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Introduction to csi SAF
software & foundation

Week 1



1. Introduction

Foundations are components of a structure which ultimately transfer loads from
the superstructure safely into the soil. Foundations are alternatively named as
footings. Depending on the mechanism and the depth of the soil to which the loads
are transferred, foundations can be broadly categorized into shallow foundations
and deep foundations. Shallow foundations are those where the foundation loads
are transferred to a soil at shallow depth and where the load transfer mechanism is
predominantly through resistance of the soil at the bottom of the foundations. The
depth of shallow foundations is usually less than their largest dimension.
Foundations which transfer the superstructure load to a soil layer found a large
depth are said to be deep foundations. The resistance soil force on deep
foundations is generated through two mechanisms; namely, tip resistance and side
friction. This tutorial is entirely about shallow foundations.

Depending on the number and arrangement of columns they support and their
geometry, shallow foundations can be classified into isolated, combined, strip and
mat.

Isolated footings (or as sometimes called spread or single footings) are footings
which support only one column. The load from the column may be only
concentrated load, only moment or a combination of concentrated load and
moment. The shape of the footings may be square, rectangular or circular.

Combined footings are footings which support a number of columns along a single
row. The number of columns is usually two. However, more than two columns can
also be present on combined footings all aligned along a single row. The ratio of
the longer side to the shorter side of these foundations shouldn’t be considerably
large. The shape of combined foundations can be either rectangular or trapezoidal.

Strip foundations are those foundations where the shorter dimension of the
foundation is negligible as compared to the longer dimension. The load on strip
foundations may come either from a number of columns are from a long wall.

Mat foundations are foundations which support many columns arranged in more
than one row ie. in two dimensions. These foundations may support all the
columns of the entire building or a number of columns from portion of the

building.

During this tutorial, it is assumed that the user has prior knowledge about the
theoretical design process of shallow foundations.



Design of isolated Single Column Footing

Week 2-3



2.

Isolated (Single) Footing

In this part of the tutorial, an isolated footing will be designed in three different
ways. First, a square isolated foundation will be designed using the built-in model
of the software itself. Then a rectangular isolated foundation will be designed using
grids. Lastly, a circular foundation will be designed by importing the geometry from
AutoCAD. In all sections, a design problem will be given first and the procedures

which will be followed to carry out the design process in SAFE program will be
detailed.

2.1. From the Built-in Model

Design a square isolated footing with the following parameters:
*  Dimension of the footing: 2.5mX2.5m
STEP *  Dimension of the colummn: 0.5mX0.5m
L Ultimate bearing capacity of the soil : 100kN/m?
*  Maximum allowable settlement of the foundation: 10mm
*  Concentrated load (DL) : 300kN
*  Concentrated load (I.L): 140kN
*  Grade of concrete: C-25 (25MPa 28-day characteristics cube strength)
*  Grade of reinforcement bar (rebar): S-300 (300MPa characteristics yield
strength)
*  Ouverall thickness of the foundation: 500mm
*  Concrete cover : 50mm
*  There are no bending moments on the column
Creating the Model

To create a footing model from the built-in program, there are three ways.

a. Go to File menu and click on New Model ...

b. Click on the icon D . This icon is the first among the list of icons just
below the menu bar.
c. Simply click on the Cttl and N keys simultaneously (Ctrl+N).

Performing one of the above three ways results in the popping-up of the

following ‘New Model Initialization’ window.



324 New Model Initialization EHE

[~ Design Data
Design Code BS 8110-1997 |
Design Preferences Modify/Show... l
Project Information Modify/Show... l
Units (Currently Metric) Modify/Show. .. I
"~ Initial Model
Blank Flat Slab Flat Slab Two Way Slab  Base Mat
Perimeter
Beams
11 v
"
Grid Only Waffle Slab  Ribbed Slab  Single Footing  Combined
Footing

Figure 1

This window consists of two parts: the ‘Design Data’ part and the ‘Initial Model’
part. In the ‘Design Data’, there are ‘Design Code’, 'Design Preferences’,
‘Project Information’ and ‘Units’.

The ‘Design Code’ consists of a list of selected design codes from many countries.
Depending on the suitability of the code for your country, you may select one
among the list of codes. The design code which follows similar design philosophy
to my country code is BS 8110-1997. So, this design code is selected.

After selecting the design code, it is better to first select the units to be used in the
design and analysis process. These units can be selected by clicking on the
‘Modify/Show’ button in front of ‘Units’. The following window pops up when
the button is clicked. To choose metric units, click on ‘Metric Defaults’ button.
The click results is metric units for best practices to be selected. It can be observed
that, even though all the units are metric, they are not consistent. To select a
preferred consistent unit, click on the ‘Consistent Units’ button. In this ‘Units’



window, the decimal places and minimum number of significant digits for any
quantity can also be modified.

i units 21|
File
Quick Units
U.S. Defaults Metric Defaults Consistent Units... ) I
~Units
Item Units Units Label Decimal Min. Sig. Zero Always Use |
Places Figures Tolerance E Format
Structure |
Coordinates KN, m, C m 5 2 1.0000E-20 | No
Absolute Distance KN, m, C m 5 2 1.0000E-20 No
Relative Distance 4 2 1.0000E-20 No
Angles 3 2 1.0000E-20 No
Section Dimensions [
Length KN, mm, C mm 3 2 1.0000E-20 | No
Area KN, mm, C mm2 2 | 2 1.0000E-20 | No
Length4 KN, mm, C mm4 2 2 1.0000E-20 No
Rebar Area KN, mm, C mm2 | 3 | 2 1.0000E-20 | No
Rebar Area/Length mm2/m  mm2m | 3 | 2 1.0000E-20 | No
Displacements ‘ |
Translational Displ KN, mm,C | mm 6 | 2 1.0000E-20 | No
Rotational Displ | 6 2 1 OOOOE-?_O No
Forces ) 1 | .
Force KN, m, C kN 3 2 1.0000E-20 No
Force/Length KN, m, C kN/m 2 2 1.0000E-20 No
Force/Area KN, m, C kN/m2 2 2 1.0000E-20 | No
Moment KN.m.C KN-m 4 2 | 10000E20 | No
Mnament/l enath KN m kN-m/m 4 2 1 NNNNF-2Nn Nn ﬂ
OK Cancel
Figure 2

By clicking on the ‘Modify/Show’ button in front of the ‘Project Information’,
information regarding the project, the company and the model can be entered.

By clicking on the ‘Modify/Show’ button in front of the ‘Design Preferences’,
the user preferences regarding the design code, concrete cover for slabs and beams,
post-tensioning can be changed. The following ‘Design Preferences’ window
pops-up when the button is clicked. The ‘Min. Cover Slabs’ tab of the window
may be of interest for this particular problem as footings will be modelled as slabs.



Thus, click on this tab. This is the tab where the concrete cover and preferred rebar
size will be entered.

154 Design Preferences ?| X
i# B

Code Min. CoverSlabs | Min. Cover Beams | P/T Stress Check [

Non-Prestressed Reinforcement

Clear Cover Top (mm) | 50
Clear Cover Bottom (mm) | 50
Preferred Bar Size 20
Inner Slab Rebar Layer | Layer B

Post-Tensioning
CGS of Tendon Top (mm) |25
CGS of Tendon for Bottom of Exterior Bay (mm) | 40
CGS of Tendon for Bottom of Interior Bay (mm) ‘ 25

Minimum Reinforcing

Slab Type for Minimum Reinforcing | Two Way L’

Reset Tab Defaults |

OK Cancel

Figure 3.

In the ‘Min. Cover Slabs’ tab, for ‘Non-Prestressed Reinforcement’ , both the
‘Clear Cover Top’ and ‘Clear Cover Bottom’ should be set to 50mm as the
concrete cover in this design problem stated to be 50mm. The ‘Preferred Bar Size’
can be set to any reasonable value. Here, the ‘Preferred Bar Size’ is set to 20 which
is the diameter of the rebar in mm which will be used as the main reinforcement in
the foundation. Leave the rest at they are.

Once everything is set correctly in the ‘Design Data’ box, go to the ‘Initial Model’
box and select the suitable model. Since, an isolated (single) footing will be designed
click on the big square button just above ‘Single Footing’. The button itself shows
a plan view of an isolated footing. When the button is clicked, the following ‘Single
Footing’ window will pop up. In this window, there are three boxes: ‘Plan
Dimensions’, ‘Load’ and ‘Properties’.



In the ‘Plan Dimensions’ box, the footing and column dimensions will be entered.
While entering the footing dimension, it is the distance from the center of the
column to each of the edge which will be entered not the actual dimension of the
footing. Since the column is located centrally on a 2.5mX 2.5m square footing, the
distance from the center of the column to all the edges of the footing will be 1.25m.
Thus, set all the values of ‘Left Edge Distance’, ‘Right Edge Distance’, “Top
Edge Distance’ and ‘Bottom Edge Distance’ to be 1.25m. These values may be
accordingly changed depending on the location of the column on the footing.

i#{Single Footing 21X

Plen Dimensions Load

Along X Direction Dead Live ‘
Left Edge Distance 125 m P 1300 140 kN '»-i
Right Edge Distance [125 M [0 o kN-m ‘

My |0 0 KN-m

Along Y Direction

Top Edge Distance 125 m
Bottom Edge Distance 1.25 m
Properties
Load Size Footing Thickness 0 mm L
Load Size (square) 500 mm Subgrade Modulus oo kwim3 Cancel
Figure 4.

The text field in front of the ‘Load Size (Square)’ is the field where the column
size for square columns will be entered. Since in this design problem, the column
is of dimensions 500mmX500mm, enter 500 in the text field as the unit is already
in mm. For column shapes other than square, just enter a preliminary column
dimension and you can change both the shape and size of columns at a later time.

In the ‘Load’ box, enter the concentrated loads and moments in the column
depending on their type as ‘Dead’ or ‘Live’. In this particular problem, there is
300kN concentrated dead load and 140kN concentrated live load with no
moments. Thus, enter these values as shown in Fig. 4.

In the Properties’ box, the footing thickness and the subgrade modulus of the soil
will be entered. The footing thickness of the footing is given to be 500mm. Thus,
enter this value as shown in fig. 4. However this value may be revised depending
on the punching shear requirements at a later time. The subgrade modulus of a soil
is the ratio of the increment of contact pressure to the corresponding change in
settlement. In the absence of a supportive test to determine its value, it can also be
safely approximated by the ratio of the bearing capacity of the soil to the maximum



permissible settlement in the soil. In this particular problem, the subgrade modulus
can be approximated by 100kN/m?/10mm = 10000kN/m>. Thus enter this value
in the text field in front of the ‘Subgrade Modulus’. Then press the ‘OK’ button.
This exits the ‘Single Footing” window and a plan view of the foundation will be
displayed on the main screen. You can zoom in and zoom out using the wheel of
your mouse or using the tool bar under the menu bar.

i23SAFE 1232 (Untitied) =1ol>
file Eot View Define Draw Select Assign Design  Run  Display Dewiling Tools Options Help

D20 /76 QR AQAQAY § wxrizl afiv OS b vt ] |

353 Mogel Explorer X| | i Pran View X

Model | Display | Dotailing |
= Model Desnsoas

# Coordnae Syskems
= Propedy Defindors
- Matarials A

5 StbProperes S\
FOOTING f 4 R

Wall Propores
% Sod Subgrade Propesies
9 PostSprngPropenes
4 Lina Spring Propectes
=} Load Defsons

AN Y/ Bl W « =

3 Losd Pasems

4 LoadCases

- Avea Objects (Siab, Wail Ramp, Nub)
Line Obyects (Beam Column, Brace. Nul
Tendon Objects
Stab Rebar Objects

@
2

$ Design Stip Objects

=] 4 Port Objects

Figure 5

The column shape and dimensions can be changed at this stage. The column is
shown at the center of the plan view in Fig.5 with somewhat darker color. Changing
the originally square column to rectangular column is a pretty easy process and
there are different options to do that. The simplest one is to draw the column from
the ‘Draw’ menu. For this, delete the existing column with unwanted shape and go
to ‘Draw’ menu and click on ‘Quick Draw Areas Around Points’. Or simply click

on the equivalent icon on the left hand side tool bar and the following window
will pop up.

129 Quick Draw Areas Around Points sm

Type of Object Slab
Shape of Object Circular Slab

Property STIFF
Diameter [m] 0.5

Figure 6



In this window, change the ‘Shape of Object’ to the shape that you want and the

property to ‘STIFF’, enter the dimensions and click on the footing where you want

the column.

The other way to change the shape of columns is to left click on any edge, then

right click on the left clicked edge and a ‘Point Object Information’ window pops
up. In the ‘Geometry’ tab of this window, you can change the X,Y,Z coordinates
of the corner to any desired value. Through similar process on other corners of the

column, the shape of the column can be converted into any desired quadrilateral or

triangular shape. To change the column into other shapes and sizes, hover over the
column in the plan view and right click on any point inside the column. On the

right click, the following window pops up.

124 Slab-Type Area Object Information

Area Object Name [LoAD1

Assignments

Geometry I Loads l Design |

Number of Points/Edges 4. =
Edge Type

Edge 1 Straight

Edge 2 Straight

Edge 3 Straight

Edge 4 Straight
Point Global X, Y, Z Coords (m) ‘

Point 1: 5 -0.25,-0.25,0

Point 2: 6 0.25,-0.25,0

Point3: 7 0.25,0.25,0

Point 4: 8 -0.25,025,0 ||
Total Area 250000 |

Reset All

2| x|

Figure 7

OK
_ Cancel |

Cancel



Then by clicking on the ‘Geometry’ tab, any edge of the originally ‘Straight’ side of

the square can be changed to some selected geometric shapes.
STEP 2: Defining Material Properties

The materials which are involved in the design of the footing should be defined
before the analysis. These materials are the concrete, the reinforcement bar (rebar)
and the soil which is already defined. Thus, the concrete property and the rebar
property will be defined here.

The material definition can be carried out in two ways.

The first one is through the ‘Define’ menu in the menu bar. The other one through
the model explorer on the left hand side of the home window. To define material
properties through the former method, click on ‘Define’ menu and again click on
‘Materials...

>

resulting in the following window depending on prior material
definitions.

Materials Click to:

co ] | Add New Material Quick...

Concrete
CSA-G30.18Gr400

Add New Material...

Rebar [
Tendon l
[

Add Copy of Material...

Modify/Show Material...

Figure 8

The list in the ‘Materials’ box may not be exactly as it appears in your widow.
However, that doesn’t bring any change in the outcome of the design process as
you can customize this list any time.

The ‘Add New Material Quick...” button allows you to define materials quickly
from a list of pre-defined materials. The ‘Add New Material’ button allows you
to define materials by changing their properties. The ‘Add Copy of Material’
button allows you to define a material with same property as an already defined
matetial. The ‘Modify/Show Material’ button displays the property of an already



defined material with the possibility of modification. The ‘Delete Material’ button,
when active, deletes a defined material property.

For this particular problem, we will define concrete and rebar properties through
the ‘Add New Material’ button. Thus, click on this button. This can also be
achieved by right clicking on ‘Materials’ on the model explorer and selecting ‘New
Material’. The following window pops up in ether cases.

General Data

Material Name C25

Material Type [Concrete

Material Display Color \ [ Change...

Material Notes | Modify/Show Notes. .

Material Weight
Weight per Unit Volume

Isotropic Property Data
Modulus of Elasticity, E 23000
Poisson's Ratio, U 0.2
Coefficient of Thermal Expansion, A 10E-06
Shear Modulus, G 112083 33333

Other Properties for Concrete Materials

Concrete Cube Compressive Strength, fcu

[] Lightweight Concrete

ar Strength Reduction

Figure 9

This is the window where material properties are defined. First, let us define the
concrete property which will be used in the design. Put any name for the material
in the text field in front of ‘Material Name’. But, it is important to make sure that
the concrete with the defined material name is assigned for the footing. For this
particular problem, let the name of the concrete to be used be ‘C25’. Since we are
defining a concrete, the ‘Material Type’ should be set to ‘Concrete’.



The unit weight of reinforced concrete may vary depending of the design code of
your country. Thus, enter the unit weight of reinforced concrete stipulated in your
country code in the text field in front of ‘Weight per Unit Volume’. For this
particular example, we will use 25kN/m’.

For C-25 concrete, the modulus of elasticity according to BS 8110-1197 is around
29GPa. Thus, enter this value in the text field in front of ‘Modulus of Elasticity,
E’. If you selected another design code in step 1 while creating the model, you
should refer to actual value of this parameter from the code and enter it accordingly.
Be aware of the units though.

The values of Poisson’s ratio and coefficient of thermal expansion may also be
defined in the design code and should be entered accordingly. For this particular
problem, a value of 0.2 for ‘Poisson’s Ratio, U’ and a value of 10x10°/°C for
‘Coefficient of Thermal Expansion, A’ will be entered. The ‘Shear Modulus, G’
will be automatically calculated in an uneditable text field.

The grade of concrete for this particular problem is C-25 which is a concrete with
28 day characteristics cube compressive strength of 25MPa. The concrete
designation may be different for different country codes but the concept is the
same. Therefore, enter 25 in the text field in front of ‘Concrete Cube
Compressive Strength, fcu’.

If a lightweight concrete is used, check on ‘Lightweight Concrete’ and enter the
corresponding ‘Shear Strength Reduction Factor’ in the space provided.

When you press on ‘OK’, a concrete material with the above properties will be
added to the list of materials. This material will be assigned for the footing before
the analysis.

After defining the concrete property, the program returns to the window shown in
Fig. 5. To define a rebar property, we will follow the same procedure as we followed
while defining the concrete property. Since a new rebar property will be defined,
click on the ‘Add New Material...” button. A ‘Material Property Data’ window
pops up and when you change the ‘Material Type’ to ‘Rebar’, the window appears
to look like the following.



224 Material Property Data [il—i—&r

General Data
Material Name S300

Material Type [ Rebar > l

Material Display Color B e |

Material Notes [ Modify/Show Notes... }

Material Weight
Weight per Unit Volume 77.0085 kN/m3

Uniaxial Property Data
Modulus of Elasticity, E 200000 N/mm2

Other Properties for Rebar Materials
Minimum Yield Stress, Fy 300 N/mm2

Minimum Tensile Stress, Fu 300 N/mm2

Figure 10

Change the ‘Material Name’ to any name you want. Here, we name it ‘S300’. The
material type should be ‘Rebar’. The weight per unit volume of steel is stipulated
in the design code. For BS 8110-1197, the weight per unit volume is 77.0085kN /m”.
Thus, enter this value in the text field in front of ‘Weight per Unit Volume’. The
modulus of elasticity for reinforcement bars according to the same design code is
200GPa. Thus enter this value in the text field in front of ‘Modulus of Elasticity,
E’ considering the unit.

In the ‘Other Properties for Rebar Materials’ box, two quantities are mentioned:
minimum yield stress and minimum tensile stress for the reinforcing material. The
values of these parameters will be specified in the design code which you defined
earlier. If the code assumes that the rebar material exhibits elastic perfectly plastic
behavior, the values of these two quantities will be the same. The grade of steel to
be used for this particular example is S-300. The yield stress for this type of
reinforcement bar is 300MPa. Since the design code of my country assumes that
rebars exhibit elastic perfectly plastic behavior, the minimum tensile stress will also
be 300MPa. Thus enter 300 in both text fields in front of the ‘Minimum yield



stress, Fy’ and ‘Minimum Tensile Stress, Fu’. Then press ‘OK’ in both
‘Material Property Data’ and ‘Materials’ windows concluding the material
definition step.

STEP 3: Defining Footing and Column Properties

After defining the material properties, the footing and column properties can be
defined. This definition can take place in two ways: from the menu bar and from
the model explorer. In SAFE software, footings are modelled as ‘footings’ and
foundation columns are modelled as ‘stiff’.

To define footing and column properties from the menu bar, go to ‘Define’ menu
and click on ‘Slab Properties...”. The following window will pop up.

154 Slab Properties 2| X|
Slab Property [ Click to:
FOOTING Add New Property.
STIFF pery

Add Copy of Property...

Modify/Show Property...

OK

o |

Figure 11

In the ‘Slab Property’ box, two foundation components are listed. The names in
this box for your particular design may be different from the list of names in the
box. The FOOTING’ corresponds to the bottom slab portion of the foundation
and ‘STIFF’ corresponds to the foundation column. The ‘Add New Property...’
button prompts the user to enter new properties for the footing and foundation
column while the ‘Add Copy of Property...” copies the property of an existing
slap. The ‘Modify/Show Property...” allows the user to show the property of an
existing component with the possibility of modification. When the ‘Delete
Property’ button is active, it allows the user to delete an existing slab property.

In this case, we use the ‘Modify/Show Property...” button. However, one can
also use the ‘Add New Provertv. . > button To use ‘Modifv/Show Probertv. . >



button, highlight the foundation component to be modified like the FOOTING’
is highlighted in Fig. 8 and click on this button. Since FOOTING?’ is highlighted,

we will be modifying the footing property. The following window appears after the
click.

i:gj Slab Property Data ilé[

General Data

Property Name ‘FOOTING

Slab Material [c25 =
Display Color B crenge. |
Property Notes | Modify/Show... |

Analysis Property Data

Type |Footing Ll
Thickness I5UD mm
M Thick Plate I”  Orthotropic

OK Cancel

Figure 12

The ‘Property Name’ will be automatically assigned to ‘FOOTING’. The ‘Slab
Material’ should be set to the concrete grade which is defined in step 2. Since the
name of the concrete material defined in step 2 for this particular problem is ‘C25’,
a material with this name should be selected from the list.

In the ‘Analysis Property Data’ box, “Type’ should be set to ‘Footing’ as we are
modifying the footing property. The “Thickness’ value should be set to the same
value as the one which is used while creating the model. Since the thickness of the
footing is 500mm, this value is entered in the text field corresponding to
‘Thickness’. As footinos are modelled as thick bplates. check the ‘Thick Plate’



option. The ‘Orthotropic’ check box is selected when a footing with irregular
dimension is to be used.

When you press ‘OK’, the ‘Slab Property Data’ window will be exited and the
‘Slab Properties’ window in Fig. 11 gets activated. Now, the property of the
foundation column will be modified. To do this, highlight ‘STIFF’ in the ‘Slab
Property’ box and click on the ‘Modify/Slab Property...” button. The following
window appears after the click.

154 Slab Property Data 2] x|
General Data
Property Name [STIFF
Slab Material [c2s =]
Display Color | Change...
Property Notes | Modify/Show... |

Analysis Property Data

Type Stiff >
Thickness 500 mm
V¥ Thick Plate " Orthotropic
OK Cancel
Figure 13

The ‘Property Name’ will be automatically assigned to ‘STIFF’. The ‘Slab
Material’ should be set to the concrete grade which is defined in step 2. Since the
name of the concrete material defined in step 2 for this particular problem is ‘C25’,
a material with this name should be selected from the list.

In the ‘Analysis Property Data’ box, “Type’ should be set to ‘Stiff’ as we are
modifying the footing property. The “Thickness’ value should be set to the same
value as the one which is used while creating the model. Since the thickness of the
foundation column and the footing are equal, the thickness of the ‘Stiff’ is 500mm,
this value is entered in the text field corresponding to “Thickness’. As foundation
columns are modelled as thick plates, check the ‘Thick Plate’ option. The
‘Orthotropic’ check box is selected when a column with irregular dimension is to
be used.



When you press ‘OK’, the ‘Slab Property Data’ window will be exited and the
‘Slab Properties’ window in Fig. 8 gets activated. Again press ‘OK’ and exit the
window for defining the footing and foundation column.

STEP 4: Defining Load Patterns, Load Cases and Load Combinations

The loads on the foundation should be defined accordingly before the analysis.
First, the load pattern should be defined. This can be done from the ‘Define’ menu
or from the ‘Model Explorer’. This time, we will do it from the model explorer.
In the model explorer, expand ‘Load Definitions’ and you will see ‘Load
Patterns’. When you expand ‘Load Patterns’, you will see ‘DEAD’ and ‘LIVE’.
At the end, the model explorer appears to look like:
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Now, right click on ‘Load Patterns’ and click on ‘New Load Pattern’ and the
tollowing window pops up.
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In the ‘Load Patterns’ window, two load patterns are already defined: ‘DEAD’
and ‘LIVE’. The ‘Type’ of the ‘Load’ should also be changed accordingly. There
are many options for type of loading. The “Type’ for dead loads should be set to
‘DEAD’ and for live loads ‘LIVE’. If there are other types of load patterns on the
foundation such as earth quake load, you can add the load pattern with the ‘Add
Load Pattern’ button. You can also delete any undesirable load pattern using the
‘Delete Load Pattern’ button. Since in this example, we have only dead and live
loads, we will leave the existing load patterns as they are. The ‘Self Weight
Multiplier’ value should also be changed accordingly. This value imparts the option
whether to include or exclude the self-weight of the foundation in addition to
external loads. If the self-weight of the foundation is already included as an external
dead load or if you want to exclude the effect of self-weight from the analysis, the
value under ‘Self Weight Multiplier’ should be set to zero. In this example, we
will consider the self-weight as an additional load to the external dead load. Thus,
the value under ‘Self Weight Multipliet’ for the ‘DEAD’ load is one. For the
‘LIVE’ load, it will be zero. Press ‘OK’ and the window will be exited.

