No.: 1 30.00 5.00 o.oo0 Z0.00
B[] wall check Class Fl, consistency stiff 29.00 g.00 o.oo0 19.00

werification analysis Mo, 1
Active pressure - inputs - X
Active pressure - distribution Material gartns, Sat porosity gamma,sk  ganmwa, Su
Forces an structure [/ 1031 to-11 [RN/m3] RN/ 03]
[¥Final check Soil Mo.: 1 20.00 - - i0.00
[ Wall dimensioning Class F1l, consistency stiff 19.00 - - 9.00

S0il parameters to compute uplift pressure

Geometry of structure
Foint Ordinace Depth

Mo. X [m] Z [o]
1 0.0o0 0.00
2 o.o0 2.00
3 -0.13 2.54
4 -0.20 Z.50
5 -0.20 2.00
3 -0.50 0.00

The origin [0,0] is located at the wost upper right point of the wall.
Wall wolume per unit length =1.83 m3/m. b

Material parameters of structure:
Bulk weight gamma = 23.00 KN/m3

Concrete : Concrete B 20
Compressive strength Fhad = 11.50 MPa

) e~ = re e =l

row: 1 column: 1

Fig. 2.47 — Text outputs setting
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2.3.6 Graphical outputs

To request a graphical printout you may proceed in two different ways. In general, plots
displayed on the desktop are printed out using the “Graphic printout” button located on the
toolbar or the same item from the menu. The final step just requires the printer parameters setup
(see Fig. 2.48) and printout confirmation.

Print zetup EE3 |
— Printer
Froperties |

M amne: HP Lazerlet 2100 Series PCL Be

Status:  Wichozi tizkarna; Pripravena
Type: HF Lagzerlet 2100 Senes PCL Se

Layout:  LPTI:
camrent:
— Paper Orientation
FPaper §ize:| j E " Partrait
SOurce: IZéSDbnikE j % | andscape

— Print propertiesz

™ color printouts of contours and texts Mumnbering pages I'I 3:

Metworl ... Header. .. [].4 Cancel
| I |

Fig. 2.48 — Graphic printout

The second option exploits the “Copy picture” button (see the same command in the menu).
This command copies the selected picture to the clipboard. The “Insert” button then allows you
to import the picture into an arbitrary editor (e.g. Microsoft Word, see Fig. 2.49).

3.00 ) $ $
100.00 ﬁo

—
N

1.20 -

Fig. 2.49 — Picture copied to the clipboard
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