After this, the load cases will be defined. Load cases are used to dictate the way the
loads are applied (statically or dynamically) or the way the structure responds
(linearly or non-linearly) for the defined load patterns. To define a load case, go to
‘Define’ menu and click on ‘Load Cases...”. The following window will pop up
after the click.
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The load patterns which were defined eatlier will automatically appear in the list of
‘Load Case Name’ of the ‘Load Cases’ window. The ‘Load Case Type’ column
shows the way in which each load pattern will be applied during analysis. If you
want to modify this, highlight the load pattern for which you are going to change
the load case type and click on the ‘Modify/Show Case...” button. If you click
this button, the following window will appear. In this window, you can change the
way the load is applied from the ‘Load Case Type’ box. The way the structure
responds can also be selected from the ‘Analysis Type’ box. This problem ‘Static’
is for the ‘Load Case Type’ and ‘Linear’ is selected for the ‘Analysis Type’ since
the load is static and the foundation responds linearly. The scale factor for the dead
load in the ‘Loads Applied’ box will be left as one. Press ‘OK’ and exit the window.

The load case type for the live load should also be ‘Linear Static’. Otherwise, it
should be changed by clicking the ‘Modify/Show Case...” button to linear static
case. If both the load case types are as desired click ‘OK’ and exit the ‘Load Cases’
window.
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Definition of the load combinations will be the next step. Two load combinations
will be considered in this example for ultimate limit state and serviceability limit
state. To define load combinations, go to ‘Define’ menu and click on ‘Load
Combinations...” and the following window pops up.
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New load combinations will be added through the ‘Add New Combo...” button.
Here, two load combinations will be added; one for the ultimate limit state the other
for the serviceability limit state. When the ‘Add New Combo...” button is clicked,
the following window appears.
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In the ‘Load Combination Data’ window, any name can be given for the load
combination. The ‘Combination Type’ should be set to ‘Linear Add’ as the
component loads (dead and live) will be added linearly. However, there are also
other options from the drop down menu in front of ‘Combination Type’. In the
window shown in Fig. 19, the two loads (dead and live) should be activated below
the ‘Load Name’ column of the ‘Define Combination of Load Case/Combo
Results’ box. The values in the ‘Scale Factor’ column correspond to the partial



safety factors for load for the failure mode under consideration. These partial safety
factors are specified in the design code of your country. In the design code of my
country, the partial safety factor for dead loads for ultimate limit sate case is 1.3 and
for serviceability limit state is 1 for the cases where there are only dead and live
loads. For such load patterns, the partial safety factor for live loads for ultimate
limit sate case is 1.6 and for serviceability limit state is 1. Thus, enter a value of 1.3
in front of ‘DEAD’ and 1.6 in front of ‘LIVE’ in ‘Scale Factor’ column. The
failure condition which is being under consideration can be defined by selecting
and deselecting the check boxes in the ‘Design Selection’ box. Since the above
scale factors are for the ultimate limit state, check on ‘Strength (Ultimate)’. The
‘Load Combination Data’ window for the serviceability limit state looks like the
following window.
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STEP 6: Drawing Design Strips

Design strips determine the way in which different quantities related to the
reinforcement calculation are calculated. Forces are integrated across the design
strips. Thus, the larger the width of coverage of the design strips within the given
structure, the higher will be the calculated values of the bending moments and shear
forces. Thus, an optimum width of strip is required compromising the safety and
economical requirements. The width of the design strip will be specified in the
design code. According to the code of my country, the width of design strips for
isolated foundations is 1m. Thus, a one meter design strip will be drawn in both X
and Y directions on the foundation. These design strips in X and Y direction are
usually defined in SAFE software as layer A and layer B.

Before drawing design strips, existing design strips, if any, should be deleted. To do
this, follow the following command: ‘Select’>’Select’>’Properties’’Design
Strip Layers’. This results in the following ‘Select Design Strip Layers’ window.

iﬂ Select Design Strip Layers Iﬂé]
Select
Layer A
Layer B
ayer Other

Figure 21

In this window, select all layers and press ‘OK’ and the window will be exited while
any existing design strips are selected. Then press the ‘Delete’ key. This deletes any
existing design strips. After this, new layers of design strips in both X and Y
directions will be drawn.

To draw the design strip, go to the ‘Draw’ menu and click on ‘Design Strips’ and
the following window pops up.
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In this window, the ‘Strip Layer’ should be selected to be either ‘A’ or ‘B’. But if
‘A’ is for design strip in X direction ‘B’ should be for Y direction and vice versa.
Since we are drawing a strip around the column to consider maximum moment and
shear forces, the ‘Strip Design Type’ should be set to ‘Column Strip’. The width
of the strip will be 1m in both directions and since the column will be centrally
located, all the widths will be set to 0.5m. To draw the design strip in the X
direction, without closing the window, left click at the center of one side of the
footing on the plan view parallel to the Y axis and again left click at the center of
the parallel side and right click. This creates a design strip in X direction. In doing
so, if you can’t snap to the center of the side of the footing, you can modify the
snap options by clicking on the ‘Snap Options...

bl

command from the ‘Draw’
menu and adjusting the options which you want to snap to. The design strip in Y
direction can also be drawn in a similar procedure after changing the ‘Strip Layer’
to ‘B’.

You can display the design strips by setting the display options by clicking on ‘Set
Display Options...” from the “‘View’ menu or by simultaneously clicking on ‘Cttl’

and ‘W’ keys or by just clicking on the set display options icon ¥ from the tool
bar below the menu bar. This results in the following window:
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Then, check on ‘Labels’, ‘Show Width’ and ‘Show Stations’ in the ‘Design Strip
Objects’ box and press ‘OK’ and the following window appears displaying the
design strips in the two directions.

Figure 24



STEP 7: Assigning Slab Data, Support Data and Load Data

The slab data, support data, and load data which are defined in the previous steps
should be assigned to the corresponding structural component. The way to do this
is first to select the component and next to assign the slab property, support
property or loads accordingly. The selection can be done by clicking on the
component from the plan view or through the ‘Select’ menu. The latter option
assures that the component is selected exactly as selection by clicking may result in
incorrect selection. Thus, all the selections here will be done from the ‘Select’
menu. The assignments will be discussed as follows:

a. Assigning slab data to the footing
Select the footing through the following strings of commands
‘Select’>’Select’>"Properties’’Slab Properties...”. Then select ‘Footing’ and
press ‘OK’. Then assign the footing property through the following strings of
commands ‘Assign’>’Slab Data’>"Properties...". Then select FOOTING’ and
press ‘OK’.

b.  Assigning slab data to the foundation colunm
Select the foundation column through the following strings of commands
‘Select’>’Select’>"Properties’’Slab Properties...”. Then select ‘Stiff’ and press
‘OK’. Then assign the footing property through the following strings of commands
‘Assign’>’Slab Data’>"Properties...". Then select ‘STIFF’ and press ‘OK’.

¢. Assigning support data to the footing
Select the footing through the following strings of commands
‘Select’>’Select’>"Properties’>’Slab Properties...”. Then select ‘Footing’ and
press ‘OK’. Then assign the footing property through the following strings of
commands ‘Assign’>’Support Data’>’Soil Properties...”. Then select ‘SOIL’
and press ‘OK..

d. Assigning reinforcement data to the design strips
Select each design strip through the following strings of commands
‘Select’>’Select’>’Properties’>Design Strip Layers...”. Then select ‘A’ or ‘B’
(one at a time) and press ‘OK’. When you right click on the selected strip layer, the
‘Slab-Type Area Object Information’ window pops up. In the ‘Design’ tab of
this window, set the ‘Rebar Material’ to ‘S300” and press ‘OK’. Do this for both
strips.

e. Assigning load on the foundation column



To assign load on the foundation column, right click on the point at the center of
the foundation column and a ‘Point Object Information’ window pops up. In this
window, click on the ‘Loads’ tab. Then click on ‘Reset All’ button to delete any
existing loads.

154 Point Object Information | 9 [
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The dead load and the live load can be assigned through the ‘Assign Load...’
button. The procedure is: click on ‘Assign Load...” button, then select ‘Force
Loads’ then press ‘OK’ then select either ‘DEAD’ or ‘LIVE’ depending on which
load you want to enter its value then enter its value accordingly and in the right
direction (axis), then select ‘Add to Existing Loads’ and press ‘OK’. While doing
this, the foundation column dimensions should be entered in the ‘Size of Load for
Punching Shear’ box of ‘Point Loads’ window. You can also delete any forces
which are wrongly entered through ‘Delete Existing Loads’ radio button option.
In this example, since the dead load is 300kN and the live load is 140kN, these

values are entered in the Gravity Direction.



STEP 8: Running the Analysis

After this, the analysis can be run. But, make sure that the footing and the
foundation column are assigned with the correct rebar material. To do this, right
click anywhere in the plan view of the footing and the ‘Slab-Type Area Object
Information’ window will pop-up.
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In the ‘Design’ tab of this window, set the value of ‘Rebar Material’ to ‘S300’.
Do this for the column foundation, and both design strips as well. After this, go to
the ‘Run’ menu and click on the ‘Run Analysis’ command.

STEP 9: Displaying the Output

Once the analysis is run, the output will be displayed. Particularly, the punching
shear design is of great importance as the footing cannot be designed without the
punching shear requirement being adequately satisfied. To do this, go to the ‘Run’
menu and click on ‘Run Analysis & Design’ command or simply click on the ‘F5
key. When you do this, you will be prompted to save the model, if you haven’t
already don this. When you save the model, the following window showing the
displacement of the soil in a banded figure will be displayed.
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To display the punching shear ratio, go to the ‘Display’ menu and click on ‘Show
Punching Shear Design’. After this, the punching shear ratio will be displayed in
the plan view around the foundation column as in the following figure.
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Figure 28

As can be noticed from the figure, the punching shear ratio is 0.3088. Generally, a
punching shear ratio less than one indicates the concrete thickness is adequate to



resist punching shear and a value greater than one indicates that the punching shear
capacity is exceeded somewhere along the critical section. For economical design,
it is recommended to keep the punching shear ratio between 0.95 and 1 as very
small values of punching shear ratio means excess concrete thickness is used.
However, if the punching shear ratio is greater than one, the thickness of the
concrete should be increased and the foundation should be re-designed. A detailed
quantitative description of the foundation design can also be obtained by right
clicking on the plan view shown in Fig 28 as shown below. Several trial may be

made by zooming in and out to get the quantitative description.
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Through the ‘Display’ menu, relevant quantities can be displayed on the screen.
For instance, the ‘Display’>’Show Strip Forces’ command or by simply clicking
the ‘F8 key, the following window will be displayed.
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In this window, the ‘Load Case/Load Combination’ box provides with radio
buttons to select for which particular load case or load combination that we want
to display the output. The ‘Component’ box contains four radio buttons to select
which quantity to display. The ‘Show Forces For These Strip Layers’ box allows
us to select the strip layer for which the quantity is displayed. Both strip layers can
be selected at the same time. From the ‘Scaling’ box, we can select whether
automatic scaling or user defined scaling is used while displaying the diagram. The
‘Display Options’ box allows us to fill or not to fill the diagram and to display or
not to display the values on the diagram. For the preferences shown in Fig. 30, the
following diagram will be displayed.



Figure 31

The ‘Display’>’Show Slab Design...” command results in the window shown in
Fig 32. In this window, several options can be set in order to display the footing
design in the way we wanted to. The ‘Choose Display Type’ box allows us to
select the ‘Design Basis’ between ‘Strip Based’ and ‘Finite Element Based’.
Unless some differences in the way the design is displayed, there is no difference in
the amount of reinforcement between these selections. Through the ‘Display
Type’ in the same box, it can be selected whether to display flexural reinforcement
or shear reinforcement. This box also allows us to impose or not to impose
minimum reinforcement during the design. The ‘Rebar Location Shown’ box
allows us to select which reinforcement, top or bottom or both, to be displayed.
The ‘Reinforcing Display Type’ box allows us to set the manner in which the
amount of reinforcement is displayed. The option whether to show the reinforcing
envelop diagram and the reinforcing extent can be set by the check boxes in the
‘Reinforcing Diagram’ window. The strip layer direction for which the amount
of reinforcement is displayed can be chosen from the ‘Choose Strip Direction’
box. The ‘Display Options’ box allows us whether to display output in filled
diagram or not and whether the values at controlling stations will be displayed or
not. If we want to display the amount of reinforcement above some specified
reinforcement bar area or spacing, we can use the options in the ‘Show Rebar



Above Specified Value’ box. When the ‘Typical Uniform Reinforcing
Specified Below’ radio button is selected, the “Typical Uniform Reinforcing’
box get activated. In this box, we can set a specific value above which the
reinforcement amount will be displayed. The reinforcement diagram output, for the
options set in Fig. 32, will be shown below in fig. 33.
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As can be noticed from the footing design diagram in fig. 33, the top reinforcement
across strip layer A is Omm?*/m for top reinforcement and 1090mm?*/m for bottom
reinforcement.

The design outputs can also be displayed in tabular format by clicking on the ‘Show
Tables...” menu item from the ‘Display’ menu or by just clicking on the equivalent

icon E from the tool bar below the menu bar and the following window will

pop up.
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In this window, we can select any of the model definitions or analysis results or
design results and press ‘OK’ to display the quantity which we want to have a look
at. By using the right hand side buttons in the window, the load patterns and the
load cases can be selected.

STEP 10: Detailing

After running the analysis and after checking that the results are reasonable, the
detailing will be done. However, before running the detailing, the detailing
preferences can be set from the ‘Detailing’ menu. From the ‘Detailing
Preferences...’, the likes of dimensional units and material quantity units can be
selected. From ‘Slab/Mat Detailing Preferences...’, the likes of rebar
curtailment options, the rebar detailing options, rebar selection rules and preferred
rebar sizes can be selected. The ‘Drawing Sheet Set-up...” menu allows us to set-
up the contents of the drawing sheet. The ‘Drawing Format Properties...” allows
us to set some formats in which the output displayed.



To run the detailing, go to ‘Run’ menu and click on ‘Run Detailing...” or

simultaneously press ‘Shift” and ‘F5’ keys or just click on the run detailing icon

2

from the tool bar just below the menu bar. Then, the ‘Run Detailing

Options’ window pops up so that we set the detailing options. Set the detailing

options which you want and click ‘OK’.

Once the detailing is run, the detailing can be displayed. The detailing display
options can be best accessed from the ‘Model Explorer’. When expanded in full,

the ‘Detailing’ tab of the model explorer looks like:
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By clicking on any of the options from the detailing tab, a desired detailing can be
displayed. For instance, by double clicking on the ‘Footing Table’, the following

detail of footing can be shown.



FOOTINGS TABLE
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LY
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A 2

Ly

Bars-8

Bars-A

Apart from this detail, other details can also be shown.

STEP 11: Reporting

The last step of foundation design is reporting. Before creating the report, the
report preferences should be set up. To do this, go to the ‘File’ menu and click on
‘Report Set-up...” and the following window pops up.

In this ‘Report Setup Data’ window, the user preferences regarding the reporting
such as the report output type, the report page orientation and the report items can
be set along with the load patterns and load combinations. Once the preference is
set, the report can be created by clicking on ‘Create Report’ command in the ‘File’
menu. The ‘Advanced Report Writer’ command in the same menu can be used to

Figure 36

set some advanced reporting formats.
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This concludes the tutorial for the design of single footing using the built-in model.

2.2. Using Grids

Design a rectangular isolated footing with the following parameters:
*  Dimension of the footing: 2mX3m
*  Dimension of the colummn: 0.4mX0.6m
Allowable bearing capacity of the soil : 100kN/m?
*  Maximum allowable settlement of the foundation: 10mm
*  Concentrated load (DL) : 275kN
*  Concentrated load (I.L): 175kN
*  Bending moment (dead) in the long direction (My, DL):50kNm
*  Bending moment (live) in the long direction (My, I.I.):25kNm
*  Grade of concrete: C-30 (30MPa 28-day characteristics cube strength)

*  Grade of reinforcement bar (rebar): S-400 (400MPa characteristics yield
strength)

*  Ouverall thickness of the foundation: 500mm
*  Concrete cover : 50mm

STEP 1: Creatino the Model



To create a footing model by using a grid, there are three ways. Go to ‘File’ menu

and click on ‘New Model ...’ or just click on the icon D . This icon is the first
among the list of icons just below the menu bar or simply click on the ‘Ctr]’ and
‘N’ keys simultaneously (Ctrl+N).

Performing one of the above three ways results in the popping-up of the
following ‘New Model Initialization’ window.

This window consists of two parts: the ‘Design Data’ part and the ‘Initial Model’
part. In the ‘Design Data’; there are ‘Design Code’, ‘Design Preferences’,
‘Project Information’ and ‘Units’.

The ‘Design Code’ consists of a list of selected design codes from many counttries.
Depending on the suitability of the code for your country, you may select one
among the list of codes. The design code which follows similar design philosophy
to my country code is BS 8110-1997. So, this design code is selected.

After selecting the design code, it is better to first select the units to be used in the
design and analysis process. These units can be selected by clicking on the
‘Modify/Show’ button in front of “‘Units’. The following window pops up when
the button is clicked. To choose metric units, click on ‘Metric Defaults’ button.
The click results in metric units for best practices to be selected. It can be observed
that, even though all the units are metric, they are not consistent. To select a
preferred consistent unit, click on the ‘Consistent Units’ button. In this ‘Units’
window, the decimal places and minimum number of significant digits for any
quantity can also be modified.



54 New Model Initialization EHE

[~ Design Data
Design Code BS 8110-1997 |
Design Preferences Modify/Show... |
Project Information Modify/Show... |
Units (Currently Metric) Modify/Show. .. |
[~ Initial Model
@ R
ﬂ
. [ ] [l
Blank Flat Slab Flat Slab  Two Way Slab  Base Mat
Perimeter
Beams
Grid Only Waffle Slab  Ribbed Slab  Single Footing  Combined
Footing

Figure 38

By clicking on the ‘Modify/Show’ button in front of the ‘Project Information’,
information regarding the project, the company and the model can be entered.

By clicking on the ‘Modify/Show’ button in front of the ‘Design Preferences’,
the user preferences regarding the design code, concrete cover for slabs and beams,
post-tensioning can be changed. The following ‘Design Preferences’ window
pops-up when the button is clicked. The ‘Min. Cover Slabs’ tab of the window
may be of interest for this particular problem as footings will be modelled as slabs.
Thus, click on this tab. This is the tab where the concrete cover and preferred rebar
size will be entered.



159 Units 21|
|
Quick Units
U.S. Defaults Metric Defaults Consistent Units... |
Units
Item Units Units Label Decimal Min. Sig. Zero Always Use ﬂ
Places Figures Tolerance E Format

Structure

Coordinates KN, m, C m 5 2 1.0000E-20 No

Absolute Distance KN, m, C m 5 2 1.0000E-20 No

Relative Distance 4 2 1.0000E-20 No

Angles 3 2 1.0000E-20 No

Length KN, mm, C mm 3 2 1.0000E-20 | No

Area KN, mm, C mm2 2 2 1.0000E-20 No

Length4 KN, mm, C mmé 2 2 1.0000E-20 No

Rebar Area KN, mm, C mm2 3 2 1.0000E-20 No

Rebar Area/Length mm2/m mm2/m 3 2 1.0000E-20 No
Displacements l

Translational Displ KN, mm, C mm 6 2 1.0000E-20 | No

Rotational Displ 6 2 1.0000E-20 No
Forces [

Force KN, m, C kN 3 2 1.0000E-20 No

Force/Length KN, m, C kN/m 2 2 1.0000E-20 No

Force/Area KN, m, C kN/m2 2 2 1.0000E-20 | No

Moment KN, m, C kN-m - 2 1.0000E-20 No

Mament/l ennth KN m kN-m/m 4 2 1 NNNNF-20 | Nn LJ

OK Cancel
Figure 39

In the ‘Min. Cover Slabs’ tab, for ‘Non-Prestressed Reinforcement’ , both the
‘Clear Cover Top’ and ‘Clear Cover Bottom’ should be set to 50mm as the
concrete cover in this design problem stated to be 50mm. The ‘Preferred Bar Size’
can be set to any reasonable value. Here, the ‘Preferred Bar Size’ is set to 20 which
is the diameter of the rebar in mm which will be used as the main reinforcement in
the foundation. Leave the rest at they are.



159 Design Preferences 2| X
i 2|

Code Min.CoverSlabs | Min. Cover Beams | PIT Stress Check |

Non-Prestressed Reinforcement

Clear Cover Top (mm) 50
Clear Cover Bottom (mm) 50
Preferred Bar Size 20
Inner Slab Rebar Layer Layer B

Post-Tensioning
CGS of Tendon Top (mm) 25
CGS of Tendon for Bottom of Exterior Bay (mm) 40
CGS of Tendon for Bottom of Interior Bay (mm) |25

Minimum Reinforcing

Slab Type for Minimum Reinforcing Two Way LJ

Reset Tab Defaults |

OK Cancel

Figure 40.

Once everything is set correctly in the ‘Design Data’ box, go to the ‘Initial Model’
box and select the suitable model. Since an isolated (single) footing will be designed
from grids click on the big square button just above ‘Grid Only’. The button itself
shows crossing grids. When the button is clicked, the following ‘Coordinate
System Definition’ window will pop up.

The footing in this example is rectangular with centrally located column. The grid
which will be created will be boundaries of the outer edges of the footing and the
outer edges of the foundation column. As a result, there is uneven spacing between
the grids. To create such grids with uneven spacing, it is better to create it by
clicking the ‘Edit Grid’ button. When you click this button, a ‘Coordinate System’
window will pop up. In the ‘Display Grid Data as’ box, two radio buttons are
there to choose between ‘Ordinate’ and ‘Spacing’. These are the options how the
location of different grids is defined. If the ‘Ordinate’ option is selected, the X and
Y-coordinates of the grids will be entered. If the ‘Spacing’ option is selected, the
spacing between the grids will be entered. If the grids are irregular in shape with
non-vertical and non-horizontal grids, they can be defined in the ‘General Grid
Data’ box by entering the XY coordinates of the starting and ending points.
Reocular orids can also be defined bv this ontion too.



ﬁi Coordinate Sys;cem Definition

Coord System  |GLOBAL

@ Cartesian () Cylindrical

Number of Grid Lines
X Direction

Y Direction

Grid Spacing
X Direction

Y Direction

| Grid Labels... | | EditGrd.. |

G

Figure 41

In this example, the length of the footing is 3m and the column dimension is 0.6m
in x direction. The distance between the left face of the footing and the left face of
the foundation column is 1.2m. The same is true for the distance between the right
face of the footing and the right face of the foundation column. To limit the footing
and the column in x-direction, the grids should have x-coordinates of 0, 1.2, 1.8
and 3.

The length of the slab is 2m and the column dimension is 0.4m in y direction. The
distance between the bottom face of the footing and the bottom face of the
foundation column is 0.8m. The same is true for the distance between the top face
of the footing and the top face of the foundation column. To limit the footing and
the column in y-direction, the grids should have x-coordinates of 0, 0.8, 1.2 and 2.



Coordinate System Name Display Grid Data as

GLOBAL @) Ordinates (") Spacing
X Grid Data
Grid ID X Ordinate (m) Visibility Bubble Loc
» P - show End
B 12 Show End
C 18 Show End
D 3. Show End
*
Options
[ Hide All Grid Lines
Y Grid Data Bubble Size 1250 mm

Grid ID Y Ordinate (m) Visibility Bubble Loc Grid Color —

» K - Show Star

- 08 Show Start
3 12 P Hit [ ReorderOrdinetes |
: % o Siat Model Datum 0 o
' Story Height Above 2 m
Story Height Below 0 m
General Grid Data
Grid ID X1 (m) Y1 (m) X2 (m) Y2 (m) - Visibilty E;:ble

OK Cancel
Figure 42

The ‘Model Datum’ is the level of the model in z-direction. Any value can be set
to this. Set the ‘Story Height Above’ value to some reasonable non zero value, say
2, and set the ‘Story Height Below’ to 0 as there will be no story below the footing,.
Then press ‘OK’ and the grids will be displayed on the ‘Plan View’ window as

below:



Figure 43
STEP 2: Defining Material Properties

The materials which are involved in the design of the footing should be defined
before the analysis. These materials are the concrete, the reinforcement bar (rebar)
and the soil support. Thus, these properties will be defined here.

The material definition can be carried out in two ways.

The first one is through the ‘Define’ menu in the menu bar. The other one through
the model explorer on the left hand side of the home window. To define material
properties through the former method, click on ‘Define’ menu and again click on
‘Materials...

b

resulting in the following window depending on prior material
definitions.

The list in the ‘Materials’ box may not be exactly as it appears in your widow.
However, that doesn’t bring any change in the outcome of the design process as
you can customize this list any time.

The ‘Add New Material Quick...” button allows you to define materials quickly
from a list of pre-defined materials. The ‘Add New Material’ button allows you
to define materials by changing their properties. The ‘Add Copy of Material’
button allows you to define a material with same property as an already defined
matetial. The ‘Modify /Show Material’ button displays the property of an already



defined material with the possibility of modification. The ‘Delete Material’ button,
when active, deletes a defined material property.

' 154 Materials 2| X|

Materials ‘ Click to:

6MGr186 Add New Material Quick...
CSA-G30.18Gr400

Add New Material...

Add Copy of Material..

Madify/Show Material...

OK

o |

Figure 44

For this particular problem, we will modify the existing ‘C30’ concrete using the
‘Modify/Show Material’ button and define a new rebar property through the
‘Add New Material’ button.

Highlight ‘C30’ in the ‘Materials’ box and click on the ‘Modify/Show Material’
button. This can also be achieved by right clicking on ‘Materials’ on the model
explorer. The following window will pop up.

This is the window where concrete properties will be modified. Put any name for
the material in the text field in front of ‘Material Name’. But, it is important to
make sure that the concrete with the defined material name is assigned for the
footing. For this particular problem, let us keep the name of the concrete as ‘C30’.
Since we are defining a concrete, the ‘Material Type’ should be set to ‘Concrete’.

The unit weight of reinforced concrete may vary depending of the design code of
your country. Thus, enter the unit weight of reinforced concrete stipulated in your
country code in the text field in front of ‘Weight per Unit Volume’. For this
particular example, we will use 25kN/m”.



154 Material Property Data (2] X]

General Data

Material Name [c30

Material Type IConcrete Ll
Material Display Color Change. .. |
Material Notes Modify/Show Notes... |

~ Material Weight

Weight per Unit Volume 5 kwms
Isotropic Property Data

Modulus of Elasticity, E 32000 N/mm2

Poisson's Ratio, U W

Coefficient of Thermal Expansion, A 10E-06 1/C

Shear Modulus, G 13333.33333 N/mm2

Other Properties for Concrete Materials
Concrete Cube Compressive Strength, fcu 30 N/mm2

I" Lightweight Concrete

—

OK Cancel

Figure 45

For C-30 concrete, the modulus of elasticity according to BS 8110-1197 is around
32GPa. Thus, enter this value in the text field in front of ‘Modulus of Elasticity,
E’. If you selected another design code in step 1 while creating the model, you
should refer to actual value of this parameter from the code and enter it accordingly.
Be aware of the units though.

The values of Poisson’s ratio and coefficient of thermal expansion may also be
defined in the desigh code and should be entered accordingly. For this particular
problem, a value of 0.2 for ‘Poisson’s Ratio, U’ and a value of 10x10°/°C for
‘Coefficient of Thermal Expansion, A’ will be entered. The ‘Shear Modulus, G’
will be automatically calculated in an un-editable text field.

The grade of concrete for this particular problem is C-30 which is a concrete with
28 day characteristics cube compressive strength of 30MPa. The concrete
designation may be different for different country codes but the concept is the



same. Therefore, enter 30 in the text field in front of ‘Concrete Cube
Compressive Strength, fcu’.

If a lightweight concrete is used, check on ‘Lightweight Concrete’ and enter the
corresponding ‘Shear Strength Reduction Factor’ in the space provided.

When you press on ‘OK’, a concrete material with the above properties will be
added to the list of materials. This material will be assigned for the footing before
the analysis.

After modifying the concrete property, the program returns to the window shown
in Fig. 44. To define a rebar property, we will follow the same procedure as we
followed while defining the concrete property. Since a new rebar property will be
defined, click on the ‘Add New Material...” button. A ‘Material Property Data’
window pops up and when you change the ‘Material Type’ to ‘Rebar’, the window
appears to look like the following.

154 Material Property Data ?| X
i 21

General Data

Material Name |S400

Material Type IRebar L‘
Material Display Color l Change... |
Material Notes Modify/Show Notes_ |

Material Weight

Weight per Unit Volume |77.0085 kN/m3

“Uniaxial Property Data

Modulus of Elasticity, E 200000 N/mm2

Other Properties for Rebar Materials

Minimum Yield Stress, Fy l400 N/mm2

Minimum Tensile Stress, Fu |400 N/mm2

OK I Cancel

Figure 46



Change the ‘Material Name’ to any name you want. Here, we name it ‘S400’. The
material type should be ‘Rebar’. The weight per unit volume of steel is stipulated
in the design code. For BS 8110-1197, the weight per unit volume is 77.0085kN /m”.
Thus, enter this value in the text field in front of ‘Weight per Unit Volume’. The
modulus of elasticity for reinforcement bars according to the same design code is
200GPa. Thus enter this value in the text field in front of ‘Modulus of Elasticity,
E’ considering the unit.

In the ‘Other Properties for Rebar Materials’ box, two quantities are mentioned:
minimum yield stress and minimum tensile stress for the reinforcing material. The
values of these parameters will be specified in the design code which you defined
earlier. If the code assumes that the rebar material exhibits elastic perfectly plastic
behavior, the values of these two quantities will be the same. The grade of steel to
be used for this particular example is S-400. The yield stress for this type of
reinforcement bar is 400MPa. Since the design code of my country assumes that
rebars exhibit elastic perfectly plastic behavior, the minimum tensile stress will also
be 400MPa. Thus enter 400 in both text fields in front of the ‘Minimum yield
stress, Fy’ and ‘Minimum Tensile Stress, Fu’. Then press ‘OK’ in both
‘Material Property Data’ and ‘Materials’ windows concluding the material
definition step.

The other property which should be defined is the soil support. To define the soil
properties, go to the ‘Define’ menu and click on ‘Soil Subgrade Properties’ menu
item and the following window appears.

159 Soil Subgrade Properties 2] X

Soil Subgrade Property Click to:

SOIL1 | Add New Property...

Modify/Show Property...

|
Add Copy of Property... |
|
|

Delete Property

Cancel

OK
_ Cancel |

Figure 47

By using the buttons in this window, a new soil property or copy of soil property
can be added. An existing soil property can also be modified or deleted. For this



5

problem, let us add a new soil property by using the ‘Add New Property...
button. Thus, click on this button and the following window pops up.

184 Soil Subgrade Property Data (7] X]

“General Data

Property Name SOIL
Dispiay Color
Property Notes Modify/Show Notes. .. ’
Property
Subgrade Modulus 1E+04 kN/m3
OK 1 Cancel |
Figure 48

In this window, set the property name to ‘SOIL’ and change the subgrade modulus
to 10,000kN/m’. Because, the subgrade modulus which can be assume by the ratio
of the bearing capacity by the allowable settlement for this particular example is so.
Then press ‘OK’ in both the ‘Soil Subgrade Property Data’ and ‘Soil Subgrade
Properties’ windows.

STEP 3: Defining Footing and Column Properties

After defining the material properties, the footing and column properties can be
defined. This definition can take place in two ways: from the menu bar and from
the model explorer. In SAFE software, footings are modelled as ‘footings’ and
foundation columns are modelled as ‘stiff’.

To define footing and column properties from the menu bar, go to ‘Define’ menu
and click on ‘Slab Properties...”. The following window will pop up.

The ‘Add New Property...” button prompts the user to enter new properties for
the footing and foundation column while the ‘Add Copy of Property...” copies
the property of an existing slap. The ‘Modify/Show Property...” allows the user
to show the property of an existing component with the possibility of modification.
When the ‘Delete Property’ button is active, it allows the user to delete an existing
slab property.



124 Slab Properties 2| x|

Slab Property Click to:

Add New Property...

OK

Figure 49

In this case, we use the ‘Add New Property...” button to add new slab properties
for the footing and foundation column. Click the button and the following window
will pop up.

159 Slab Property Data 2 X]
General Data
Property Name [FooTing
Slab Material [c30 =l ..
Display Color Change
Property Notes Modify/Show... |

Analysis Property Data

Type Footing %
Thickness 500 mm
¥ Thick Plate " Orthotropic
OK Cancel
Figure 50

The ‘Property Name’ can be assigned with any name; but, in this case, the property
name which will be used is FOOTING’. The ‘Slab Material’ should be set to the
concrete grade which is defined in step 2. Since the name of the concrete material
defined in step 2 for this particular problem is ‘C30°, a material with this name
should be selected from the list.

In the ‘Analysis Property Data’ box, “Type’ should be set to ‘Footing’. The
“Thickness’ value should be set to the thickness of the footing defined in the



example. Since the thickness of the footing is 500mm, this value is entered in the
text field corresponding to “Thickness’. As footings are modelled as thick plates,
check the “Thick Plate’ option. The ‘Orthotropic’ check box is selected when a
footing with irregular dimension is to be used.

When you press ‘OK’, the ‘Slab Property Data’ window will be exited and the
‘Slab Properties’ window gets activated. Now, the property of the foundation
column will be added. To do this, again click on the ‘Add New Property...” button.
The following window appears after the click.

384 Slab Property Data [il-t_hj
General Data
Property Name STIFF
Slab Material [c30 =) ()
Display Color - [E
Property Notes [ Modify/Show... ]

Analysis Property Data

Type [Sﬁﬂ "]
Thickness 500 mm
[¥] Thick Plate [T Orthotropic

o]

Figure 51

The ‘Property Name’ can be any name but we use ‘STIFF’. The ‘Slab Material’
should be set to the concrete grade which is defined in step 2. Since the name of
the concrete material defined in step 2 for this particular problem is ‘C30’, a material
with this name should be selected from the list.

In the ‘Analysis Property Data’ box, “Type’ should be set to ‘Stiff’ as we are
defining the property of column. The “Thickness’ value should be the foundation
column thickness which is equal to the footing thickness. Thus, a value of 500 will
be entered in the text field corresponding to “Thickness’. As foundation columns



are modelled as thick plates, check the “Thick Plate’ option. The ‘Orthotropic’
check box is selected when a column with irregular dimension is to be used.

When you press ‘OK’, the ‘Slab Property Data’ window will be exited and the
‘Slab Properties’ window gets activated. Again press ‘OK’ and exit the window for
defining the footing and foundation column.

STEP 4: Defining Load Patterns, Load Cases and Load Combinations

The loads on the foundation should be defined accordingly before the analysis.
First, the load pattern should be defined. This can be done from the ‘Define’ menu
or from the ‘Model Explorer’. This time, we will do it from the model explorer.
In the model explorer, expand ‘Load Definitions’ and you will see ‘Load
Patterns’. When you expand ‘Load Patterns’, you will see ‘DEAD’ and ‘LIVE’.
At the end, the model explorer appears to look like:

=

229 Model Explorer @
Model | Display | Detaifing

[=+ Model Definibons
[ Coordinate Systems

Iél--- Property Definibons
F- Matenals

#- Slab Propertes

=l

=)

----- Beam Propertes

[+ Reinforcing Bar Szes
----- Tendon Properties

----- Column Properties

- Wall Properties

[+ Sod Subgrade Propertes

+|-- Pgint Spnng Properties

=

[#- Line Spring Properties

[
£

= Load Defintions

- DEAD
e LIVE

#- Load Cases

----- Load Combinations

- Groups

[} Objects

[#)-- Arez Objects (Slab, Wall, Ramp, Null

----- Line Objects {(Beam, Column, Brace, Null)
Tendon Objects

Slab Rebar Objects

Ei--- Design Stap Objects

[# Point Objects

Figure 52

Now, right click on ‘Load Patterns’ and click on ‘New Load Pattern’ and the
following window pops up.



ﬁ! Load Patterns X

Load Pattems Ciick To:
Seff Weight Add Load Pattem
Load Type Mukiplier Notes 7—|
oo B8 1 Do o patom_|

LIVE LIVE 0

OK

Note: Double click cell in the Notes column to expand it

Figure 53

In the ‘Load Patterns’ window, two load patterns are already defined: ‘DEAD’
and ‘LIVE’. The ‘Type’ of the ‘Load’ should also be changed accordingly. There
are many options for type of loading. The “Type’ for dead loads should be set to
‘DEAD’ and for live loads ‘LIVE’. If there are other types of load patterns on the
foundation such as earth quake load, you can add the load pattern with the ‘Add
Load Pattern’ button. You can also delete any undesirable load pattern using the
‘Delete Load Pattern’ button. Since in this example, we have only dead and live
loads, we will leave the existing load patterns as they are. The ‘Self Weight
Multiplier’ value should also be changed accordingly. This value imparts the option
whether to consider or ignore the self-weight of the foundation in addition to
external loads. If the self-weight of the foundation is already included as an external
dead load or if you want to exclude the effect of self-weight from the analysis, the
value under ‘Self Weight Multiplier’ should be set to zero. In this example, we
will consider the self-weight as an additional load to the external dead load. Thus,
the value under ‘Self Weight Multiplier’ for the ‘DEAD’ load is one. For the
‘LIVE’ load, it will be zero. Press ‘OK’ and the window will be exited.

After this, the load cases will be defined. Load cases are used to dictate the way the
loads are applied (statically or dynamically) or the way the structure responds
(linearly or non-linearly) for the defined load patterns. To define a load case, go to
‘Define’ menu and click on ‘Load Cases...”. The following window will pop up
after the click.



384 Load Cases [M

Load Cases Click to:
Load Case Name Load Case Type ( Add New Case... ]
Do oo [T —
= i [ Modiy/Show Case... ]

B Delete Case

Cancel

Figure 54

The load patterns which were defined eatlier will automatically appear in the list of
‘Load Case Name’ of the ‘Load Cases’ window. The ‘Load Case Type’ column
shows the way in which each load pattern will be applied during analysis. If you
want to modify this, highlight the load pattern for which you are going to change
the load case type and click on the ‘Modify/Show Case...” button. If you click
this button, the following window will appear. In this window, you can change the
way the load is applied from the ‘Load Case Type’ box. The way the structure
responds can also be selected from the ‘Analysis Type’ box. This problem ‘Static’
is for the ‘Load Case Type’ and ‘Linear’ is selected for the ‘Analysis Type’ since
the load is static and the foundation responds linearly. The scale factor for the dead
load in the ‘Loads Applied’ box will be left as one. Press ‘OK’ and exit the window.

The load case type for the live load should also be ‘Linear Static’. Otherwise, it
should be changed by clicking the ‘Modify/Show Case...” button to linear static
case. If both the load case types are as desired click ‘OK’ and exit the ‘Load Cases’
window.



389 Load Case Data - Linear Static m

Load Case Name Load Case Data Notes Load Case Type
DEAD [ Modfy/Show Notes.. | (State v] [ Desgn.. ]
Stiffness to Use Analysis Type
@ Zero Inttial Condttions - Unstressed State @ Lnear
T ) Nonlinear (Allow Uplit)
") Nonlinear (Cracked)
") Nonlnear (Long Term Cracked)
Loads Applied
Load Name Scale Factor
» [DEAD |1
* | -
[ok ] [ Cancel
Figure 55

Definition of the load combinations will be the next step. Two load combinations
will be considered in this example for ultimate limit state and serviceability limit
state. To define load combinations, go to ‘Define’ menu and click on ‘Load
Combinations...” and the following window pops up.

ia Load Combinations &lﬁ

Combinations Click to:

( Add New Combo... |

]
i
T
T

B [ Add Default Design Combos... |

ok | [ Cancel |

Figure 56



New load combinations will be added through the ‘Add New Combo...” button.
Here, two load combinations will be added; one for the ultimate limit state the other
for the serviceability limit state. When the ‘Add New Combo...” button is clicked,
the following window appears.

General Data

Load Combination Name ComB1

Combination Type [LinearAdd

Notes | Modify/Show Notes._

Auto Combination No

Define Combination of Load Case/Combo Results

\ ‘ Load Name Scale Factor
» |DEAD 1.3
LIVE 16

Design Selection
Strength (Ultimate) "] Service - Normal

"] Service - Initial "] Service - Long Term

Figure 57

In the ‘Load Combination Data’ window, any name can be given for the load
combination. The ‘Combination Type’ should be set to ‘Linear Add’ as the
component loads (dead and live) will be added linearly. However, there are also
other options from the drop down menu in front of ‘Combination Type’. In the
window shown in Fig. 57, the two loads (dead and live) should be activated below
the ‘Load Name’ column of the ‘Define Combination of Load Case/Combo
Results’ box. The values in the ‘Scale Factor’ column correspond to the partial



safety factors for load for the failure mode under consideration. These partial safety
factors are specified in the design code of your country. In the design code of my
country, the partial safety factor for dead loads for ultimate limit sate case is 1.3 and
for serviceability limit state is 1 for the cases where there are only dead and live
loads. For such load patterns, the partial safety factor for live loads for ultimate
limit sate case is 1.6 and for serviceability limit state is 1. Thus, enter a value of 1.3
in front of ‘DEAD’ and 1.6 in front of ‘LIVE’ in ‘Scale Factor’ column. The
failure condition which is being under consideration can be defined by selecting
and deselecting the check boxes in the ‘Design Selection’ box. Since the above
scale factors are for the ultimate limit state, check on ‘Strength (Ultimate)’. The
‘Load Combination Data’ window for the serviceability limit state looks like the
following window.

[ﬁi Load Combination D

General Data

Load Combination Name COMB2

Combination Type [LinearAdd

Notes | Modify/Show Notes...

Auto Combination No

Define Combination of Load Case/Combo Results

Load Name Scale Factor
DEAD 11
LIVE (|3

Design Selection
["] strength (Ultimate) Service - Normal

[v] Service - Initial Service - Long Term

Figure 58



STEP 6: Drawing the Footing Components and Design Strips

The footing, the foundation column and a point where the loads will be applied on

the foundation column should now be drawn on the grid.

2

1.

721

Drawing the footing
Since the footing will be drawn around points and since the footing is
rectangular, go to the ‘Draw’ menu and click on ‘Draw Rectangular

Slabs/Areas’ or simply click on the equivalent icon D on the left hand
side tool bar. The following window will appear on the screen after the click.

84 Draw Rectangular Slabs/Areas ﬂﬁ]
Type of Object Slab
Property FOOTING
Figure 59

Making sure that the ‘Property’ is set to FOOTING’, first click on the grid
where one corner of the footing will be located. Then, without releasing the
click, drag into the opposite corner of the footing to draw the footing.
Drawing the foundation column

While the window in fig 59 is active, change the ‘Property’ to ‘STIFF’ and
click on the grid where one corner of the foundation column will be located.
Then, without releasing the click, drag into the opposite corner of the
foundation column to draw the foundation column.

Drawing the point on the foundation column where the load will be applied

Go to ‘Draw’ menu and click on ‘Draw Points’, then click on the mid-point
of the footing and the point will be created. If the cursor could not snap to
the midpoint, you can adjust the ‘Snap Options’ from the ‘Draw’ menu.

After this, the design strips will be drawn. Design strips determine the way in which

different quantities related to the reinforcement calculation are calculated. Forces

are integrated across the design strips. Thus, the larger the width of coverage of the

design strips within the given structure, the higher will be the calculated values of

the bending moments and shear forces. Thus, an optimum width of strip is required

compromising the safety and economical requirements. The width of the design

strip will be specified in the design code. According to the code of my country, the

width of design strips for isolated foundations is 1m. Thus, a one meter design strip
will be drawn in both X and Y directions on the foundation. These design strips in
X and Y direction are usually defined in SAFE software as layer A and layer B.



To draw the design strip, go to the ‘Draw’ menu and click on ‘Design Strips’ or

simply click on the equivalent icon Ef]com the left hand sided tool bar and the
following window pops up.

g .
iﬁ Draw Design Strips I ? —ghl
Type of Object Strip
Strip Layer A
Strip Design Type Column Strip
Start Width Left [m] 0.5
Start Width Right [m] 0.5
End Width Left [m] 0.5
End Width Right [m] 0.5
X v |
Figure 60

In this window, the ‘Strip Layer’ should be selected to be either ‘A’ or ‘B’. But if
‘A’ is for design strip in X direction ‘B’ should be for Y direction and vice versa.
Since we are drawing a strip around the column to consider maximum moment and
shear forces, the ‘Strip Design Type’ should be set to ‘Column Strip’. The width
of the strip will be 1m in both directions and since the column will be centrally
located, all the widths will be set to 0.5m. To draw the design strip in the X
direction, without closing the window, left click at the center of one side of the
footing on the plan view parallel to the Y axis and again left click at the center of
the parallel side and right click. This creates a design strip in X direction. In doing
so, if you can’t snap to the center of the side of the footing, you can modify the
snap options by clicking on the ‘Snap Options...
menu and adjusting the options which you want to snap to. The design strip in Y

M

command from the ‘Draw’

direction can also be drawn in a similar procedure after changing the ‘Strip Layer’
to ‘B’.

You can display the design strips by setting the display options by clicking on ‘Set
Display Options...” from the “‘View’ menu or by simultaneously clicking on ‘Cttl’

and ‘W’ keys or by just clicking on the set display options icon ¥ from the tool
bar below the menu bar. This results in the following window:
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354 Set Display Options - . . m
Point Objects Tendon Objects ltems Present In View
[¥] Slab (Area) [] Tendon
[_| Wall/Ramp Above (Area) [] Siab Rebar
[] Vestical Profile Values ]
Slab Rebar Objects Ll
] tabels [¥/] Design Strip Layer B
[ :j‘m_; - [[] Design Strp Layer Other
= _‘ - ‘\ o (] Beam (Line)
15w Eack Feber | Column/Brace Abo [] Point Restraints/Springs
] Column/Brac [] Line Spring Supports
Design Strip Objects (] Null Line Soil Supports
Labels
Show Width Points [] Dimension Lines
[] Local Aves [¥] Show Stations [¥] Invisble [] Architectural Layers
Slab Edge Releases Honzon
Stebs Vertical Oifocts Options View by Colors of: Apply To All Windows
-
Slab Intemal Ribs 7] Shiink OF ® Objects
ot Pt [7] Bxdrude View ) Section Properties Reset Defauts
(] Fove Seivio Propstics Fil Areas ©) Material Properties
[] Line ‘:CDr"-J—F’r"D;r:ﬁf Show Area Edges ) Selected Groups
Soi Properties (7] Show Mesh [ Select Groups... |
Figure 61

Then, check on ‘Labels’, ‘Show Width’ and ‘Show Stations’ in the ‘Design Strip
Objects’ box and press ‘OK’ and after drawing dimension lines by using the
command ‘Draw’>’Draw Dimension Lines’, the following window appears
displaying the design strips in the two directions.
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STEP 7: Assigning Slab Data, Support Data and Load Data

The slab data, support data, and load data which are defined in the previous steps
should be assigned to the corresponding structural component. The way to do this
is first to select the component and next to assign the slab property, support
property or loads accordingly. The selection can be done by clicking on the
component from the plan view or through the ‘Select’ menu. The latter option
assures that the component is selected exactly as selection by clicking may result in
incorrect selection. Thus, all the selections here will be done from the ‘Select’
menu. The assignments will be discussed as follows:

a. Assigning support data to the footing
Select the footing through the following strings of commands
‘Select’>’Select’>"Properties’’Slab Properties...”. Then select ‘TFOOTING’
and press ‘OK’. Then assign the footing property through the following strings of
commands ‘Assign’>’Support Data’>’Soil Properties...”. Then select ‘SOIL’
and press ‘OK’.

b.  Assigning reinforcement data to the design strips
Select each design strip through the following strings of commands
‘Select’>’Select’>’Properties’>Design Strip Layers...”. Then select ‘A’ or ‘B’
(one at a time) and press ‘OK’. When you right click on the selected strip layer, the
‘Slab-Type Area Object Information’ window pops up. In the ‘Design’ tab of
this window, set the ‘Rebar Material’ to ‘S400’ and press ‘OK’. Do this for both
strips.

¢. Assigning load on the foundation colummn
To assign load on the foundation column, right click on the point at the center of
the foundation column and a ‘Point Object Information’ window pops up. In this
window, click on the ‘Loads’ tab.

The dead load and the live load can be assigned through the ‘Assign Load...’
button. The procedure is: click on ‘Assign Load...” button, then select ‘Force
Loads’ then press ‘OK’ then select either ‘DEAD’ or ‘LIVE’ depending on which
loads you want to enter their values then enter their values accordingly (both the
concentrated load and the bending moment) and in the right direction (axis), then
select ‘Add to Existing Loads’ and press ‘OK’. While doing this, the foundation



column dimensions should be entered in the ‘Size of Load for Punching Shear’
box of ‘Point Loads’ window.

159 Point Object Information 2| X
i (2]

Point Object Name |46

Assignments Geometry  Loads | Design |

Load Pattern | DEAD el
Point Loads
Force in Gravity Dir (-Global Z) (kN) 275 ﬂl
Moment about Global Y Axis (kN-m) 50
Load Size X Dimension (mm) v 600
Load Size Y Dimension (mm) 400
Load Pattern LIVE
Point Loads
Force in Gravity Dir (-Global Z) (kN) 175
Moment about Global Y Axis (kN-m) 25
Load Size X Dimension (mm) 600 L
Load Size Y Dimension (mm) 400 ﬂ
OK
Cancel
Figure 63

You can also delete any forces which are wrongly entered through ‘Delete
Existing Loads’ radio button option. In this example, since the dead concentrated
load is 275kN and the dead bending moment is 50kNm about y-axis and since the
live concentrated load is 175kN and the live bending moment is 25kNm about y-
axis, these values are entered in the Gravity Direction for the concentrated load and
along y-axis for the bending moment.

STEP 8: Running the Analysis

After this, the analysis can be run. But, make sure that the footing and the
foundation column are assigned with the correct rebar material. To do this, right



click anywhere in the plan view of the footing and the ‘Slab-Type Area Object
Information’ window will pop-up.

129 Slab-Type Area Object Information ﬂﬁ]

Area Object Name 14

Assignments Geometry Loads Design l

Design This Slab Yes =
Ignore PT for Design No

Rebar Material $400 __ ResetAl |
Slab Cover Source Design Preferences

Reduced Live Load Factor 1 ﬂ

OK
Cancel
Figure 64

In the ‘Design’ tab of this window, set the value of ‘Rebar Material’ to ‘S400’.
Do this for the column foundation, and both design strips as well. After this, go to
the ‘Run’ menu and click on the ‘Run Analysis’ command.

STEP 9: Displaying the Output

Once the analysis is run, the output will be displayed. Particularly, the punching
shear design is of great importance as the footing cannot be designed without the
punching shear requirement being adequately satisfied. To do this, go to the ‘Run’
menu and click on ‘Run Analysis & Design’ command or simply click on the ‘F5
key. When you do this, you will be prompted to save the model, if you haven’t
already don this. When you save the model, the following window showing the
displacement of the soil in a banded figure will be displayed.
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To display the punching shear ratio, go to the ‘Display’ menu and click on ‘Show
Punching Shear Design’. After this, the punching shear ratio will be displayed in
the plan view around the foundation column as in the following figure.
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As can be noticed from the figure, the punching shear ratio is 0.6401. Generally, a
punching shear ratio less than one indicates the concrete thickness is adequate to
recist bunchino shear and a value oreater than one indicates that the punchino sheat



capacity is exceeded somewhere along the critical section. For economical design,
it is recommended to keep the punching shear ratio between 0.95 and 1 as very
small values of punching shear ratio means excess concrete thickness is used.
However, if the punching shear ratio is greater than one, the thickness of the
concrete should be increased and the foundation should be re-designed. A detailed
quantitative description of the foundation design can also be obtained by right
clicking on the plan view shown in Fig 67 as shown below. Several trial may be
made by zooming in and out to get the quantitative description.

153 Design Details
File View

Combination

[comsr ~]

items to Display

W Geometric Properties

W Column Perimeter Figure
M Column Punching Chack
=

-

-

Done

BS 8110-1997 Punching Shear Check & Design

Geometric Properties

Combination = COMB1

Point Label = 46

Column Shape = Rectangular
Column Location = Corner
Global X-Coordinate = 1.5 m
Global Y-Coordinate = 1m

Load Punching Check

Avg. Eff. Slab Thickness = 430 mm

Eff. Punching Perimeter = 4290.2 mm

Cover = 70 mm

Conc Comp Strength = 30 N/mm2
Reinforcement Ratio = 0.0012

Section Width x-22 = 24451 mm

Section Width x-33 = 1845.1 mm

Shear Force = -227 994 kN

Moment Mu2 = 5.0939 KN-m

Moment Mu3= 158.4987 KN-m

Max Design Shear Stress = 0 224333 N/mm2
Conc. Shear Stress Capacity = 0.350449 N/mm2
Punching Shear Ratio = 0

Figure 67

Column Punching Perimeter

Through the ‘Display’ menu, relevant quantities can be displayed on the screen.
For instance, the ‘Display’>’Show Strip Forces’ command or by simply clicking

the ‘F8’ key, the following window will be displayed.

21X
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Load Case/Load Combination

" Load Case

* Load Combination |COMB1 L,
Component

& Moment " Axial Force

" Shear Force C Forsion

Show Forces For These Strip Layers
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-

Scaling

+ Automatic
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Display Options
M Fill Diagram

¥ Show Values on Diagram

Apply | Close

Figure 68

In this window, the ‘Load Case/Load Combination’ box provides with radio
buttons to select for which particular load case or load combination that we want
to display the output. The ‘Component’ box contains four radio buttons to select
which quantity to display. The ‘Show Forces For These Strip Layers’ box allows
us to select the strip layer for which the quantity is displayed. Both strip layers can
be selected at the same time. From the ‘Scaling’ box, we can select whether
automatic scaling or user defined scaling is used while displaying the diagram. The
‘Display Options’ box allows us to fill or not to fill the diagram and to display or
not to display the values on the diagram. For the preferences shown in Fig. 68, the
tollowing diagram will be displayed.



Figure 69

The ‘Display’>’Show Slab Design...” command results in the window shown in
Fig 70. In this window, several options can be set in order to display the footing
design in the way we wanted to. The ‘Choose Display Type’ box allows us to
select the ‘Design Basis’ between ‘Strip Based’ and ‘Finite Element Based’.
Unless some differences in the way the design is displayed, there is no difference in
the amount of reinforcement between these selections. Through the ‘Display
Type’ in the same box, it can be selected whether to display flexural reinforcement
or shear reinforcement. This box also allows us to impose or not to impose
minimum reinforcement during the design. The ‘Rebar Location Shown’ box
allows us to select which reinforcement, top or bottom or both, to be displayed.
The ‘Reinforcing Display Type’ box allows us to set the manner in which the
amount of reinforcement is displayed. The option whether to show the reinforcing
envelop diagram and the reinforcing extent can be set by the check boxes in the
‘Reinforcing Diagram’ window. The strip layer direction for which the amount
of reinforcement is displayed can be chosen from the ‘Choose Strip Direction’
box. The ‘Display Options’ box allows us whether to display output in filled
diagram or not and whether the values at controlling stations will be displayed or
not. If we want to display the amount of reinforcement above some specified
reinforcement bar area or spacing, we can use the options in the ‘Show Rebar
Above Specified Value’ box. When the ‘Typical Uniform Reinforcing
Specified Below’ radio button is selected, the “Typical Uniform Reinforcing’
box get activated. In this box, we can set a specific value above which the
reinforcement amount will be displayed. The reinforcement diagram output, for the
options set in Fig. 70, will be shown below in fig. 71.
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Figure 71

As can be noticed from the footing design diagram in fig. 71, the top reinforcement

across strip layer A is around Omm?®/m for top reinforcement and 790mm?/m for
bottom reinforcement.



The design outputs can also be displayed in tabular format by clicking on the ‘Show
Tables...” menu item from the ‘Display’ menu or by just clicking on the equivalent

icon E from the tool bar below the menu bar and the following window will

pop up.
s ; ‘ ) A
389 Choose Tables for Display D |
Edit
[E- [J MODEL DEFINITION (0 of 40 tables selected) Load Patterns (Model Def.)
-0 System ':_’a'a Select Load Patterns...
#-[0 Geometric Data 2 of 2 Selected
[0 Definitions
3--[] Assignments Load Cases (Results)
L[] Danign D | SekectLoad Cases... |
[0 ANALYSIS RESULTS (0 of 19 tables selected) 2 of 4 Selected
-0 Analysis Result S ies s
+--[] Analysis Result Enveloping Summaries 1'-10dlfyl_5h9y(gghqg§_[
/-] Nodal Results
+--[] Element Results :
3--[] Structure Result Data Options
[0 DESIGN RESULTS (0 of 4 tables selected)
#/--[] Design Result Summaries || Show Unformatted
+--[] Concrete Design

Named Sets

Cancel

TleForrna Fle Current Table Formats File: Program Default

Figure 72

In this window, we can select any of the model definitions or analysis results or
design results and press ‘OK’ to display the quantity which we want to have a look
at. By using the right hand side buttons in the window, the load patterns and the
load cases can be selected.

STEP 10: Detailing

After running the analysis and after checking that the results are reasonable, the
detailing will be done. However, before running the detailing, the detailing
preferences can be set from the ‘Detailing’ menu. From the ‘Detailing
Preferences...’, the likes of dimensional units and material quantity units can be
selected. From ‘Slab/Mat Detailing Preferences...’, the likes of rebar
curtailment options, the rebar detailing options, rebar selection rules and preferred



rebar sizes can be selected. The ‘Drawing Sheet Set-up...” menu allows us to set-
up the contents of the drawing sheet. The ‘Drawing Format Properties...” allows
us to set some formats in which the output displayed.

To run the detailing, go to ‘Run’ menu and click on ‘Run Detailing...” or
simultaneously press ‘Shift’ and ‘F5’ keys or just click on the run detailing icon
P- from the tool bar just below the menu bar. Then, the ‘Run Detailing
Options’ window pops up so that we set the detailing options. Set the detailing

options which you want and click ‘OK’.

Once the detailing is run, the detailing can be displayed. The detailing display
options can be best accessed from the ‘Model Explorer’. When expanded in full,
the ‘Detailing’ tab of the model explorer looks like:

224 Model Explorer @

=l Detafing

(=] Drawing Component Views

i~ Drawing List
General Notes
----- Rebar Shapes
Beam Curtaiment Rules
- Slab/Mat Curtadment - Col Stip
SlabiMat Curtaiment - Mid Strp
= Footings Views
----- Footing Layout Plan
: Footings Bl of Guantibes
- Drawing Sheets
EI--- Cover Sheet
‘... Cover Note
Et'-- General Notes
: ----- List of Drawings
----- Generzl Notes
. ‘... Rebar Sha pe Codes
El--- Footing Layout Plan
B Footing Layout Plan
El--- Footings Table
s Footings Table

Figure 73



By clicking on any of the options from the detailing tab, a desired detailing can be
displayed. For instance, by double clicking on the ‘Footing Table’, the following
detail of footing can be shown.

FOOTINGS TABLE

SR.NO. |TYPE NOS LX LY T REBARS.A REBARS.B

1 F1 1 3.000 M 2000 M 0.500 M 1010 88

Bars-A

Ly

e Bars-B - T

Figure 74

In this detail, the diameter of the reinforcement which is used is 10mm. If you want
to change the diameter....

Apart from this detail, other details can also be shown.

STEP 11: Reporting

The last step of foundation design is reporting. Before creating the report, the
report preferences should be set up. To do this, go to the ‘File’ menu and click on
‘Report Set-up...” and the following window pops up.

In this ‘Report Setup Data’ window, the user preferences regarding the reporting
such as the report output type, the report page orientation and the report items can
be set along with the load patterns and load combinations. Once the preference is
set, the report can be created by clicking on ‘Create Report’ command in the ‘File’



menu. The ‘Advanced Report Writer’ command in the same menu can be used to
set some advanced reporting formats.

[ 184 Report Setup Data _ - m
Report Contents File
© Defaut File
) User Specfied
Table Format Fe (Used Only When A Table Format File Is Not Specified In The Report Cortents File)
| Program Defautt Browse...
Report Output Type Load Pattems (Model Definition) Report Units Set
@ RTFFie (Microsoft Word) [ Select Load Pattems... ] @ Curent Unis Set
") HTML Fle (ntemet Explorer) 20f 2 Selected Named
- Text To Prnter Load Cases/Combos (Results)
B) T e s Rcanss) [ Select Load Cases/Combos.. |
) Text File With No Splits (No Pictures) 2of 4 Selected
Report Page Orientation Output Options
© Portrat © Landscape [ Modéy/Show Output Options... |
Report items Report Group
[@) Include Cover Page (Based on Project Information) [ALL v]
[¥] Include Hyperiinked Contents (RTF and HTML)
[ Include Fitter Criteria String Beneath Table Tiles
Figure 75

This concludes the tutorial for the design of single footing using the grids.



2.3. From AutoCAD

Design a circular isolated footing with the following parameters:
*  Radins of the footing: 1.5m
*  Radius of the column: 0.3m
STEP Allowable bearing capacity of the soil : 150kN/m?
1: *  Maximum allowable settlement of the foundation: 10mm
*  Concentrated load (DL) : 500kN
*  Concentrated load (I.L): 250kN
*  Grade of concrete: C-20 (20MPa 28-day characteristics cube strength)
*  Grade of reinforcement bar (rebar): S-460 (460MPa characteristics yield
strength)
*  Ouverall thickness of the foundation: 600mm
*  Concrete cover : 50mm
Creating the Model

To create a footing model from an AutoCAD file, first draw the plan view of the
foundation on AutoCAD. In this case, it will be two concentric circles one with a
radius of 0.3m (foundation column) and another with a radius of 1.2m (footing).
When you draw the plan view on AutoCAD, make sure that you are drawing it on
a new layer. If you want the origin of the SAFE mode to coincide with the center
of the circular foundation, make the center of the circle coincide with the global
origin of the AutoCAD file when you draw it. Then save the AutoCAD file in DXF
format. To save an AutoCAD file in DXF format, go to ‘File’ menu in the
AutoCAD file and click on ‘Save As’. At the bottom of the upcoming window, just
below the text field where you will enter the file name, you will see ‘Files of type’
with a drop-down menu list. From the drop down menu list, select the option which
has ‘(.dxf)’ at the end. Then enter the file name and save it at any location in your
computer where you can easily remember close it. This saves the file in DXF
format.

Once you saved the AutoCAD file in DXF format, open the SAFE software and
when you use the command ‘File’>Import’>"DXF/.DWG Architectural Plan’
or when you simultaneously click on ‘CtrI'+’Shift’+’I’ keys, and you will be
prompted to open a file. Open the DXF file from the location where you saved it
and the following window will pop up.

In this window, just change the ‘CAD Drawing Units’ to ‘m’ since in the
AutoCAD file is the model is drawn in meter units. Then press ‘OK’.
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& Overwrite existing CAD entities v

€ Add to existing CAD entities

~Drawing Origin and Scale
Global X Ordinate o m
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Scale Factor 1
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¥ Add Center Lines
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1
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Then, the following model appears in the plan view.

Figure 77



After the model is created, the preferences regarding the units, the design codes
and concrete cover should be entered. To change the units, click on ‘Units...’
button which is found in the right bottom corner of the main window and the
following widow will pop up. In this window, click on ‘Metric Defaults’ and press
‘OK’ as we will be using metric units. If you want to use U.S. units click on ‘U.S.
Defaults’ and if you want to use a particular metric or U.S. unit consistently click
on ‘Consistent Units...” and select that particular unit which you want to use

consistently.
159 Units 21
File
Quick Units
U.S. Defaults Metric Defaults Consistent Units... \
Units
Item Units Units Label Decimal Min. Sig. Zero Always Use | ~
Places Figures Tolerance E Format
Structure
Coordinates KN.m, C m 5 2 1.0000E-20 | No
Absolute Distance KN, m, C m 5 & 1.0000E-20 | No
Relative Distance 4 2 1.0000E-20 | No
Angles 3 2 1.0000E-20 No
Section Di ions | R
Length KN, mm, C mm 3 2 1.0000E-20 | No
Area KN, mm, C mm2 2 2 1.0000E-20 No
Length4 KN, mm, C mm4 2 2 1.0000E-20 No
Rebar Area KN, mm, C mm2 | 3 ‘ 2 1.0000E-20 | No
Rebar Areall ength mm2/m ~ mm2/m | 3 i 2 1.0000E-20 | No
Displacements | [
Translational Displ KN, mm, C mm 6 \ 2 1.0000E-20 | No
Rotational Displ 6 2 1.0000E-20 No
Forces [
Force KN.m C kN 3 P 1.0000E-20 No
Force/Length KN.m, C kN/m | 2 2 1.0000E-20 | No
_ Force/Area I KN, m, C kN/m2 2 | 2 1.0000E-20 | No
Moment KN, m, C _kN-m 4 1 2 1.0000E-20 | No
Mnament/l anath KN m EN-m/m 4 I 2 1 NNNNF-20 Nn ﬂ
OK Cancel
Figure 80

To select the design code and other design preferences, go to ‘Design’ menu and
click on ‘Design Preferences...” and the following window will pop up. In the
‘Code’ tab of this window, change the ‘Design Code’ to ‘BS 8110-1997° or any
other code which you want to design the circular foundation with. In the ‘Min.
Cover Slabs’ tab, for ‘Non-Prestressed Reinforcement’ | both the ‘Clear Cover



Top’ and ‘Clear Cover Bottom’ should be set to 50mm as the concrete cover in
this design problem stated to be 50mm. The ‘Preferred Bar Size’ can be set to any
reasonable value. Here, the ‘Preferred Bar Size’ is set to #14 which is the bar
number which will be used as the main reinforcement in the foundation. Leave the
rest as they are and press ‘OK’.

Code l Min. Cover Slabs I Min. Cover Beams | PJT Stress Check‘

Design Code ‘ BS 8110-1997
Resistance Factors: \
i Gamma Steel ‘1 15

Gamma Concrete \ 15

Gamma éhear ‘ 125

[ Reset Tab Defaults |

Cancel |

Figure 81.
STEP 2: Defining Material Properties

The materials which are involved in the design of the footing should be defined
before the analysis. These materials are the concrete, the reinforcement bar (rebar)
and the soil support. Thus, these properties will be defined here.

The material definition can be carried out in two ways.

The first one is through the ‘Define’ menu in the menu bar. The other one through
the model explorer on the left hand side of the home window. To define material
properties through the former method, click on ‘Define’ menu and again click on
‘Materials...” resulting in the following window depending on prior material
definitions.

The list in the ‘Materials’ box may not be exactly as it appears in your widow.
However, that doesn’t bring any change in the outcome of the design process as
you can customize this list any time.



The ‘Add New Material Quick...” button allows you to define materials quickly
from a list of pre-defined materials. The ‘Add New Material’ button allows you
to define materials by changing their properties. The ‘Add Copy of Material’
button allows you to define a material with same property as an already defined
matetial. The ‘Modify/Show Material’ button displays the property of an already
defined material with the possibility of modification. The ‘Delete Material’ button,
when active, deletes a defined material property.

124 Materials

Materials Click to:

| Add New Material Quick...
A416Gr270 5

A615Gr60 Add New Material...

Add Copy of Material...

Modify/Show Material. ..

Figure 82

For this particular problem, we will add new concrete and a rebar materials using
the ‘Add New Material...” button. Thus click on this button and the following
window will pop up.

This is the window where concrete properties will be modified. Put any name for
the material in the text field in front of ‘Material Name’. But, it is important to
make sure that the concrete with the defined material name is assigned for the
footing. For this particular problem, let us use the name of the concrete as ‘C20’.
Since we are defining a concrete, the ‘Material Type’ should be set to ‘Concrete’.

The unit weight of reinforced concrete may vary depending of the design code of
your country. Thus, enter the unit weight of reinforced concrete stipulated in your
country code in the text field in front of ‘Weight per Unit Volume’. For this
particular example, we will use 25kN/m”.

For C-20 concrete, the modulus of elasticity according to BS 8110-1197 is around
27GPa. Thus, enter this value in the text field in front of ‘Modulus of Elasticity,
E’. If you selected another design code in step 1 while creating the model, you
should refer to actual value of this parameter from the code and enter it accordingly.
Be aware of the units though.



General Data i
| Material Name C20
Material Type [Concrete v]
Material Display Color -
Material Notes [ Modify/Show Notes... J

Material Weight
Weight per Unit Volume

Isotropic Property Data
Modulus of Elasticity, E
Poisson's Ratio, U
Coefficient of Thermal Expansion, A
Shear Modulus, G

Other Properties for Concrete Materials

Concrete Cube Compressive Strength, fcu

[ Lightweight Concrete

Figure 83

The values of Poisson’s ratio and coefficient of thermal expansion may also be
defined in the design code and should be entered accordingly. For this particular
problem, a value of 0.2 for ‘Poisson’s Ratio, U’ and a value of 10x10°/°C for
‘Coefficient of Thermal Expansion, A’ will be entered. The ‘Shear Modulus, G’
will be automatically calculated in an un-editable text field.

The grade of concrete for this particular problem is C-20 which is a concrete with
28 day characteristics cube compressive strength of 20MPa. The concrete
designation may be different for different country codes but the concept is the
same. Therefore, enter 20 in the text field in front of ‘Concrete Cube
Compressive Strength, fcu’.

If a lightweight concrete is used, check on ‘Lightweight Concrete’ and enter the
corresponding ‘Shear Strength Reduction Factor’ in the space provided.

When you press on ‘OK’, a concrete material with the above properties will be
added to the list of materials. This material will be assigned for the footing before
the analysis.

After adding a new concrete property, the program returns to the window shown
in Fig. 82 To define a rebar property, we will follow the same procedure as we
followed while defining the concrete property. Since a new rebar property will be



defined, click on the ‘Add New Material...” button. A ‘Material Property Data’
window pops up and when you change the ‘Material Type’ to ‘Rebar’, the window
appears to look like the following.

124 Material Property Data 2| X|

General Data

Material Name 5460

Material Type [Rebar L'
Material Display Color | Change... I
Material Notes Modify/Show Notes... ‘

Material Weight
Weight per Unit Volume 77.0085 kN/m3

Uniaxial Property Data

Modulus of Elasticity, E 200 N/mm2
Other Properties for Rebar Materials

Minimum Yield Stress, Fy 460 N/mm2

Minimum Tensile Stress, Fu 460 N/mm2

OK Cancel

Figure 84

Change the ‘Material Name’ to any name you want. Here, we name it ‘S460’. The
material type should be ‘Rebar’. The weight per unit volume of steel is stipulated
in the design code. For BS 8110-1197, the weight per unit volume is 77.0085kN /m”.
Thus, enter this value in the text field in front of ‘Weight per Unit Volume’. The
modulus of elasticity for reinforcement bars according to the same design code is
200GPa. Thus enter this value in the text field in front of ‘Modulus of Elasticity,
E’ considering the unit.

In the ‘Other Properties for Rebar Materials’ box, two quantities are mentioned:
minimum yield stress and minimum tensile stress for the reinforcing material. The
values of these parameters will be specified in the design code which you defined
earlier. If the code assumes that the rebar material exhibits elastic perfectly plastic
behavior, the values of these two quantities will be the same. The grade of steel to
be used for this particular example is S-460. The yield stress for this type of
reinforcement bar is 460MPa. Since the design code of my country assumes that
rebars exhibit elastic perfectly plastic behavior, the minimum tensile stress will also



be 460MPa. Thus enter 460 in both text fields in front of the ‘Minimum yield
stress, Fy’ and ‘Minimum Tensile Stress, Fu’. Then press ‘OK’ in both
‘Material Property Data’ and ‘Materials’ windows concluding the material
definition step.

The other property which should be defined is the soil support. To define the soil
properties, go to the ‘Define’ menu and click on ‘Soil Subgrade Properties’ menu
item and the following window appears.

189 Soil Subgrade Properties i]l(_l
Soil Subgrade Property Click to:
SOIL1 I Add New Property...

Modify/Show Property...

|
Add Copy of Property... |
|
|

Delete Property

OK
Cancel
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By using the buttons in this window, a new soil property or copy of soil property
can be added. An existing soil property can also be modified or deleted. For this
problem, let us add a new soil property by using the ‘Add New Property...’
button. Thus, click on this button and the following window pops up.

154 Soil Subgrade Property Data 7| X|

[ General Data

Property Name |soiL

Display Color |

Property Notes I Modify/Show Notes... |
~ Property

Subgrade Modulus 1.5E+04 kN/m3
ok | Cancel |

Figure 86



In this window, set the property name to ‘SOIL’ and change the subgrade modulus
to 15,000kN/m’. Because, the subgrade modulus which can be assume by the ratio
of the bearing capacity by the allowable settlement for this particular example is so.
Then press ‘OK’ in both the ‘Soil Subgrade Property Data’ and ‘Soil Subgrade
Properties’ windows.

STEP 3: Defining Footing and Column Properties

After defining the material properties, the footing and column properties can be
defined. This definition can take place in two ways: from the menu bar and from
the model explorer. In SAFE software, footings are modelled as ‘footings’ and
foundation columns are modelled as ‘stiff’.

To define footing and column properties from the menu bar, go to ‘Define’ menu
and click on ‘Slab Properties...”. The following window will pop up.

The ‘Add New Property...” button prompts the user to enter new properties for
the footing and foundation column while the ‘Add Copy of Property...” copies
the property of an existing slap. The ‘Modify/Show Property...” allows the user
to show the property of an existing component with the possibility of modification.
When the ‘Delete Property’ button is active, it allows the user to delete an existing
slab property.

124 Slab Properties 21X

Slab Property Click to:

Add New Property

E

Figure 87

In this case, we use the ‘Add New Property..."” button to add new slab properties
for the footing and foundation column. Click the button and the following window
will pop up.



154 Slab Property Data 21X

General Data

Property Name IFOOTING

Slab Material ICZ(} ﬂ 4'
Display Color _
Property Notes Modify/Show... |

Analysis Property Data

Type lFooting L,
Thickness 600 mm
¥ Thick Plate " Orthotropic

OK Cancel

Figure 88

The ‘Property Name’ can be assigned with any name; but, in this case, the property
name which will be used is FOOTING’. The ‘Slab Material’ should be set to the
concrete grade which is defined in step 2. Since the name of the concrete material
defined in step 2 for this particular problem is ‘C20°, a material with this name
should be selected from the list.

In the ‘Analysis Property Data’ box, “Type’ should be set to ‘Footing’. The
‘Thickness’ value should be set to the thickness of the footing defined in the
example. Since the thickness of the footing is 600mm, this value is entered in the
text field corresponding to “Thickness’. As footings are modelled as thick plates,
check the “Thick Plate’ option. The ‘Orthotropic’ check box is selected when a
tooting with irregular dimension is to be used.

When you press ‘OK’, the ‘Slab Property Data’ window will be exited and the
‘Slab Properties’ window gets activated. Now, the property of the foundation
column will be added. To do this, again click on the ‘Add New Property...” button.
The following window appears after the click.



154 Slab Property Data 2| X

General Data

Property Name ISTIFF

Slab Material [c20 =]
Display Color |
Property Notes Modify/Show... |

Analysis Property Data

Type l Stiff LI
Thickness 600 mm
¥ Thick Plate I” Orthotropic

OK Cancel

Figure 89

The ‘Property Name’ can be any name but we use ‘STIFF’. The ‘Slab Material’
should be set to the concrete grade which is defined in step 2. Since the name of
the concrete material defined in step 2 for this particular problem is ‘C20’, a material
with this name should be selected from the list.

In the ‘Analysis Property Data’ box, “Type’ should be set to ‘Stiff’ as we are
defining the property of column. The “Thickness’ value should be the footing
thickness which is equal to 600mm. As foundation columns are modelled as thick
plates, check the “Thick Plate’ option. The ‘Orthotropic’ check box is selected
when a column with irregular dimension is to be used.

When you press ‘OK’, the ‘Slab Property Data’ window will be exited and the
‘Slab Properties’ window gets activated. Again press ‘OK’ and exit the window for
defining the footing and foundation column.

STEP 4: Defining Load Patterns, Load Cases and Load Combinations



The loads on the foundation should be defined accordingly before the analysis.
First, the load pattern should be defined. This can be done from the ‘Define’ menu
or from the ‘Model Explorer’. This time, we will do it from the model explorer.
In the model explorer, expand ‘Load Definitions’ and you will see ‘Load
Patterns’. When you expand ‘Load Patterns’, you will see ‘DEAD’ and ‘LIVE’.
At the end, the model explorer appears to look like:

134 Model Explorer @
Model Displayl Detaiing

= Model Definions
E Coordinate Systems
= Property Definitions
[t Matenals
[l Slab Propertes
----- Beam Propertes
[#I Reinforcang Bar Sizes
- Tendon Properties
- Column Properties
- Wall Properties
(] Soll Subgrade Properties
- Point Spang Propertes
[#]- Line Spnng Properties

[+l Load Cases

----- Load Combinations

#-- Groups

= Objects

[+l Area Objects (Slab, Wall, Ramp, Null)

----- Line Objects (Beam, Column, Brace, Null)
----- Tendon Objects

----- Slab Rebar Objects

H- Design Strip Objects

H- Paint Objects

Figure 90

Now, right click on ‘Load Patterns’ and click on ‘New Load Pattern’ and the

following window pops up.

18] Load Patterns (2 et
Load Pattems Cick To
Load Type mgm Notes ‘ Add Load Pattem
o0 PN 1 | Deben Lond Pt
LIVE LIVE 0.
[ ok
Cancel
Note: Double click cell in the Notes column to expeand it.
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In the ‘Load Patterns’ window, two load patterns are already defined: ‘DEAD’
and ‘LIVE’. The ‘Type’ of the ‘Load’ should also be changed accordingly. There
are many options for type of loading. The “Type’ for dead loads should be set to
‘DEAD’ and for live loads ‘LIVE’. If there are other types of load patterns on the
foundation such as earth quake load, you can add the load pattern with the ‘Add
Load Pattern’ button. You can also delete any undesirable load pattern using the
‘Delete Load Pattern’ button. Since in this example, we have only dead and live
loads, we will leave the existing load patterns as they are. The ‘Self Weight
Multiplier’ value should also be changed accordingly. This value imparts the option
whether to consider or ignore the self-weight of the foundation in addition to
external loads. If the self-weight of the foundation is already included as an external
dead load or if you want to exclude the effect of self-weight from the analysis, the
value under ‘Self Weight Multiplier’ should be set to zero. In this example, we
will consider the self-weight as an additional load to the external dead load. Thus,
the value under ‘Self Weight Multiplier’ for the ‘DEAD’ load is one. For the
‘LIVE’ load, it will be zero. Press ‘OK’ and the window will be exited.

Atfter this, the load cases will be defined. Load cases are used to dictate the way the
loads are applied (statically or dynamically) or the way the structure responds
(linearly or non-linearly) for the defined load patterns. To define a load case, go to
‘Define’ menu and click on ‘Load Cases...”. The following window will pop up
after the click.

189 Load Cases =
Load Cases Click to:
Load Case Name Load Case Type [ fudd New Cave.. }
[Wloeo oS [ AdCopyoiCase.. |
e e [ Modify/Show Case... }
* .
EJ [ Delete Case J
=
&
OK
Cancel

Figure 92

The load patterns which were defined earlier will automatically appear in the list of
‘Load Case Name’ of the ‘Load Cases’ window. The ‘Load Case Type’ column
shows the way in which each load pattern will be applied during analysis. If you



want to modify this, highlight the load pattern for which you are going to change
the load case type and click on the ‘Modify/Show Case...” button. If you click
this button, the following window will appear. In this window, you can change the
way the load is applied from the ‘Load Case Type’ box. The way the structure
responds can also be selected from the ‘Analysis Type’ box. This problem ‘Static’
is for the ‘Load Case Type’ and ‘Linear’ is selected for the ‘Analysis Type’ since
the load is static and the foundation responds linearly. The scale factor for the dead
load in the ‘Loads Applied’ box will be left as one. Press ‘OK’ and exit the window.

The load case type for the live load should also be ‘Linear Static’. Otherwise, it
should be changed by clicking the ‘Modify/Show Case...” button to linear static
case. If both the load case types are as desired click ‘OK’ and exit the ‘Load Cases’
window.

354 Load Case Data - Linear Static ‘.M
Load Case Name Load Case Data Notes Load Case Type
DEAD [ Modfy/Show Notes... ] {Stanc v \ Design...
Stiffness to Use Analysis Type
@ Zero Inttial Conditions - Unstressed State @ Linear
Nonlinear (Allow Uplift)
Nonlinear (Cracked)

Nonlinear (Long Term Cracked)

Loads Applied
Load Name Scale Factor
» |DEAD [=]1
* | =]

oK | [ Cancel |

Figure 93

Definition of the load combinations will be the next step. Two load combinations
will be considered in this example for ultimate limit state and serviceability limit
state. To define load combinations, go to ‘Define’ menu and click on ‘Load
Combinations...” and the following window pops up.
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Combinations Click to:

B [ Add Defautt Design Combos.. |

[ ok | [ Cancel |

Figure 94

New load combinations will be added through the ‘Add New Combo...” button.
Here, two load combinations will be added; one for the ultimate limit state the other
for the serviceability limit state. When the ‘Add New Combo...” button is clicked,
the following window appears.

General Data
Load Combination Name COMB1
Combination Type [LinearAdd
Notes [ Modify/Show Notes. .
Auto Combination [No

Define Combination of Load Case/Combo Results

Load Name Scale Factor
» |DEAD gl 13

LIVE Xil1e
* v

Design Selection

Strength (Ultimate) [T service - Normal
[[] service - Initial [] service - Long Term
[ ok ] [ cancel |
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In the ‘Load Combination Data’ window, any name can be given for the load
combination. The ‘Combination Type’ should be set to ‘Linear Add’ as the
component loads (dead and live) will be added linearly. However, there are also
other options from the drop down menu in front of ‘Combination Type’. In the
window shown in Fig. 95, the two loads (dead and live) should be activated below
the ‘Load Name’ column of the ‘Define Combination of Load Case/Combo
Results’ box. The values in the ‘Scale Factor’ column correspond to the partial
safety factors for load for the failure mode under consideration. These partial safety
factors are specified in the design code of your country. In the design code of my
country, the partial safety factor for dead loads for ultimate limit sate case is 1.3 and
for serviceability limit state is 1 for the cases where there are only dead and live
loads. For such load patterns, the partial safety factor for live loads for ultimate
limit sate case is 1.6 and for serviceability limit state is 1. Thus, enter a value of 1.3
in front of ‘DEAD’ and 1.6 in front of ‘LIVE’ in ‘Scale Factor’ column. The
failure condition which is being under consideration can be defined by selecting
and deselecting the check boxes in the ‘Design Selection’ box. Since the above
scale factors are for the ultimate limit state, check on ‘Strength (Ultimate)’. The
‘Load Combination Data’ window for the serviceability limit state looks like the
tfollowing window.



General Data

Load Combination Name COMB2

Combination Type [LinearAdd

Notes [ Modify/Show Notes...
Auto Combination ‘ No

Define Combination of Load Case/Combo Results

m Load Name " Scale Factor
» |DEAD gl 1-

LIVE ol 1-
* v

Design Selection

[] strength (Ultimate)

[ Service - Initial

Service - Normal

[¥] service - Long Term

OK

[ Cancel ]
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STEP 6: Drawing the Footing Components and Design Strips

The footing, the foundation column and a point where the loads will be applied on

the foundation column should now be drawn on the grid.

t.  Drawing the footing

Since the footing will be drawn around points and since the footing is
circular, go to the ‘Draw’ menu and click on ‘Quick Draw Areas Around

Points’ or simply click on the equivalent icon & on the left hand side tool
bar. The following window will appear on the screen after the click.

359 Quick Draw Areas Around Points 2] x|
Type of Object Slab
Shape of Object Circular Slab
Property FOOTING
Diameter [m] 3

Figure 97
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Since the footing has circular shape, change the ‘Shape of Object’ to
‘Circular Slab’. Make sure that the ‘Property’ is set to FOOTING’. The
value of the ‘Diameter [m]’ should be set to ‘3’ as the footing diameter is
3m.Then, with great care take the cursor to exactly the center of the footing,
and just make one left click. This draws the footing.

Drawing the foundation column
While the window in fig 97 is active, change the ‘Property’ to ‘STIFF’ and
the ‘Diameter [m]’ to 0.6. Then, with great care take the cursor to exactly
the center of the column and just make one lift click. This draws the
foundation column.

Drawing the point on the foundation column where the load will be applied
Go to ‘Draw’ menu and click on ‘Draw Points’, then click on the mid-point
of the footing and the point will be created. If the cursor could not snap to
the midpoint, you can adjust the ‘Snap Options’ from the ‘Draw’ menu.

Atfter this, the design strips will be drawn. Design strips determine the way in which
different quantities related to the reinforcement calculation are calculated. Forces
are integrated across the design strips. Thus, the larger the width of coverage of the
design strips within the given structure, the higher will be the calculated values of
the bending moments and shear forces. Thus, an optimum width of strip is required
compromising the safety and economical requirements. The width of the design
strip will be specified in the design code. According to the code of my country, the
width of design strips for isolated foundations is 1m. Thus, a one meter design strip
will be drawn in both X and Y directions on the foundation. These design strips in
X and Y direction are usually defined in SAFE software as layer A and layer B.

To draw the design strip, go to the ‘Draw’ menu and click on ‘Design Strips’ or

simply click on the equivalent icon gfrorn the left hand sided tool bar and the
tollowing window pops up.
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iﬂ Draw Design Strips I ? -ghl
Type of Object Strip
Strip Layer A
Strip Design Type Column Strip
Start Width Left [m] 0.5
Start Width Right [m] 0.5
End Width Left [m] 0.5
End Width Right [m] 0.5
X v |
Figure 98

In this window, the ‘Strip Layer’ should be selected to be either ‘A’ or ‘B’. But if
‘A’ is for design strip in X direction ‘B’ should be for Y direction and vice versa.
Since we are drawing a strip around the column to consider maximum moment and
shear forces, the ‘Strip Design Type’ should be set to ‘Column Strip’. The width
of the strip will be 1m in both directions and since the column will be centrally
located, all the widths will be set to 0.5m. To draw the design strip in the X
direction, without closing the window, left click at the extreme left side of the
footing on the plan view and again left click at the extreme right side of the footing
and right click. This creates a design strip in X direction. In doing so, if you can’t
snap to the extreme points on the footing, you can modity the snap options by
clicking on the ‘Snap Options...” command from the ‘Draw’ menu and adjusting
the options which you want to snap to. The design strip in Y direction can also be
drawn in a similar procedure after changing the ‘Strip Layer’ to ‘B’.

You can display the design strips by setting the display options by clicking on ‘Set
Display Options...” from the “‘View’ menu or by simultaneously clicking on ‘Cttl’

and ‘W’ keys or by just clicking on the set display options icon ¥ from the tool
bar below the menu bar. This results in the following window:
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Then, check on ‘Labels’, ‘Show Width’ and ‘Show Stations’ in the ‘Design Strip
Objects’ box and press ‘OK’ and after drawing dimension lines by using the
command ‘Draw’>’Draw Dimension Lines’, the following window appears
displaying the design strips in the two directions.
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STEP 7: Assigning Slab Data, Support Data and Load Data

The slab data, support data, and load data which are defined in the previous steps
should be assigned to the corresponding structural component. The way to do this
is first to select the component and next to assign the slab property, support
property or loads accordingly. The selection can be done by clicking on the
component from the plan view or through the ‘Select’ menu. The latter option
assures that the component is selected exactly as selection by clicking may result in
incorrect selection. Thus, all the selections here will be done from the ‘Select’
menu. The assignments will be discussed as follows:

a. Assigning support data to the footing
Select the footing through the following strings of commands
‘Select’>’Select’>"Properties’’Slab Properties...”. Then select ‘TFOOTING’
and press ‘OK’. Then assign the footing property through the following strings of
commands ‘Assign’>’Support Data’>’Soil Properties...”. Then select ‘SOIL’
and press ‘OK’.

b.  Assigning reinforcement data to the design strips
Select each design strip through the following strings of commands
‘Select’>’Select’>’Properties’>Design Strip Layers...”. Then select ‘A’ or ‘B’
(one at a time) and press ‘OK’. When you right click on the selected strip layer, the
‘Slab-Type Area Object Information’ window pops up. In the ‘Design’ tab of
this window, set the ‘Rebar Material’ to ‘S460’ and press ‘OK’. Do this for both
strips.

¢. Assigning load on the foundation colummn
To assign load on the foundation column, right click on the point at the center of
the foundation column and a ‘Point Object Information’ window pops up. In this
window, click on the ‘Loads’ tab.

The dead load and the live load can be assigned through the ‘Assign Load...’
button. The procedure is: click on ‘Assign Load...” button, then select ‘Force
Loads’ then press ‘OK’ then select either ‘DEAD’ or ‘LIVE’ depending on which
loads you want to enter their values then enter their values accordingly (both the
concentrated load and the bending moment) and in the right direction (axis), then
select ‘Add to Existing Loads’ and press ‘OK’. While doing this, the foundation
column dimensions should be entered in the ‘Size of Load for Punching Shear’
box of ‘Point Loads’ window.



159 Point Object Information

Point Object Name [9

Assignments | Geometry Loads | Design |

Load Pattern
Point Loads
Force in Gravity Dir (-Global Z) (kN)
Load Size X Dimension (mm)
Load Size Y Dimension (mm)
Load Pattern
Point Loads
Force in Gravity Dir (-Global Z) (kN)

Load Size X Dimension (mm)

Load Size Y Dimension (mm)

DEAD

500
600
600

LIVE

250
600
600

[

Figure 101

You can also delete any forces which are wrongly entered through ‘Delete
Existing Loads’ radio button option. In this example, since the dead concentrated
load is 500kN and since the live concentrated load is 250kN, these values are
entered in the Gravity Direction for the concentrated load and along y-axis for the

bending moment.

STEP 8: Running the Analysis

After this, the analysis can be run. But, make sure that the footing and the
foundation column are assigned with the correct rebar material. To do this, right
click anywhere in the plan view of the footing and the ‘Slab-Type Area Object

Information’ window will pop-up.

21X

Assign Load...
Reset All

OK
_ Cancel |

Cancel
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Rebar Material 5460 _ ResetAl |
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OK
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In the ‘Design’ tab of this window, set the value of ‘Rebar Material’ to ‘S460’.
Do this for the column foundation, and both design strips as well. After this, go to
the ‘Run’ menu and click on the ‘Run Analysis’ command.

STEP 9: Displaying the Output

Once the analysis is run, the output will be displayed. Particularly, the punching
shear design is of great importance as the footing cannot be designed without the
punching shear requirement being adequately satisfied. To do this, go to the ‘Run’
menu and click on ‘Run Analysis & Design’ command or simply click on the ‘F5
key. When you do this, you will be prompted to save the model, if you haven’t
already don this. When you save the model, the following window showing the
displacement of the soil in a banded figure will be displayed.
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To display the punching shear ratio, go to the ‘Display’ menu and click on ‘Show
Punching Shear Design’. After this, the punching shear ratio will be displayed in
the plan view around the foundation column as in the following figure.

Figure 104

As can be noticed from the figure, the punching shear ratio is 2.9199. Generally, a
punching shear ratio less than one indicates the concrete thickness is adequate to
resist punching shear and a value greater than one indicates that the punching shear
capacity is exceeded somewhere along the critical section. For economical desion,



it is recommended to keep the punching shear ratio between 0.95 and 1 as very
small values of punching shear ratio means excess concrete thickness is used.
However, if the punching shear ratio is greater than one, like in this example, the
thickness of the concrete should be increased or the grade of the concrete should
be increased and the foundation should be re-designed. A detailed quantitative
description of the foundation design can also be obtained by right clicking on the
plan view shown in Fig 104 as shown below. Several trial may be made by zooming
in and out to get the quantitative description.
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Through the ‘Display’ menu, relevant quantities can be displayed on the screen.
For instance, the ‘Display’>’Show Strip Forces’ command or by simply clicking
the ‘F8 key, the following window will be displayed.



124 Strip Forces i'il

Load Case/Load Combination

" Load Case

* Load Combination |COMB1 L,
Component

& Moment " Axial Force

" Shear Force C Forsion

Show Forces For These Strip Layers
M Layer A
I” LayerB
-

Scaling

+ Automatic

" User Defined : E

Display Options
M Fill Diagram

¥ Show Values on Diagram

Apply | Close
Figure 106

In this window, the ‘Load Case/Load Combination’ box provides with radio
buttons to select for which particular load case or load combination that we want
to display the output. The ‘Component’ box contains four radio buttons to select
which quantity to display. The ‘Show Forces For These Strip Layers’ box allows
us to select the strip layer for which the quantity is displayed. Both strip layers can
be selected at the same time. From the ‘Scaling’ box, we can select whether
automatic scaling or user defined scaling is used while displaying the diagram. The
‘Display Options’ box allows us to fill or not to fill the diagram and to display or
not to display the values on the diagram. For the preferences shown in Fig. 106,
the following diagram will be displayed.



Figure 107

The ‘Display’>’Show Slab Design...” command results in the window shown in
Fig 108. In this window, several options can be set in order to display the footing
design in the way we wanted to. The ‘Choose Display Type’ box allows us to
select the ‘Design Basis’ between ‘Strip Based’ and ‘Finite Element Based’.
Unless some differences in the way the design is displayed, there is no difference in
the amount of reinforcement between these selections. Through the ‘Display
Type’ in the same box, it can be selected whether to display flexural reinforcement
or shear reinforcement. This box also allows us to impose or not to impose
minimum reinforcement during the design. The ‘Rebar Location Shown’ box
allows us to select which reinforcement, top or bottom or both, to be displayed.
The ‘Reinforcing Display Type’ box allows us to set the manner in which the
amount of reinforcement is displayed. The option whether to show the reinforcing
envelop diagram and the reinforcing extent can be set by the check boxes in the
‘Reinforcing Diagram’ window. The strip layer direction for which the amount
of reinforcement is displayed can be chosen from the ‘Choose Strip Direction’
box. The ‘Display Options’ box allows us whether to display output in filled
diagram or not and whether the values at controlling stations will be displayed or
not. If we want to display the amount of reinforcement above some specified
reinforcement bar area or spacing, we can use the options in the ‘Show Rebar
Above Specified Value’ box. When the ‘Typical Uniform Reinforcing
Specified Below’ radio button is selected, the “Typical Uniform Reinforcing’
box get activated. In this box, we can set a specific value above which the



reinforcement amount will be displayed. The reinforcement diagram output, for the
options set in Fig. 108, will be shown below in fig. 109.

i34 Slab Design L2 =
Choose Display Type Choose Strip Direction
Design Basis  Stip Based - Layer A
Display Type | Enveloping Flexural Reinf -] [ LayerB
Impose Minimum Reirforcing L1 Layer Other
Rebar Location Shown Display Options
Show Top Rebar Fill Diagram
Show Bottom Rebar Show Values at Controlling Stations on Diagram
Reinforcing Display Type Show Rebar Above Specified Value
@ Show Rebar Intensity (Area/Unit Width) @ None
) Show Total Rebar Area for Strip () Typical Uniform Reinforcing Specified Below
() Show Number of Bars of Size: () Reinforcing Specffied in Slab Rebar Objects
Bar Size Typical Unform Reinforcing
Top 18 ) @ Define by Bar Size and Bar Spacing
Eottom & v Define by Bar Area and Bar Spacing
Reinforcing Diagram ) Bar Size Spacing {mm)
Show Reinforcing Envelope Diagram i |6 g | 12
Scale Factor 1 Bottom s = | 12
Show Reirforcing Extent
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Figure 108

Top 0.128 mm2/m
Bot 518.931 mm2/m

Figure 109



As can be noticed from the footing design diagram in fig. 71, the top reinforcement
across strip layer A is around Omm?®/m for top reinforcement and 790mm?/m for
bottom reinforcement.

The design outputs can also be displayed in tabular format by clicking on the ‘Show
Tables...” menu item from the ‘Display’ menu or by just clicking on the equivalent

icon E from the tool bar below the menu bar and the following window will

pOp up.
== ‘ B
84 Choose Tables for Display L? I&I
Edit
‘ =--[] MODEL DEFINITION (0 of 40 tables selected) Load Patterns (Model Def.)

[0 System Data Select Load Patterns...
# [0 Geometric Data 2 of 2 Selecied
/[0 Definitions
#--[] Assignments Load Cases (Results)
+--[] Design Data Select Load Cases...

=[] ANALYSIS RESULTS (0 of 19 tables selected) T4 hciod
@--[] Analysis R I S joc
- [0 Analysis Result Enveloping Summaries Modify/Show Options..
#--[0 Nodal Results
+--[] Element Results :
+--[ Structure Result Data Options

~~[] DESIGN RESULTS (0 of 4 tables selected)
#--[J Design Result Summaries [™] Show Unformatted
#--[] Concrete Design

Named Sets

Cancel

. Table Formats Fle“_;] Current Table Formats File: Program Default
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In this window, we can select any of the model definitions or analysis results or
design results and press ‘OK’ to display the quantity which we want to have a look
at. By using the right hand side buttons in the window, the load patterns and the
load cases can be selected.

STEP 10: Detailing

After running the analysis and after checking that the results are reasonable, the
detailing will be done. However, before running the detailing, the detailing
preferences can be set from the ‘Detailing’ menu. From the ‘Detailing



Preferences...’, the likes of dimensional units and material quantity units can be
selected. From ‘Slab/Mat Detailing Preferences...’, the likes of rebar
curtailment options, the rebar detailing options, rebar selection rules and preferred
rebar sizes can be selected. The ‘Drawing Sheet Set-up...” menu allows us to set-
up the contents of the drawing sheet. The ‘Drawing Format Properties...” allows
us to set some formats in which the output displayed.

To run the detailing, go to ‘Run’ menu and click on ‘Run Detailing...” or
simultaneously press ‘Shift” and ‘F5’ keys or just click on the run detailing icon

& from the tool bar just below the menu bar. Then, the ‘Run Detailing
Options’ window pops up so that we set the detailing options. Set the detailing

options which you want and click ‘OK’.

Once the detailing is run, the detailing can be displayed. The detailing display
options can be best accessed from the ‘Model Explorer’. When expanded in full,
the ‘Detailing’ tab of the model explorer looks like:

254 Model Explorer

=l Detafing

(= Drawing Component Views
: Crawing List
General Notes
----- Rebar Shapes
----- Beam Curtadment Rules
SlabiMat Curtaidment - Col Stap
----- Slab/Mat Curtadment - Mid Stap
= Footings Views
----- Footing Layout Plan
R
: Footings Bl of Quantiies
= Drawing Sheets
EI--- Cover Sheet
‘... Cover Note
EI--- General Notes
: ----- List of Drawings
General Notes
i ‘... Rebar Shape Codes
El--- Footing Layout Plan
Footing Layout Plan
El--- Footings Table
Footings Table

Figure 111



By clicking on any of the options from the detailing tab, a desired detailing can be
displayed. For instance, by double clicking on the ‘Footing Table’, the following
detail of footing can be shown.

FOOTINGS TABLE

SR.NO. |TYPE NOS LX LY T REBARS-A REBARS-B

1 F1 1 3.000m 3.000M 0600 M %3 8-%3

Lx

Bars-A

Ly

Bars-B8

le—T—>

Figure 112

In this detail, the diameter of the reinforcement which is used is 10mm. If you want
to change the diameter....

Apart from this detail, other details can also be shown.

STEP 11: Reporting

The last step of foundation design is reporting. Before creating the report, the
report preferences should be set up. To do this, go to the ‘File’ menu and click on
‘Report Set-up...” and the following window pops up.

In this ‘Report Setup Data’ window, the user preferences regarding the reporting
such as the report output type, the report page orientation and the report items can
be set along with the load patterns and load combinations. Once the preference is
set, the report can be created by clicking on ‘Create Report’ command in the ‘File’
menu. The ‘Advanced Report Writer’ command in the same menu can be used to
set some advanced reporting formats.



This concludes the tutorial for the design of single footing using a model
imported from AutoCAD.

f 188 Report Setup Data m

Report Contents File

© Defaut File

() User Spectfied

J B e
Table Format Fie (Used Only When A Table Fornat File Is Not Specfied In The Report Contents Fie)
[Program Defaut Browse...

Report Output Type Load Pattems (Model Definition) Report Units Set

@ RTFFie (Microsoft Word) [ Select Load Pattems... ] © Curent Unis Set

©) HTML Fie (intemet Explorer) 20f 2 Selected Named L

O [ad Iutae Load Cases/Combos (Resuks) {

© Text Fie (No Pictures) [ SelectLoad Cases/Combos.. |

) Text File With No Spits (No Pictures) 2of 4 Selected
Report Page Orientation Output Options

© Portrat © Landscape [ Modéy/Show Output Options... |
Report items Report Group

[@] Include Cover Page (Based on Project Information) [ALL v]

[7] Include Hyperinked Contents (RTF and HTML)

[7] Include Fiter Crteria String Beneath Table Teles
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Design Of Combined Footing

Week 5-6



3. Combined Footing

In this part of the tutorial, a combined footing will be designed in three different
ways. First, a rectangular combined foundation will be designed using the built-in
model of the software itself. Then a trapezoidal isolated foundation will be designed
using grids. Lastly, a rectangular combined foundation will be designed by
importing the geometry from AutoCAD. In all sections, a design problem will be
given first and the procedures which will be followed to carry out the design process

in SAFE program will be detailed.

3.1. From the Built-in Model

STEP | Design a rectangular combined footing with the following parameters:

Dimension of the footing: 2.9mX5.8m

Dimension of first colummn: 0.3mX0.3m

Dimension of second column: 0.35mX0.35m

Distance between the columns: 4.5m

Distance between the center of the first column to the left edge: 0.15m
Ultimate bearing capacity of the soil : 100kN/m?

Maxcimunm: allowable settlement of the foundation: 10mm

Concentrated ultimate load on the first column : 650kIN

Concentrated ultimate load on the second column: 1000kIN

Grade of concrete: C-25 (25MPa 28-day characteristics cube strength)

Grade of reinforcement bar (rebar): S-300 (300MPa characteristics yield
strength)

Ouverall thickness of the foundation: 500mm
Concrete cover : 50mm

There are no bending moments on the column

Creating the Model

To create a footing model from the built-in program, there are three ways.

d.

Go to File menu and click on New Model ...

Click on the icon D . This icon is the first among the list of icons just
below the menu bar.
Simply click on the Ctrl and N keys simultaneously (Ctrl+N).




Performing one of the above three ways results in the popping-up of the
following ‘New Model Initialization’ window.

129 New Model Initialization 7] X
[~ Design Data
Design Code BS 8110-1997 |
Design Preferences Modify/Show... |
Project Information Modify/Show... |
Units (Currently Metric) Modify/Show. .. |
"~ Initial Model
@ R
I I
. [ o ] [
Blank Flat Slab Flat Slab  Two Way Slab  Base Mat
Perimeter
Beams
Gl =
‘
Grid Only Waffle Slab  Ribbed Slab  Single Footing  Combined
Footing

Figure 114

This window consists of two parts: the ‘Design Data’ part and the ‘Initial Model’
part. In the ‘Design Data’, there are ‘Design Code’, 'Design Preferences’,
‘Project Information’ and ‘Units’.

The ‘Design Code’ consists of a list of selected design codes from many countries.
Depending on the suitability of the code for your country, you may select one
among the list of codes. The design code which follows similar design philosophy
to my country code is BS 8110-1997. So, this design code is selected.

After selecting the design code, it is better to first select the units to be used in the
design and analysis process. These units can be selected by clicking on the
‘Modify/Show’ button in front of ‘Units’. The following window pops up when
the button is clicked. To choose metric units, click on ‘Metric Defaults’ button.



The click results is metric units for best practices to be selected. It can be observed
that, even though all the units are metric, they are not consistent. To select a
preferred consistent unit, click on the ‘Consistent Units’ button. In this ‘Units’
window, the decimal places and minimum number of significant digits for any
quantity can also be modified.

54 units 21X
File
Quick Units
U.S. Defaults Metric Defaults Consistent Units... ) |
Units
Item Units Units Label Decimal Min. Sig. Zero Always Use | ~
Places Figures Tolerance E Format
Structure |
Coordinates KN, m, C m 5 2 1.0000E-20 | No
Absolute Distance KN, m, C m 5 2 1.0000E-20 | No
Relative Distance 4 2 1.0000E-20 No
Angles | 3 2 1.0000E-20 No
Length KN, mm, C ~mm ’ 3 ‘ 2 1.0000E-20 | No
Area KN, mm, C mm2 2 2 1.0000E-20 No
Length4 KN, mm, C mm4 2 2 1.0000E-20 No
Rebar Area KN, mm, C mm2 | 3 2 1.0000E-20 | No
Rebar Areal/Length mm2/m mm2/m | 3 2 1.0000E-20 No
Displacements | | |
Translational Displ KN, mm, C mm 6 2 1.0000E-20 No
Rotational Displ | 6 | 2 1.0000E-20 No
Forces | \
Force KN, m, C kN ' 3 2 1.0000E-20 No
Force/Length KN, m, C kN/m 2 2 1.0000E-20 No
Force/Area KN.m,C | kN/m2 2 2 1.0000E-20 | No
Moment KNmC |  kN-m | 4 2 1.0000E-20 | No
Mnment/l ennth KN m kN-m/m 4 2 1 NNNNF-2N Nn _v_]
OK Cancel
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By clicking on the ‘Modify/Show’ button in front of the ‘Project Information’,
information regarding the project, the company and the model can be entered.

By clicking on the ‘Modify/Show’ button in front of the ‘Design Preferences’,
the user preferences regarding the design code, concrete cover for slabs and beams,
post-tensioning can be changed. The following ‘Design Preferences’ window



pops-up when the button is clicked. The ‘Min. Cover Slabs’ tab of the window
may be of interest for this particular problem as footings will be modelled as slabs.
Thus, click on this tab. This is the tab where the concrete cover and preferred rebar
size will be entered.

159 Design Preferences ?1 X
i 2]

Code Min. CoverSlabs | Min. Cover Beams | P/T Stress Check [

Non-Prestressed Reinforcement =]
Clear Cover Top (mm) ;750
Clear Cover Bottom (mm) 50
Preferred Bar Size 20
Inner Slab Rebar Layer Layer B

Post-Tensioning ‘
CGS of Tendon Top (mm) 25
CGS of Tendon for Bottom of Exterior Bay (mm) |40
CGS of Tendon for Bottom of Interior Bay (mm) 25

Minimum Reinforcing

Slab Type for Minimum Reinforcing Two Way L’

Reset Tab Defaults l

OK Cancel
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In the ‘Min. Cover Slabs’ tab, for ‘Non-Prestressed Reinforcement’ ; both the
‘Clear Cover Top’ and ‘Clear Cover Bottom’ should be set to 50mm as the
concrete cover in this design problem stated to be 50mm. The ‘Preferred Bar Size’
can be set to any reasonable value. Here, the ‘Preferred Bar Size’ is set to 20 which
is the diameter of the rebar in mm which will be used as the main reinforcement in
the foundation. Leave the rest at they are.

Once everything is set correctly in the ‘Design Data’ box, go to the ‘Initial Model’
box and select the suitable model. Since, an isolated (single) footing will be designed
click on the big square button just above ‘Combined Footing’. The button itself
shows a plan view of a combined footing. When the button is clicked, the following



‘Combined Footing’ window will pop up. In this window, there are three boxes:
‘Plan Dimensions’, ‘Load’ and ‘Properties’.

In the ‘Plan Dimensions’ box, the footing and column dimensions will be entered.
While entering the footing dimension, it is the distance from the center of the
columns to each of the edge which will be entered not the actual dimension of the
footing. Since the distance from the left edge to the center of the column is 0.15m,
the ‘Left Edge Distance’ is set to 0.15m. The distance from the center of the
second column to the right edge, if you calculate it from the dimensions of the
footing, is 1.15m. Thus, the value of set all the values of ‘Right Edge Distance’ is
set to 1.15m. Since the column is centrally located in y-direction, the values of “Top
Edge Distance’ and ‘Bottom Edge Distance’ are set to be 1.45m.

The radio button below ‘Load Spacing and Size’ should be set to X Direction’
as the columns will be aligned in x-direction. The value of the ‘Spacing’ should be
set to 4.5 as the distance between the columns is 4.5m. For the ‘Load Size
(square)’, the dimensions of any of the columns can be entered and later it can be
changed depending on the actual footing dimensions.

y Y
258 Combined Footing ‘M
Plan Dimensions Load Values
Along X Direction Load 1 Dead Live |
Left Edge Distance 0.15 m P 0 650 kN ]
Right Edge Distance 1.15 m Mx 0 0 kN-m
My 0 0 KN-m
Along Y Direction
Top Edge Distance 145 m z Dead gve
P 0 1000 kN
Bottom Edge Distance 145 m
Mx 0 0 kN-m
Load Spacing and Size My 0 0 kN-m
@ X Direction Y Direction
Properties
5 :
Spacg 3 e Footing Thickness 500 mm L
Load Si 300 —_—
Be = i) o Subgrade Modukss 1E-04 kN/m3 Cancel |
Figure 117

Since in this design problem, the dimension of the first column is 300mmX300mm,
enter 300 in the text field as the unit is already in mm. For column shapes other
than square, just enter a preliminary column dimension and you can change both
the shape and size of columns at a later time.

In the ‘Load Values’ box, enter the concentrated loads and moments in the
column depending on their type as ‘Dead’ or ‘Live’. In this particular problem, the



loads on each column are factored or ultimate loads comprised of dead and live
loads. But, the self-weight is not included. Since, the self-weight is regarded as a
dead load and should be multiplied by a partial safety factor. Thus, it is better if we
define the factored loads as live loads with partial safety factor of unity. Thus, set
the value for ‘P’ of ‘Loadl’ to be 650 and the value for ‘P’ of ‘Load2’ to be 1000

in the live load column.

In the Properties’ box, the footing thickness and the subgrade modulus of the soil
will be entered. The footing thickness of the footing is given to be 500mm. Thus,
enter this value as shown in fig. 117. However this value may be revised depending
on the punching shear requirements at a later time. The subgrade modulus of a soil
is the ratio of the increment of contact pressure to the corresponding change in
settlement. In the absence of a supportive test to determine its value, it can also be
safely approximated by the ratio of the bearing capacity of the soil to the maximum
permissible settlement in the soil. In this particular problem, the subgrade modulus
can be approximated by 100kN/m?/10mm = 10000kN/m>. Thus enter this value
in the text field in front of the ‘Subgrade Modulus’. Then press the ‘OK’ button.
This exits the ‘Combined Footing’ window and a plan view of the foundation will
be displayed on the main screen. You can zoom in and zoom out using the wheel
of your mouse or using the tool bar under the menu bar.

Figure 118
STEP 2: Defining Material Properties

The materials which are involved in the design of the footing should be defined
before the analysis. These materials are the concrete, the reinforcement bar (rebar)



and the soil which is already defined. Thus, the concrete property and the rebar
property will be defined here.

The material definition can be carried out in two ways.

The first one is through the ‘Define’ menu in the menu bar. The other one through
the model explorer on the left hand side of the home window. To define material
properties through the former method, click on ‘Define’ menu and again click on
‘Materials...” resulting in the following window depending on prior material

definitions.

Eveteias N =

Materials Click to:

fco ] | Add New Material Quick...

Concrete

CSA-G30.18Gr400 [

Rebar

Tendon [
[

Add New Material...

Add Copy of Material...

Modify/Show Material...
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The list in the ‘Materials’ box may not be exactly as it appears in your widow.
However, that doesn’t bring any change in the outcome of the design process as
you can customize this list any time.

The ‘Add New Material Quick...” button allows you to define materials quickly
from a list of pre-defined materials. The ‘Add New Material’ button allows you
to define materials by changing their properties. The ‘Add Copy of Material’
button allows you to define a material with same property as an already defined
matetial. The ‘Modify/Show Material’ button displays the property of an already
defined material with the possibility of modification. The ‘Delete Material’ button,
when active, deletes a defined material property.

For this particular problem, we will define concrete and rebar properties through
the ‘Add New Material’ button. Thus, click on this button. This can also be
achieved by right clicking on ‘Materials’ on the model explorer. The following
window pops up in ether cases.



General Data

Material Name C25

Material Type [Concrete

Material Display Color \ 7 [ Change...

Material Notes | Modify/Show Notes. .

Material Weight
Weight per Unit Volume

Isotropic Property Data
Modulus of Elasticity, E 23000
Poisson's Ratio, U 0.2
Coefficient of Thermal Expansion, A 10E-06
Shear Modulus, G 112083 33333

Other Properties for Concrete Materials

Concrete Cube Compressive Strength, fcu

[] Lightweight Concrete

duction
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This is the window where material properties are defined. First, let us define the
concrete property which will be used in the design. Put any name for the material
in the text field in front of ‘Material Name’. But, it is important to make sure that
the concrete with the defined material name is assigned for the footing. For this
particular problem, let the name of the concrete to be used be ‘C25’. Since we are
defining a concrete, the ‘Material Type’ should be set to ‘Concrete’.

The unit weight of reinforced concrete may vary depending of the design code of
your country. Thus, enter the unit weight of reinforced concrete stipulated in your
country code in the text field in front of ‘Weight per Unit Volume’. For this
particular example, we will use 25kN/m’.

For C-25 concrete, the modulus of elasticity according to BS 8110-1197 is around
29GPa. Thus, enter this value in the text field in front of ‘Modulus of Elasticity,
E’. If you selected another design code in step 1 while creating the model, you



should refer to actual value of this parameter from the code and enter it accordingly.
Be aware of the units though.

The values of Poisson’s ratio and coefficient of thermal expansion may also be
defined in the design code and should be entered accordingly. For this particular
problem, a value of 0.2 for ‘Poisson’s Ratio, U’ and a value of 10x10°/°C for
‘Coefficient of Thermal Expansion, A’ will be entered. The ‘Shear Modulus, G’
will be automatically calculated in an uneditable text field.

The grade of concrete for this particular problem is C-25 which is a concrete with
28 day characteristics cube compressive strength of 25MPa. The concrete
designation may be different for different country codes but the concept is the
same. Therefore, enter 25 in the text field in front of ‘Concrete Cube
Compressive Strength, fcu’.

If a lightweight concrete is used, check on ‘Lightweight Concrete’ and enter the
corresponding ‘Shear Strength Reduction Factor’ in the space provided.

When you press on ‘OK’, a concrete material with the above properties will be
added to the list of materials. This material will be assigned for the footing before
the analysis.

After defining the concrete property, the program returns to the window shown in
Fig. 119. To define a rebar property, we will follow the same procedure as we
tfollowed while defining the concrete property. Since a new rebar property will be
defined, click on the ‘Add New Material...” button. A ‘Material Property Data’
window pops up and when you change the ‘Material Type’ to ‘Rebar’, the window
appears to look like the following.



224 Material Property Data [il—i—&r

General Data
Material Name S300

Material Type [ Rebar > l

Material Display Color B e |

Material Notes [ Modify/Show Notes... }

Material Weight
Weight per Unit Volume 77.0085 kN/m3

Uniaxial Property Data
Modulus of Elasticity, E 200000 N/mm2

Other Properties for Rebar Materials
Minimum Yield Stress, Fy 300 N/mm2

Minimum Tensile Stress, Fu 300 N/mm2

Figure 121

Change the ‘Material Name’ to any name you want. Here, we name it ‘S300’. The
material type should be ‘Rebar’. The weight per unit volume of steel is stipulated
in the design code. For BS 8110-1197, the weight per unit volume is 77.0085kN /m”.
Thus, enter this value in the text field in front of ‘Weight per Unit Volume’. The
modulus of elasticity for reinforcement bars according to the same design code is
200GPa. Thus enter this value in the text field in front of ‘Modulus of Elasticity,
E’ considering the unit.

In the ‘Other Properties for Rebar Materials’ box, two quantities are mentioned:
minimum yield stress and minimum tensile stress for the reinforcing material. The
values of these parameters will be specified in the design code which you defined
earlier. If the code assumes that the rebar material exhibits elastic perfectly plastic
behavior, the values of these two quantities will be the same. The grade of steel to
be used for this particular example is S-300. The yield stress for this type of
reinforcement bar is 300MPa. Since the design code of my country assumes that
rebars exhibit elastic perfectly plastic behavior, the minimum tensile stress will also
be 300MPa. Thus enter 300 in both text fields in front of the ‘Minimum yield



stress, Fy’ and ‘Minimum Tensile Stress, Fu’. Then press ‘OK’ in both
‘Material Property Data’ and ‘Materials’ windows concluding the material
definition step.

STEP 3: Defining Footing and Column Properties

After defining the material properties, the footing and column properties can be
defined. This definition can take place in two ways: from the menu bar and from
the model explorer. In SAFE software, footings are modelled as ‘footings’ and
foundation columns are modelled as ‘stiff’.

To define footing and column properties from the menu bar, go to ‘Define’ menu
and click on ‘Slab Properties...”. The following window will pop up.

154 Slab Properties 2| X|
Slab Property [ Click to:
FOOTING Add New Property.
STIFF pery

Add Copy of Property...

Modify/Show Property...

OK

o |

Figure 122

In the ‘Slab Property’ box, two foundation components are listed. The names in
this box for your particular design may be different from the list of names in the
box. The FOOTING’ corresponds to the bottom slab portion of the foundation
and ‘STIFF’ corresponds to the foundation column. The ‘Add New Property...’
button prompts the user to enter new properties for the footing and foundation
column while the ‘Add Copy of Property...” copies the property of an existing
slap. The ‘Modify/Show Property...” allows the user to show the property of an
existing component with the possibility of modification. When the ‘Delete
Property’ button is active, it allows the user to delete an existing slab property.

In this case, we use the ‘Modify/Show Property...” button. However, one can
also use the ‘Add New Provertv. . .” button To use ‘Modifv/Show Propertv. . .’



button, highlight the foundation component to be modified like the FOOTING’
is highlighted in Fig. 122 and click on this button. Since ‘FOOTING’ is
highlighted, we will be modifying the footing property. The following window
appears after the click.

i:gj Slab Property Data ilé[

General Data

Property Name ‘FOOTING

Slab Material [c25 =
Display Color B crenge. |
Property Notes | Modify/Show... |

Analysis Property Data

Type |Footing Ll
Thickness I5UD mm
M Thick Plate I”  Orthotropic

OK Cancel
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The ‘Property Name’ will be automatically assigned to ‘FOOTING’. The ‘Slab
Material’ should be set to the concrete grade which is defined in step 2. Since the
name of the concrete material defined in step 2 for this particular problem is ‘C25’,
a material with this name should be selected from the list.

In the ‘Analysis Property Data’ box, “Type’ should be set to ‘Footing’ as we are
modifying the footing property. The “Thickness’ value should be set to the same
value as the one which is used while creating the model. Since the thickness of the
footing is 500mm, this value is entered in the text field corresponding to
‘Thickness’. As footinos are modelled as thick bplates. check the ‘Thick Plate’



option. The ‘Orthotropic’ check box is selected when a footing with irregular
dimension is to be used.

When you press ‘OK’, the ‘Slab Property Data’ window will be exited and the
‘Slab Properties’ window in Fig. 11 gets activated. Now, the property of the
foundation column will be modified. To do this, highlight ‘STIFF’ in the ‘Slab
Property’ box and click on the ‘Modify/Slab Property...” button. The following
window appears after the click.

’ﬁﬂ Slab Property Data |M‘
General Data
Property Name STIFF
Slab Material [c2s ][
Display Color - 'Tge.,,J
Property Notes [ Modify/Show... ]

Analysis Property Data

Type Siiff -
Thickness 500 mm
[¥] Thick Plate [] Orthotropic

OK Cancel
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The ‘Property Name’ will be automatically assigned to ‘STIFF’. The ‘Slab
Material’ should be set to the concrete grade which is defined in step 2. Since the
name of the concrete material defined in step 2 for this particular problem is ‘C25’,
a material with this name should be selected from the list.

In the ‘Analysis Property Data’ box, “Type’ should be set to ‘Stiff’ as we are
modifying the footing property. The “Thickness’ value should be set to the same
value as the thickness of the footing which is 500mm, this value is entered in the
text field corresponding to “Thickness’. As foundation columns are modelled as
thick plates, check the ‘Thick Plate’ option. The ‘Orthotropic’ check box is
selected when a column with irregular dimension is to be used.



When you press ‘OK’, the ‘Slab Property Data’ window will be exited and the
‘Slab Properties’ window in Fig. 122 gets activated. Again press ‘OK’ and exit the
window for defining the footing and foundation column.

STEP 4: Defining Load Patterns, Load Cases and Load Combinations

The loads on the foundation should be defined accordingly before the analysis.
First, the load pattern should be defined. This can be done from the ‘Define’ menu
or from the ‘Model Explorer’. This time, we will do it from the model explorer.
In the model explorer, expand ‘Load Definitions’ and you will see ‘Load
Patterns’. When you expand ‘Load Patterns’, you will see ‘DEAD’ and ‘LIVE’.
At the end, the model explorer appears to look like:

=

:54 Model Explorer
i p 5

Maodel | Display | Detaing‘
£l Model Defintions
EI--- Coordinate Systems
I;:I--- Property Definitions
: Iil--- Matenials
Iil-»- Slab Properties
.. Beam Froperties

Iil--- Reinforcing Bar Sizes
Tendon Properties

---- Column Properties

- Wall Properbes

- Soil Subgrade Properties
- Pgint Spring Properties

[ o [

- Line Spnng Properbes
L:?ad Definions
EI-»- Load Patterns

Iil-»- Load Cases
‘.. Load Combinations
- Groups
- Objects
[ Area Objects (Slab, Wall, Ramp, Null
----- Line Objects (Beam, Column, Brace, Null)
Tendon Objects
. Slab Rebar Objects
[+ Design Strp Objects
[+ Paint Objects
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Now, right click on ‘Load Patterns’ and click on ‘New Load Pattern’ and the
following window pops up.



354 Load Patterns

Pl X

Load Pattems Click To
Sef Weight 5 Add Load Pattem
Load Type Mukiplier Notes Ii e
meo— LB | [ Dot Pt
LIVE LIVE 0.

—

Note: Double click cell in the Notes column to expand it
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In the ‘Load Patterns’ window, two load patterns are already defined: ‘DEAD’
and ‘LIVE’. The ‘Type’ of the ‘Load’ should also be changed accordingly. There
are many options for type of loading. The “Type’ for dead loads should be set to
‘DEAD’ and for live loads ‘LIVE’. If there are other types of load patterns on the
foundation such as earth quake load, you can add the load pattern with the ‘Add
Load Pattern’ button. You can also delete any undesirable load pattern using the
‘Delete Load Pattern’ button. Since in this example, we have only dead and live
loads, we will leave the existing load patterns as they are. The ‘Self Weight
Multiplier’ value should also be changed accordingly. This value imparts the option
whether to include or leave the self-weight of the foundation in addition to external
loads. If the self-weight of the foundation is already included as an external dead
load or if you want to exclude the effect of self-weight from the analysis, the value
under ‘Self Weight Multiplier’ should be set to zero. In this example, we will
consider the self-weight as an additional load to the external dead load. Thus, the
value under ‘Self Weight Multiplier’ for the ‘DEAD’ load is one. For the ‘LIVE’
load, it will be zero. Press ‘OK’ and the window will be exited.

Atfter this, the load cases will be defined. Load cases are used to dictate the way the
loads are applied (statically or dynamically) or the way the structure responds
(linearly or non-linearly) for the defined load patterns. To define a load case, go to
‘Define’ menu and click on ‘Load Cases...”. The following window will pop up
after the click.



384 Load Cases [M

Load Cases Click to:
Load Case Name Load Case Type ( Add New Case... ]
Do oo [T —
= i [ Modiy/Show Case... ]

B Delete Case
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The load patterns which were defined eatlier will automatically appear in the list of
‘Load Case Name’ of the ‘Load Cases’ window. The ‘Load Case Type’ column
shows the way in which each load pattern will be applied during analysis. If you
want to modify this, highlight the load pattern for which you are going to change
the load case type and click on the ‘Modify/Show Case...” button. If you click
this button, the following window will appear. In this window, you can change the
way the load is applied from the ‘Load Case Type’ box. The way the structure
responds can also be selected from the ‘Analysis Type’ box. This problem ‘Static’
is for the ‘Load Case Type’ and ‘Linear’ is selected for the ‘Analysis Type’ since
the load is static and the foundation responds linearly. The scale factor for the dead
load in the ‘Loads Applied’ box will be left as one. Press ‘OK’ and exit the window.

The load case type for the live load should also be ‘Linear Static’. Otherwise, it
should be changed by clicking the ‘Modify/Show Case...” button to linear static
case. If both the load case types are as desired click ‘OK’ and exit the ‘Load Cases’
window.
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Definition of the load combinations will be the next step. Two load combinations
will be considered in this example for ultimate limit state and serviceability limit
state. To define load combinations, go to ‘Define’ menu and click on ‘Load
Combinations...” and the following window pops up.

ia Load Combinations &lﬁ

Combinations Click to:

( Add New Combo... |

B [ Add Default Design Combos... |

ok | [ Cancel |

Figure 129



New load combinations will be added through the ‘Add New Combeo...’ button.
Here, two load combinations will be added; one for the ultimate limit state the other
for the serviceability limit state. When the ‘Add New Combo...” button is clicked,
the following window appears.

384 Load Combination Data Iil_éj
General Data
Load Combination Name COMB1
Combination Type [ Linear Add "]
Notes { Modify/Show Notes... ]
Auto Combination No
Define Combination of Load Case/Combao Results
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In the ‘Load Combination Data’ window, any name can be given for the load
combination. The ‘Combination Type’ should be set to ‘Linear Add’ as the
component loads (dead and live) will be added linearly. However, there are also
other options from the drop down menu in front of ‘Combination Type’. In the
window shown in Fig. 130, the two loads (dead and live) should be activated below
the ‘Load Name’ column of the ‘Define Combination of Load Case/Combo
Results’ box. The values in the ‘Scale Factor’ column correspond to the partial
safety factors for load for the failure mode under consideration. These partial safety
factors are specified in the design code of your country. In the design code of my
country, the partial safety factor for dead loads for ultimate limit sate case is 1.3 for
the cases where there are only dead and live loads. For such load patterns, the partial
safety factor for live loads for ultimate limit state case is 1.6. In this particular
problem, the loads are already factored and for convenience, they are defined as



live loads. The only un-factored load is the self-weight which will be considered as
dead load. The self-weight is considered as a dead load while defining the load
patterns by making the self-weight multiplier to be equal to one. Thus, enter a value
of 1.3 in front of ‘DEAD’ and 1 in front of ‘LIVE’ in ‘Scale Factor’ column. The
failure condition which is being under consideration can be defined by selecting
and deselecting the check boxes in the ‘Design Selection’ box. Since the above
scale factors are for the ultimate limit state, check on ‘Strength (Ultimate)’.

STEP 6: Drawing Actual Column Dimensions and Design Strips

The column shape and dimensions can be changed at this stage. The column is
shown at the center of the plan view in Fig.118 with somewhat darker color. Since
a single column dimension is entered and since, in this problem, there are two types
of column sizes, the column dimensions should be revised. The dimension of the
second column should be adjusted to 350X350mm.

To change the dimensions of the second column, the existing column should be
deleted and another column with the right dimension should be drawn. So, carefully
select the second column. At the bottom left corner of the window, it should
display, ‘1 Areas, 4 Edges selected’. Otherwise, you should press the ‘Esc’ key
and select again. Once, the column is selected, delete it using the ‘Delete’ key.

To draw a new column of actual dimensions, go to the ‘Draw’ menu and click on
‘Quick Draw Slabs/Areas Around Points’ or simply click on the equivalent icon

0] from the left hand side toolbar. After the click, the following window will be

displayed.
Ejj Quick Draw Areas Around Points I ? -EE-J
Type of Object Slab
Shape of Object Rectangular Slab
Property STIFF
X Dimension [m] 0.35
Y Dimension [m] 0.35
Trim At Slab Edges Yes
Figure 131

In this window, the ‘Shape of Object’ should be ‘Rectangular Slab’ and set the
‘Property’ to ‘STIFF’ as we will be drawing a foundation column. The dimension
of the column are 0.35m in both x-direction and y-directions. Thus, set the X
Dimension [m]’ and Y Dimension [m]’ values to 0.35. With great care, move



the cursor to the center of the second column and when you see a small red cross,
make one left click and close the ‘Quick Draw Areas Around Points’ window.

Design strips determine the way in which different quantities related to the
reinforcement calculation are calculated. Forces are integrated across the design
strips. Thus, the larger the width of coverage of the design strips within the given
structure, the higher will be the calculated values of the bending moments and shear
forces. Thus, an optimum width of strip is required compromising the safety and
economical requirements. The width of the design strip will be specified in the
design code. According to the code of my country, the width of column strips for
combined foundations should extend up to a distance of 0.5 times the depth from
the face of the support in the direction of the line connecting the two columns (x-
direction). The area between the column strips in y-direction should be covered
with middle strips. In the transverse direction (x-direction), the whole length should
be covered with a column strip. These design strips in X and Y direction are usually
defined in SAFE software as layer A and layer B. Thus, the column strip at the first
column in y-direction will have the following dimensions when the strip is drawn
from bottom to top: ‘Start Width Left [m]’ = 0.15m, ‘Start Width Right [m]” =
0.15+0.5/2=0.40m, ‘End Width Left [m]’ = 0.15m, ‘End Width Right [m]’ =
0.15+0.5/2=0.40m.

For combined footings, the existing design strips drawn by the program itself can
be used. You can display the design strips by setting the display options by clicking
on ‘Set Display Options...” from the ‘View’ menu or by simultaneously clicking
on ‘Ctrl’ and ‘W’ keys or by just clicking on the set display options icon ¥ from
the tool bar below the menu bar. This results in the following window:
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Then, check on ‘Labels’, ‘Show Width’ and ‘Show Stations’ in the ‘Design Strip
Objects’ box and check both ‘Design Strip Layer A’ and ‘Design Strip Layer B’
and press ‘OK’ and the following window appears displaying the design strips in

the two directions.

Figure 133



STEP 7: Assigning Slab Data, Support Data and Load Data

The slab data, support data, and load data which are defined in the previous steps
should be assigned to the corresponding structural component. The way to do this
is first to select the component and next to assign the slab property, support
property or loads accordingly. The selection can be done by clicking on the
component from the plan view or through the ‘Select’” menu. The latter option
assures that the component is selected exactly as selection by clicking may result in
incorrect selection. Thus, all the selections here will be done from the ‘Select’
menu. The assignments will be discussed as follows:

f. Assigning slab data to the footing
Select the footing through the following strings of commands
‘Select’>’Select’>"Properties’’Slab Properties...”. Then select ‘Footing’ and
press ‘OK’. Then assign the footing property through the following strings of
commands ‘Assign’>’Slab Data’>"Properties...". Then select FOOTING’ and
press ‘OK’.

g Assigning slab data to the foundation columm
Select the foundation column through the following strings of commands
‘Select’>’Select’>"Properties’’Slab Properties...”. Then select ‘Stiff’ and press
‘OK’. Then assign the footing property through the following strings of commands
‘Assign’>’Slab Data’>"Properties...". Then select ‘STIFF’ and press ‘OK’.

h.  Assigning support data to the footing
Select the footing through the following strings of commands
‘Select’>’Select’>"Properties’>’Slab Properties...”. Then select ‘Footing’ and
press ‘OK’. Then assign the footing property through the following strings of
commands ‘Assign’>’Support Data’>’Soil Properties...”. Then select ‘SOIL’
and press ‘OK..

7. Assigning reinforcement data to the design strips
Select each design strip through the following strings of commands
‘Select’>’Select’>’Properties’>Design Strip Layers...”. Then select ‘A’ or ‘B’
(one at a time) and press ‘OK’. When you right click on the selected strip layer, the
‘Slab-Type Area Object Information’ window pops up. In the ‘Design’ tab of
this window, set the ‘Rebar Material’ to ‘S300” and press ‘OK’. Do this for both
strips.

. Assigning load on the foundation column



The loads are already assigned on the foundation column. However the dimension
of the second column should be modified. To do this, right click at the center of
the second column. In the ‘Loads’ tab of the appearing window, click on ‘Assign
Loads’ button then select ‘Force Loads’ then press ‘OK.

- 8
389 Point Object Information |M
Point Object Name 14
Assignments I Geometry “ Loads | Design |
Load Pattem LIVE [ Assign Load... |
Point Loads _
Force in Gravity Dir (Global 2) §N) [ 1000 [ Resetml |
Load Size X Dimension {mm) 350
Load Size Y Dimension {mm) 350
[ ok |
| Cancel |
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Then select ‘LIVE’, enter its value accordingly and in the right direction (axis), then
select ‘Replace to Existing Loads’ and press ‘OK’. While doing this, the
foundation column dimensions should be entered in the ‘Size of Load for
Punching Shear’ box of ‘Point Loads’ window. In this example, since the live
load is 1000kN for the second column, this should be entered in the Gravity
Direction and the values of ‘Load Size in X Dimension (mm)’ and ‘Load Size
in Y Dimension (mm)’ should both be set to 350.



STEP 8: Running the Analysis

After this, the analysis can be run. But, make sure that the footing and the
foundation column are assigned with the correct rebar material. To do this, right

click anywhere in the plan view of the footing and the ‘Slab-Type Area Object
Information’ window will pop-up.

e B
324 Slab-Type Area Object Information IM

Area Object Name FOOTING

| Assignments I Geometry ] Loads ; Design

Design This Slab Yes

Ignore PT for Design No
Rebar Material S300 m
Slab Cover Source Design Preferences

Reduced Live Load Factor 1

QK
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In the ‘Design’ tab of this window, set the value of ‘Rebar Material’ to ‘S300’.
Do this for the column foundation, and both design strips as well. After this, go to
the ‘Run’ menu and click on the ‘Run Analysis & Design’ command or simply
click on the ‘F5’ key. When you do this, you will be prompted to save the model, if
you haven’t already don this. When you save the model, the following window
showing the displacement of the soil in a banded figure will be displayed.

STEP 9: Displaying the Output

After the analysis is run the following output will be displayed on the plan view
window.
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Figure 136

To display the punching shear ratio, go to the ‘Display’ menu and click on ‘Show

Punching Shear Design’. After this, the punching shear ratio will be displayed in
the plan view around the foundation column as in the following figure.
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As can be noticed from the figure, the punching shear ratio is 1.5443 for the first
column and 0.9814 for the second column. Generally, a punching shear ratio less
than one indicates the concrete thickness is adequate to resist punching shear and
a value greater than one indicates that the punching shear capacity is exceeded
somewhere along the critical section. For economical design, it is recommended to
keep the punching shear ratio between 0.95 and 1 as very small values of punching
shear ratio means excess concrete thickness is used. However, if the punching shear
ratio is greater than one, the thickness of the concrete should be increased and the



foundation should be re-designed. In this problem, since the punching shear ratio
at column 1 is greater than one, the footing depth should be revised. However,
since this is just an illustration of how to design foundations with SAFE, we will
proceed as if the depth of the footing was adequate for punching shear. A detailed
quantitative description of the foundation design can also be obtained by right
clicking on the plan view shown in Fig 137 as shown below. Several trial may be
made by zooming in and out to get the quantitative description.

Vﬁj Design Details {M

Combination BS 8110-1997 Punching Shear Check & Design =

[coms1 |

kems to Display Geometric Properties

V| Geometnic Properties Combination = COMB1
| Column Perimeter Figure Point Label = 13

Column Shape = Rectangular
2 Colin Funching Ched Column Location = Edge
Global X-Coordinate =0 m
Global Y-Coordinate =0 m

Load Punching Check
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Reinforcement Ratic = 0.0016

Section Width x-22 = 945.1 mm

Section Width x-32 = 1580 mm

Shear Force = -461.603 kN Column Punching Perimeter
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Max Design Shear Stress = 0.548989 N/mm2

Conc. Shear Stress Capacity = 0 355503 N/mm?2

Punching Shear Ratio = 1.54
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Through the ‘Display’ menu, relevant quantities can be displayed on the screen.
For instance, the ‘Display’>’Show Strip Forces’ command or by simply clicking
the ‘F8’ key, the following window will be displayed.
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In this window, the ‘Load Case/Load Combination’ box provides with radio
buttons to select for which particular load case or load combination that we want
to display the output. The ‘Component’ box contains four radio buttons to select
which quantity to display. The ‘Show Forces For These Strip Layers’ box allows
us to select the strip layer for which the quantity is displayed. Both strip layers can
be selected at the same time. From the ‘Scaling’ box, we can select whether
automatic scaling or user defined scaling is used while displaying the diagram. The
‘Display Options’ box allows us to fill or not to fill the diagram and to display or
not to display the values on the diagram. For the preferences shown in Fig. 30, the
following diagram will be displayed.



Figure 140

The ‘Display’>’Show Slab Design...” command results in the window shown in
Fig 141. In this window, several options can be set in order to display the footing
design in the way we wanted to. The ‘Choose Display Type’ box allows us to
select the ‘Design Basis’ between ‘Strip Based’ and ‘Finite Element Based’.
Unless some differences in the way the design is displayed, there is no difference in
the amount of reinforcement between these selections. Through the ‘Display
Type’ in the same box, it can be selected whether to display flexural reinforcement
or shear reinforcement. This box also allows us to impose or not to impose
minimum reinforcement during the design. The ‘Rebar Location Shown’ box
allows us to select which reinforcement, top or bottom or both, to be displayed.
The ‘Reinforcing Display Type’ box allows us to set the manner in which the
amount of reinforcement is displayed. The option whether to show the reinforcing
envelop diagram and the reinforcing extent can be set by the check boxes in the
‘Reinforcing Diagram’ window. The strip layer direction for which the amount
of reinforcement is displayed can be chosen from the ‘Choose Strip Direction’
box. The ‘Display Options’ box allows us whether to display output in filled
diagram or not and whether the values at controlling stations will be displayed or
not. If we want to display the amount of reinforcement above some specified
reinforcement bar area or spacing, we can use the options in the ‘Show Rebar
Above Specified Value’ box. When the ‘Typical Uniform Reinforcing
Specified Below’ radio button is selected, the “Typical Uniform Reinforcing’
box get activated. In this box, we can set a specific value above which the
reinforcement amount will be displayed. The reinforcement diagram output, for the
options set in Fig. 141, will be shown below in fig. 142.
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As can be noticed from the footing design diagram in fig. 142, the top
reinforcement across strip layer A is 1834mm?/m and Omm?®/m for bottom
reinforcement at the location indicated by the vertical line.

The design outputs can also be displayed in tabular format by clicking on the ‘Show
Tables...” menu item from the ‘Display’ menu or by just clicking on the equivalent

icon E from the tool bar below the menu bar and the following window will

pop up.
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In this window, we can select any of the model definitions or analysis results or
design results and press ‘OK’ to display the quantity which we want to have a look
at. By using the right hand side buttons in the window, the load patterns and the
load cases can be selected.

STEP 10: Detailing

After running the analysis and after checking that the results are reasonable, the
detailing will be done. However, before running the detailing, the detailing
preferences can be set from the ‘Detailing’ menu. From the ‘Detailing
Preferences...’, the likes of dimensional units and material quantity units can be
selected. From ‘Slab/Mat Detailing Preferences...’, the likes of rebar
curtailment options, the rebar detailing options, rebar selection rules and preferred



rebar sizes can be selected. The ‘Drawing Sheet Set-up...” menu allows us to set-
up the contents of the drawing sheet. The ‘Drawing Format Properties...” allows
us to set some formats in which the output displayed.

To run the detailing, go to ‘Run’ menu and click on ‘Run Detailing...” or
simultaneously press ‘Shift’ and ‘F5’ keys or just click on the run detailing icon
P- from the tool bar just below the menu bar. Then, the ‘Run Detailing
Options’ window pops up so that we set the detailing options. Set the detailing

options which you want and click ‘OK’.

Once the detailing is run, the detailing can be displayed. The detailing display
options can be best accessed from the ‘Model Explorer’. When expanded in full,
the ‘Detailing’ tab of the model explorer looks like:
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By clicking on any of the options from the detailing tab, a desired detailing can be
displayed. For instance, by double clicking on the ‘Footing Table’, the following
detail of footing can be shown.

FOOTINGS TABLE
SR.MO.  |TYPE HOS LX LY T REBARS-A REBARS-B
1 F1 1 5.800 M 2,500 M 0.500 M 15-10 13.10

T
17
A 4

BarsA

e Bars-B | T
.

Figure 145

In this detail, the diameter of the reinforcement which is used is 10mm. If you want
to change the diameter....

Apart from this detail, other details can also be shown.

STEP 11: Reporting

The last step of foundation design is reporting. Before creating the report, the
report preferences should be set up. To do this, go to the ‘File’ menu and click on
‘Report Set-up...” and the following window pops up.

In this ‘Report Setup Data’ window, the user preferences regarding the reporting
such as the report output type, the report page orientation and the report items can
be set along with the load patterns and load combinations. Once the preference is
set, the report can be created by clicking on ‘Create Report’ command in the ‘File’
menu. The ‘Advanced Report Writer’ command in the same menu can be used to
set some advanced reporting formats.
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This concludes the tutorial for the design of single footing using the built-in model.



3.2. Using Grids

Design a trapezoidal combined footing shown in the figure below

| =N
Dl

4. Column 2:
5 7 400mmX400mm 1.7
e DL = 380kN hii
Column 1: LL = 100kN
600mmX600mm
DL = 439kN e

LL = 125kN

* Ultimate bearing capacity of the soil : 100kPa
*  Allowable settlement of the soil : 10mm
*  Grade of concrete: C-30 (30MPa 28-day characteristics cube strength)

*  Grade of reinforcement bar (rebar): S-400 (400MPa characteristics yield
strength)

*  Ouverall thickness of the foundation: 600mm
*  Concrete cover : 50mm

STEP 1: Creating the Model
To create a footing model by using a grid, there are three ways. Go to ‘File’ menu

and click on ‘New Model ...’ or just click on the icon D . This icon is the first
among the list of icons just below the menu bar or simply click on the ‘Ctr]’ and
‘N’ keys simultaneously (Ctrl+N).

Performing one of the above three ways results in the popping-up of the
following ‘New Model Initialization’ window.

This window consists of two parts: the ‘Design Data’ part and the ‘Initial Model’
part. In the ‘Design Data’; there are ‘Design Code’, ‘Design Preferences’,
‘Project Information’ and ‘Units’.

The ‘Design Code’ consists of a list of selected design codes from many counttries.
Depending on the suitability of the code for your country, you may select one
among the list of codes. The design code which follows similar design philosophy
to my country code is BS 8110-1997. So, this design code is selected.



After selecting the design code, it is better to first select the units to be used in the
design and analysis process. These units can be selected by clicking on the
‘Modify/Show’ button in front of ‘Units’. The following window pops up when
the button is clicked. To choose metric units, click on ‘Metric Defaults’ button.
The click results in metric units for best practices to be selected. It can be observed
that, even though all the units are metric, they are not consistent. To select a
preferred consistent unit, click on the ‘Consistent Units’ button. In this ‘Units’
window, the decimal places and minimum number of significant digits for any
quantity can also be modified.

159 New Model Initialization 2] X|
Design Data
Design Code BS 8110-1997 |
Design Preferences Modify/Show... I
Project Information Modify/Show... |
Units (Currently Metric) Modify/Show... I
7~ Initial Model
Blank Flat Slab Flat Slab Two Way Slab ~ Base Mat
Perimeter
Beams

Grid Only Waffle Slab  Ribbed Slab  Single Footing  Combined
Footing
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By clicking on the ‘Modify/Show’ button in front of the ‘Project Information’,
information regarding the project, the company and the model can be entered.

By clicking on the ‘Modify/Show’ button in front of the ‘Design Preferences’,
the user preferences regarding the design code, concrete cover for slabs and beams,
post-tensioning can be changed. The following ‘Design Preferences’ window
pops-up when the button is clicked. The ‘Min. Cover Slabs’ tab of the window



may be of interest for this particular problem as footings will be modelled as slabs.
Thus, click on this tab. This is the tab where the concrete cover and preferred rebar
size will be entered.

154 Units l]l]

File

Quick Units

U.S. Defaults Metric Defaults ‘ Consistent Units... |

Units
Item Units Units Label Decimal Min. Sig. Zero Always Use ﬂ
Places Figures Tolerance E Format
Structure

Coordinates KN, m, C m 5 2 1.0000E-20 No
Absolute Distence __KN.m,C | m | 5 2 |_1.0000E-20 | No
Relative Distance \ 4 2 | 1.0000E-20 | No
Angles | 3 2 1.0000E-20 No
Length KN, mm, C mm | 3 2 |_1.0000E-20 | No

Area KN, mm, C mm2 | 2 2 1.0000E-20 No
Length4 KN, mm, C mm4 | 2 2 10000E20 |  No
Rebar Area KN, mm, C mm2 | 3 2 1.0000E-20 No
Rebar Area/Length mm2/m mm2/m 3 2 1.0000E-20 No
Translational Displ KN, mm, C mm 6 2 1.0000E-20 No
Rotatonal Displ | 6 | 2 | 10000E20 | No

Forces ] | J

Force KN, m, C kN | 3 2 1.0000E-20 No
Force/Length KN, m, C kN/m \ 2 2 |_1.0000E-20 | No
Force/Area KN, m,C kN/m2 2 2 |_1.0000E-20 | No
Moment KN, m, C kN-m 4 2 1.0000E-20 No
Mnment/l eanath KN m kN-m/m 4 2 1 0NNNF-20 Nn :J

OK Cancel

Figure 148

In the ‘Min. Cover Slabs’ tab, for ‘Non-Prestressed Reinforcement’ , both the
‘Clear Cover Top’ and ‘Clear Cover Bottom’ should be set to 50mm as the
concrete cover in this design problem stated to be 50mm. The ‘Preferred Bar Size’
can be set to any reasonable value. Here, the ‘Preferred Bar Size’ is set to 20 which
is the diameter of the rebar in mm which will be used as the main reinforcement in
the foundation. Leave the rest at they are.



i Design Preferences 2| X
i 2]

Code Min CoverSlabs | Min CoverBeams | P/T Stress Check |

Non-Prestressed Reinforcement

Clear Cover Top (mm) 50
Clear Cover Bottom (mm) 50
Preferred Bar Size 20
Inner Slab Rebar Layer Layer B

Post-Tensioning
CGS of Tendon Top (mm) 25
CGS of Tendon for Bottom of Exterior Bay (mm) |40
CGS of Tendon for Bottom of Interior Bay (mm) |25

Minimum Reinforcing

Slab Type for Minimum Reinforcing Two Way Z]
Reset Tab Defaults |
OK Cancel
Figure 149

Once everything is set correctly in the ‘Design Data’ box, go to the ‘Initial Model’
box and select the suitable model. Since an isolated (single) footing will be designed
from grids click on the big square button just above ‘Grid Only’. The button itself
shows crossing grids. When the button is clicked, the following ‘Coordinate
System Definition’ window, shown in fig. 150, will pop up.

The footing in this example is trapezoidal with two columns. The grids which will
be created will be boundaries of the outer edges of the footing and the outer edges
of the foundation column. As a result, there is uneven spacing between the grids
and there will be slanting grids. To create such slanting grids with uneven spacing,
itis better to create it by clicking the ‘Edit Grid’ button. When you click this button,
a ‘Coordinate System’ window will pop up. In the ‘Display Grid Data as’ box,
two radio buttons are there to choose between ‘Ordinate’ and ‘Spacing’. These
are the options how the location of different grids is defined. If the ‘Ordinate’
option is selected, the X and Y-coordinates of the grids will be entered. If the
‘Spacing’ option is selected, the spacing between the grids will be selected. If the
grids are irregular in shape with non-vertical and non-horizontal grids, they can be
defined in the ‘General Grid Data’ box by entering the XY coordinates of the
starting and ending points of the grids. Regular grids can also be defined by this
option too. For this particular example, we will use the ‘General Grid Data’ box.
To use this ‘General Grid Data’ box, first delete the existing coordinates from X



Grid Data’ and Y Grid Data’ by clicking on the left hand side arrow and pressing
the ‘Delete’ key.

189 Coordinate System Deﬁnnim“.@ﬂ_-J

Coord System GLOBAL

@ Cartesian () Cylindrical

Number of Grid Lines
X Direction

Y Direction

Grid Spacing
X Direction

Y Direction

Grid Labels... Edit Grid. ..
Cox )

Figure 150

In this example, the values which will be entered are shown in the coordinates of
the starting point (X1, Y1) and the coordinates of the ending point (X2, Y2) for all
the grid lines in the following table. Here, the bottom left corner of the footing will
be considered as the origin of the coordinate system.

Grid [ X1 Y1 |X2]Y2 Description

ID.

1 0 |0 5 |1 Bottom edge

2 0 [1.55 |5 |1.55]| Bottom grid for columnl
3 0 [215|5 |2.15]| Top grid for columnl

4 0 [37 |5 |27 |Topedge

5 0 |1.65]5 |1.65] Bottom grid for column2
6 0 [2.05|5 |2.05|Top grid for column 2

A 0 |0 0 |3.7 | Leftedge

B 060 0.6 | 3.7 | Right grid for columnl
C 4610 4.6 | 3.7 | Left grid for column?2

D 5 |0 5 |3.7 |Right edge




ria Coordinate System m

Edit

Coordinate System Name Display Grid Data as
[GLoBAL \ © Ordinates © Spacing
XGrid Data B
Grid ID X Ordinate (m) Visibility Bubble Loc @i

Options
[7] Hide All Grd Lines
Y Grid Data Bubble Size 500 mm
Gid ID Y Ordinate m) Visbilty Bubble Loc i GidCoor [
[ | I I
( Reorder Ordinates ]
Model Datum 0 m
Story Height Above 2 m
Story Height Below 0 m
General Grid Data
| GAdID X1 fm) Y1 fm) X2 {m) Y2 {m) Visibiliy Bubbleloc  ~
1 0 0 5 1 Show End ‘s
2 0 155 5 155 Show End -
3 0 215 5 215 Show End
4 0 37 5 27 Show End
A n n n k- b | Chamue f= %
Figure 151

The ‘Model Datum’ is the level of the model in z-direction. Any value can be set
to this. Set the ‘Story Height Above’ value to some reasonable non zero value, say
2, and set the ‘Story Height Below’ to 0 as there will be no story below the footing.
Then press ‘OK’ and the grids will be displayed on the ‘Plan View’ window as

below:



Figure 152
STEP 2: Defining Material Properties

The materials which are involved in the design of the footing should be defined
before the analysis. These materials are the concrete, the reinforcement bar (rebar)
and the soil support. Thus, these properties will be defined here.

The material definition can be carried out in two ways.

The first one is through the ‘Define’ menu in the menu bar. The other one through
the model explorer on the left hand side of the home window. To define material
properties through the former method, click on ‘Define’ menu and again click on
‘Materials...

>

resulting in the following window depending on prior material
definitions.

The list in the ‘Materials’ box may not be exactly as it appears in your widow.
However, that doesn’t bring any change in the outcome of the design process as
you can customize this list any time.

The ‘Add New Material Quick...” button allows you to define materials quickly
from a list of pre-defined materials. The ‘Add New Material’ button allows you
to define materials by changing their properties. The ‘Add Copy of Material’
button allows you to define a material with same property as an already defined
matetial. The ‘Modify /Show Material’ button displays the property of an already
defined material with the possibility of modification. The ‘Delete Material’ button,
when active, deletes a defined material property.



' 154 Materials 2| X|
Materials Click to:
sl Add New Material Quick . |
RN Add New Material [
Add Copy of Material._ ]
Modify/Show Material._ |
OK
Figure 153

For this particular problem, we will modify the existing ‘C30’ concrete using the
‘Modify/Show Material’ button and define a new rebar property through the
‘Add New Material’ button.

Highlight ‘C30” in the ‘Materials’ box and click on the ‘Modify/Show Material’
button. This can also be achieved by right clicking on ‘Materials’ on the model
explorer. The following window will pop up.

This is the window where concrete properties will be modified. Put any name for
the material in the text field in front of ‘Material Name’. But, it is important to
make sure that the concrete with the defined material name is assigned for the
footing. For this particular problem, let us keep the name of the concrete as ‘C30’.
Since we are defining a concrete, the ‘Material Type’ should be set to ‘Concrete’.

The unit weight of reinforced concrete may vary depending of the design code of
your country. Thus, enter the unit weight of reinforced concrete stipulated in your
country code in the text field in front of ‘Weight per Unit Volume’. For this
particular example, we will use 25kN/m”.



154 Material Property Data (2] X]

General Data

Material Name [c30

Material Type IConcrete Ll
Material Display Color Change. .. |
Material Notes Modify/Show Notes... |

~ Material Weight

Weight per Unit Volume 5 kwms
Isotropic Property Data

Modulus of Elasticity, E 32000 N/mm2

Poisson's Ratio, U W

Coefficient of Thermal Expansion, A 10E-06 1/C

Shear Modulus, G 13333.33333 N/mm2

Other Properties for Concrete Materials
Concrete Cube Compressive Strength, fcu 30 N/mm2

I" Lightweight Concrete

—

OK Cancel
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For C-30 concrete, the modulus of elasticity according to BS 8110-1197 is around
32GPa. Thus, enter this value in the text field in front of ‘Modulus of Elasticity,
E’. If you selected another design code in step 1 while creating the model, you
should refer to actual value of this parameter from the code and enter it accordingly.
Be aware of the units though.

The values of Poisson’s ratio and coefficient of thermal expansion may also be
defined in the desigh code and should be entered accordingly. For this particular
problem, a value of 0.2 for ‘Poisson’s Ratio, U’ and a value of 10x10°/°C for
‘Coefficient of Thermal Expansion, A’ will be entered. The ‘Shear Modulus, G’
will be automatically calculated in an un-editable text field.

The grade of concrete for this particular problem is C-30. C-30 is a concrete with
28 day characteristics cube compressive strength of 30MPa. The concrete
designation may be different for different country codes but the concept is the



same. Therefore, enter 30 in the text field in front of ‘Concrete Cube
Compressive Strength, fcu’.

If a lightweight concrete is used, check on ‘Lightweight Concrete’ and enter the
corresponding ‘Shear Strength Reduction Factor’ in the space provided.

When you press on ‘OK’, a concrete material with the above properties will be
added to the list of materials. This material will be assigned for the footing before
the analysis.

After modifying the concrete property, the program returns to the window shown
in Fig. 44. To define a rebar property, we will follow the same procedure as we
followed while defining the concrete property. Since a new rebar property will be
defined, click on the ‘Add New Material...” button. A ‘Material Property Data’
window pops up and when you change the ‘Material Type’ to ‘Rebar’, the window
appears to look like the following.

154 Material Property Data ?| X
i 21

General Data

Material Name |S400

Material Type IRebar L‘
Material Display Color l Change... |
Material Notes Modify/Show Notes_ |

Material Weight

Weight per Unit Volume |77.0085 kN/m3

“Uniaxial Property Data

Modulus of Elasticity, E 200000 N/mm2

Other Properties for Rebar Materials

Minimum Yield Stress, Fy l400 N/mm2

Minimum Tensile Stress, Fu |400 N/mm2

OK I Cancel

Figure 155



Change the ‘Material Name’ to any name you want. Here, we name it ‘S400’. The
material type should be ‘Rebar’. The weight per unit volume of steel is stipulated
in the design code. For BS 8110-1197, the weight per unit volume is 77.0085kN /m”.
Thus, enter this value in the text field in front of ‘Weight per Unit Volume’. The
modulus of elasticity for reinforcement bars according to the same design code is
200GPa. Thus enter this value in the text field in front of ‘Modulus of Elasticity,
E’ considering the unit.

In the ‘Other Properties for Rebar Materials’ box, two quantities are mentioned:
minimum yield stress and minimum tensile stress for the reinforcing material. The
values of these parameters will be specified in the design code which you defined
earlier. If the code assumes that the rebar material exhibits elastic perfectly plastic
behavior, the values of these two quantities will be the same. The grade of steel to
be used for this particular example is S-400. The yield stress for this type of
reinforcement bar is 400MPa. Since the design code of my country assumes that
rebars exhibit elastic perfectly plastic behavior, the minimum tensile stress will also
be 400MPa. Thus enter 400 in both text fields in front of the ‘Minimum yield
stress, Fy’ and ‘Minimum Tensile Stress, Fu’. Then press ‘OK’ in both
‘Material Property Data’ and ‘Materials’ windows concluding the material
definition step.

The other property which should be defined is the soil support. To define the soil
properties, go to the ‘Define’ menu and click on ‘Soil Subgrade Properties’ menu
item and the following window appears.

159 Soil Subgrade Properties 2] X

Soil Subgrade Property Click to:

SOIL1 | Add New Property...

Modify/Show Property...

|
Add Copy of Property... |
|
|

Delete Property

OK
_ Cancel |

Cancel

Figure 156



By using the buttons in this window, a new soil property or copy of soil property
can be added. An existing soil property can also be modified or deleted. For this
problem, let us add a new soil property by using the ‘Add New Property...’
button. Thus, click on this button and the following window pops up.

154 Soil Subgrade Property Data EdEI

General Data -

Property Name |soIL
Property Notes Modify/Show Notes... l
Property
Subgrade Modulus 1E+04 kN/m3
OK ‘ Cancel |
Figure 157

In this window, set the property name to ‘SOIL’ and change the subgrade modulus
to 10,000kN/m’. Because, the subgrade modulus which can be assume by the ratio
of the bearing capacity by the allowable settlement for this particular example is so.
Then press ‘OK’ in both the ‘Soil Subgrade Property Data’ and ‘Soil Subgrade
Properties’ windows.

STEP 3: Defining Footing and Column Properties

After defining the material properties, the footing and column properties can be
defined. This definition can take place in two ways: from the menu bar and from
the model explorer. In SAFE software, footings are modelled as ‘footings’ and
foundation columns are modelled as ‘stiff’.

To define footing and column properties from the menu bar, go to ‘Define’ menu
and click on ‘Slab Properties...”. The following window will pop up.

The ‘Add New Property...” button prompts the user to enter new properties for
the footing and foundation column while the ‘Add Copy of Property...” copies
the property of an existing slap. The ‘Modify/Show Property...” allows the user
to show the property of an existing component with the possibility of modification.
When the ‘Delete Property’ button is active, it allows the user to delete an existing
slab property.
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[~ Slab Property

[~ Click to:

Add New Property...

Figure 158

In this case, we use the ‘Add New Property...” button to add new slab properties
for the footing and foundation column. Click the button and the following window

will pop up.
'7Slib Property Data.

General Data
Property Name
Slab Material
Display Color

Property Notes

Analysis Property Data
Type

Thickness

Thick Plate

() X
FOOTING
[c0 ) (]
E—
[ Modify/Show. . |
600 mm
[T Orthotropic

Figure 159

The ‘Property Name’ can be assigned with any name; but, in this case, the property
name which will be used is FOOTING’. The ‘Slab Material’ should be set to the
concrete grade which is defined in step 2. Since the name of the concrete material



defined in step 2 for this particular problem is ‘C30°, a material with this name
should be selected from the list.

In the ‘Analysis Property Data’ box, “Type’ should be set to ‘Footing’. The
‘Thickness’ value should be set to the thickness of the footing defined in the
example. Since the thickness of the footing is 600mm, this value is entered in the
text field corresponding to “Thickness’. As footings are modelled as thick plates,
check the “Thick Plate’ option. The ‘Orthotropic’ check box is selected when a
tfooting with irregular dimension is to be used.

When you press ‘OK’, the ‘Slab Property Data’ window will be exited and the
‘Slab Properties’ window gets activated. Now, the property of the foundation
column will be added. To do this, again click on the ‘Add New Property...” button.
The following window appears after the click.

124 Slab Property Data EAE4
General Data
Property Name ISTIFF
Slab Material [c30 =]
Display Color _
Property Notes Modify/Show... ‘

Analysis Property Data

Type IStif‘f LI
Thickness 600 mm
¥ Thick Plate ™ Orthotropic

OK Cancel

Figure 160

The ‘Property Name’ can be any name but we use ‘STIFF’. The ‘Slab Material’
should be set to the concrete grade which is defined in step 2. Since the name of
the concrete material defined in step 2 for this particular problem is ‘C30’, a material
with this name should be selected from the list.



In the ‘Analysis Property Data’ box, “Type’ should be set to ‘Stiff’ as we are
defining the property of column. The ‘Thickness’ value should be equal to the
footing thickness which is 600mm. This value should be entered in the text field
corresponding to “Thickness’. As foundation columns are modelled as thick plates,
check the “Thick Plate’ option. The ‘Orthotropic’ check box is selected when a
column with irregular dimension is to be used.

When you press ‘OK’, the ‘Slab Property Data’ window will be exited and the
‘Slab Properties’ window gets activated. Again press ‘OK’ and exit the window for
defining the footing and foundation column.

STEP 4: Defining Load Patterns, Load Cases and Load Combinations

The loads on the foundation should be defined accordingly before the analysis.
First, the load pattern should be defined. This can be done from the ‘Define’ menu
or from the ‘Model Explorer’. This time, we will do it from the model explorer.
In the model explorer, expand ‘Load Definitions’ and you will see ‘Load
Patterns’. When you expand ‘Load Patterns’, you will see ‘DEAD’ and ‘LIVE’.
At the end, the model explorer appears to look like:

=

229 Model Explorer @
Model | Display | Detaifing

[=l- Madel Definions
Iil--- Coordinate Systems
I_f_l--- Property Definibons
[+ Matenals

[#- Slab Properties

=

----- Beam Propertes

[+ Reinforcing Bar Szes
----- Tendon Propertes

----- Column Properties

----- Wall Properties

[+ Sod Subgrade Propertes

+|-- Pgint Spnng Properties

=

[#- Line Spring Properties
- Load Definibons

i DEAD
Lo LIVE

#- Load Cases

----- Load Combinations

- Groups

- Objects

Fl- Area Objects (Slab, Wall, Ramp, Null)

- Line Objects (Beam, Column, Brace, Null)
----- Tendon Objects

----- Slab Rebar Objects

t-- Diesign Strip Objects

H- Point Objects




Figure 161

Now, right click on ‘Load Patterns’ and click on ‘New Load Pattern’ and the
following window pops up.

iﬂ Load Patterns ? 1&
Load Pattems Click To:
. Seff Weight Add Load Pattem

Load Type Mutiolier Notes L = = l
DEAD 1 Imcciolcuiononem)
LIVE LIVE 0

OK
Cancel

Note: Double click cell in the Notes column to expand it

Figure 162

In the ‘Load Patterns’ window, two load patterns are already defined: ‘DEAD’
and ‘LIVE’. The ‘Type’ of the ‘Load’ should also be changed accordingly. There
are many options for type of loading. The “Type’ for dead loads should be set to
‘DEAD’ and for live loads ‘LIVE’. If there are other types of load patterns on the
foundation such as earth quake load, you can add the load pattern with the ‘Add
Load Pattern’ button. You can also delete any undesirable load pattern using the
‘Delete Load Pattern’ button. Since in this example, we have only dead and live
loads, we will leave the existing load patterns as they are. The ‘Self Weight
Multiplier’ value should also be changed accordingly. This value imparts the option
whether to consider or ignore the self-weight of the foundation in addition to
external loads. If the self-weight of the foundation is already included as an external
dead load or if you want to exclude the effect of self-weight from the analysis, the
value under ‘Self Weight Multiplier’ should be set to zero. In this example, we
will consider the self-weight as an additional load to the external dead load. Thus,
the value under ‘Self Weight Multipliet’ for the ‘DEAD’ load is one. For the
‘LIVE’ load, it will be zero. Press ‘OK’ and the window will be exited.

After this, the load cases will be defined. Load cases are used to dictate the way the
loads are applied (statically or dynamically) or the way the structure responds
(linearly or non-linearly) for the defined load patterns. To define a load case, go to
‘Define’ menu and click on ‘Load Cases...”. The following window will pop up
after the click.
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Load Cases Click to:
Load Case Name Load Case Type ( Add New Case... ]
Do oo [T —
= i [ Modiy/Show Case... ]

B Delete Case

Cancel
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The load patterns which were defined eatlier will automatically appear in the list of
‘Load Case Name’ of the ‘Load Cases’ window. The ‘Load Case Type’ column
shows the way in which each load pattern will be applied during analysis. If you
want to modify this, highlight the load pattern for which you are going to change
the load case type and click on the ‘Modify/Show Case...” button. If you click
this button, the following window will appear. In this window, you can change the
way the load is applied from the ‘Load Case Type’ box. The way the structure
responds can also be selected from the ‘Analysis Type’ box. This problem ‘Static’
is for the ‘Load Case Type’ and ‘Linear’ is selected for the ‘Analysis Type’ since
the load is static and the foundation responds linearly. The scale factor for the dead
load in the ‘Loads Applied’ box will be left as one. Press ‘OK’ and exit the window.

The load case type for the live load should also be ‘Linear Static’. Otherwise, it
should be changed by clicking the ‘Modify/Show Case...” button to linear static
case. If both the load case types are as desired click ‘OK’ and exit the ‘Load Cases’
window.



389 Load Case Data - Linear Static m

Load Case Name Load Case Data Notes Load Case Type
DEAD [ Modfy/Show Notes.. | (State v] [ Desgn.. ]
Stiffness to Use Analysis Type
@ Zero Inttial Condttions - Unstressed State @ Lnear
tiffness at ) Nonlinear (Allow Uplit)
") Nonlinear (Cracked)
") Nonlnear (Long Term Cracked)
Loads Applied
Load Name Scale Factor
» [DEAD |1
* | -
[ok ] [ Cancel
Figure 164

Definition of the load combinations will be the next step. Two load combinations
will be considered in this example for ultimate limit state and serviceability limit
state. To define load combinations, go to ‘Define’ menu and click on ‘Load
Combinations...” and the following window pops up.

ia Load Combinations &lﬁ

Combinations Click to:

( Add New Combo... |

B [ Add Default Design Combos... |

ok | [ Cancel |

Figure 165



New load combinations will be added through the ‘Add New Combo...” button.
Here, two load combinations will be added; one for the ultimate limit state the other
for the serviceability limit state. When the ‘Add New Combo...” button is clicked,
the following window appears.

General Data

Load Combination Name ComB1

Combination Type [LinearAdd

Notes | Modify/Show Notes._

Auto Combination No

Define Combination of Load Case/Combo Results

\ ‘ Load Name Scale Factor
» |DEAD 1.3
LIVE 16

Design Selection
Strength (Ultimate) "] Service - Normal

"] Service - Initial "] Service - Long Term

Figure 166

In the ‘Load Combination Data’ window, any name can be given for the load
combination. The ‘Combination Type’ should be set to ‘Linear Add’ as the
component loads (dead and live) will be added linearly. However, there are also
other options from the drop down menu in front of ‘Combination Type’. In the
window shown in Fig. 1606, the two loads (dead and live) should be activated below
the ‘Load Name’ column of the ‘Define Combination of Load Case/Combo
Results’ box. The values in the ‘Scale Factor’ column correspond to the partial



safety factors for load for the failure mode under consideration. These partial safety
factors are specified in the design code of your country. In the design code of my
country, the partial safety factor for dead loads for ultimate limit sate case is 1.3 and
for serviceability limit state is 1 for the cases where there are only dead and live
loads. For such load patterns, the partial safety factor for live loads for ultimate
limit sate case is 1.6 and for serviceability limit state is 1. Thus, enter a value of 1.3
in front of ‘DEAD’ and 1.6 in front of ‘LIVE’ in ‘Scale Factor’ column. The
failure condition which is being under consideration can be defined by selecting
and deselecting the check boxes in the ‘Design Selection’ box. Since the above
scale factors are for the ultimate limit state, check on ‘Strength (Ultimate)’. The
‘Load Combination Data’ window for the serviceability limit state looks like the
following window.

[ﬁi Load Combination D

General Data

Load Combination Name COMB2

Combination Type [LinearAdd

Notes | Modify/Show Notes...

Auto Combination No

Define Combination of Load Case/Combo Results

Load Name Scale Factor
DEAD 11
LIVE (|3

Design Selection
["] strength (Ultimate) Service - Normal

[v] Service - Initial Service - Long Term

Figure 167



STEP 6: Drawing the Footing Components and Design Strips

The footing, the foundation column and a point where the loads will be applied on

the foundation column should now be drawn on the grid.

.

Vi

Drawing the footing
Since the footing will be drawn around points and since the footing is
rectangular, go to the ‘Draw’ menu and click on ‘Draw Slabs/Areas’ or

simply click on the equivalent icon L’ on the left hand side tool bar. The

following window will appear on the screen after the click.

- =
iﬁj Draw Slabs/Areas 1 i X ‘
Type of Object Slab
Property FOOTING
Edge Drawing Type Straight Line
- T
Figure 168

Making sure that the ‘Property’ is set to ‘FOOTING’, and the ‘Edge
Drawing Type’ to ‘Straight Line’, click on the grid where the four corners
of the footing will be located. Repeating the click at the first click point will
draw a trapezoidal foundation.

Drawing the foundation colummn

While the window in fig 168 is active, change the ‘Property’ to ‘STIFF’ and
click on the grid where the four corners of the foundation columns will be
located. Repeating the click at the first click for both foundation columns
will draw the foundation columns with their respective sizes. Note that, the
first column is 0.6mX0.6m while the second column is 0.4mX0.4m.
Drawing the point on the foundation column where the load will be applied

Go to ‘Draw’ menu and click on ‘Draw Points’, then click on the mid-point
of the foundation columns and the points will be created. If the cursor could
not snap to the midpoint, you can adjust the ‘Snap Options’ from the
‘Draw’ menu.

After this, the design strips will be drawn. Design strips determine the way in which

different quantities related to the reinforcement calculation are calculated. Forces

are integrated across the design strips. Thus, the larger the width of coverage of the

design strips within the given structure, the higher will be the calculated values of

the bending moments and shear forces. Thus, an optimum width of strip is required

comnbromicine the afetv and economical rearirements The width of the decion



strip will be specified in the design code. According to the code of my country, the
width of design strips for isolated foundations is 1m. Thus, a one meter design strip
will be drawn in both X and Y directions on the foundation. These design strips in
X and Y direction are usually defined in SAFE software as layer A and layer B.

To draw the design strip, go to the ‘Draw’ menu and click on ‘Design Strips’ or

simply click on the equivalent icon gf]com the left hand sided tool bar and the
following window pops up.

Type of Object Strip

Strip Layer A
Strip Design Type Column Strip
Start Width Left [m] 1.85

Start Width Right [m] 1.85
End Width Left [m] 0.85
End Width Right [m] 0.85

Figure 169

In this window, the ‘Strip Layer’ should be selected to be either ‘A’ or ‘B’. But if
‘A’ is for design strip in X direction ‘B’ should be for Y direction and vice versa.
Since we are drawing a strip around the column to consider maximum moment and
shear forces, the ‘Strip Design Type’ should be set to ‘Column Strip’. Since the
whole footing area should be covered with design strip in x-direction, the width of
the strip in x-direction will be 3.7m at the start and 1.7m at the end. Since, the
footing is symmetrical about the centerline in x-direction, the ‘Start Width Left [m]’
and ‘Start Width Right [m]” values will be 1.85 while the ‘End Width Left [m] and
‘End Width Right [m]” values will be 0.85. To draw the design strip in the X
direction, without closing the window, left click at the center of left side of the
footing on the plan view parallel to the Y axis and again left click at the center of
the parallel side and right click. This creates a design strip in X direction. In doing
so, if you can’t snap to the center of the side of the footing, you can modify the

5

snap options by clicking on the ‘Snap Options...” command from the ‘Draw’

menu and adjusting the options which you want to snap to.

The design strip in Y direction can also be drawn in a similar procedure after
changing the ‘Strip Layer’ to ‘B’. The design strips in y direction extend for a



distance of half of the depth from the face of the support for each column. Thus,
the widths of the strips for each column 1 and column 2 are shown in Fig. 170(a)
and 170(b) respectively. When you make the click to draw the strips make sure that
you click at the bottom first and then at the top for both design strips.

Type of Object Strip Type of Object Strip

Strip Layer B Strip Layer B
Strip Design Type Column Strip Strip Design Type Column Strip
Start Width Left [m] 0.3 Start Width Left [m] 05
Start Width Right [m] 0.6
End Width Left [m] 0.3

End Width Right [m] 06

Start Width Right [m] 0.2
End Width Left [m] 05
End Width Right [m] 0.2

(@) (b)
Figure 170

Middle strips should also be drawn between the column strips in y-direction
(transverse direction). To draw middle strips, change the ‘Strip Design Type’ in
the ‘Draw Design Strips’ window to ‘Middle Strip’ and enter the right values of
the widths of the middle strips to the right and to the left of the point from which
you will start drawing the strips. For this example, if we start drawing the middle
strip from x = 2.5m, the values of ‘Start Width Left [m]’, ‘Start Width Right
[m]’, ‘End Width Left [m]’ and ‘End Width Right [m]’ are 1.6,1.8,1.6 and 1.8
respectively. So, enter these values and draw the middle strip between the two
column strips.

You can display the design strips by setting the display options by clicking on ‘Set
Display Options...” from the “‘View’ menu or by simultaneously clicking on ‘Cttl’
and ‘W’ keys or by just clicking on the set display options icon ¥ from the tool
bar below the menu bar. This results in the following window:
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Then, check on ‘Labels’, ‘Show Width’ and ‘Show Stations’ in the ‘Design Strip
Objects’ box and press ‘OK’ and after drawing dimension lines by using the
command ‘Draw’>’Draw Dimension Lines’, the following window appears
displaying the design strips in the two directions.

S

Figure 172



STEP 7: Assigning Slab Data, Support Data and Load Data

The slab data, support data, and load data which are defined in the previous steps
should be assigned to the corresponding structural component. The way to do this
is first to select the component and next to assign the slab property, support
property or loads accordingly. The selection can be done by clicking on the
component from the plan view or through the ‘Select’ menu. The latter option
assures that the component is selected exactly as selection by clicking may result in
incorrect selection. Thus, all the selections here will be done from the ‘Select’
menu. The assignments will be discussed as follows:

d. Assigning support data to the footing

e.

Select the footing through the following strings of commands
‘Select’>’Select’>"Properties’’Slab Properties...”. Then select ‘TFOOTING’
and press ‘OK’. Then assign the footing property through the following strings of
commands ‘Assign’>’Support Data’>’Soil Properties...”. Then select ‘SOIL’
and press ‘OK’.

Assigning reinforcement data to the design strips

Select each design strip through the following strings of commands
‘Select’>’Select’>’Properties’>Design Strip Layers...”. Then select ‘A’ or ‘B’
(one at a time) and press ‘OK’. When you right click on the selected strip layer, the
‘Slab-Type Area Object Information’ window pops up. In the ‘Design’ tab of
this window, set the ‘Rebar Material’ to ‘S400’ and press ‘OK’. Do this for both
strips.

[ Assigning load on the foundation colunns

To assign load on the foundation columns, right click on the point at the center of
each foundation column (one at a time) and a ‘Point Object Information’ window
pops up. In this window, click on the ‘Loads’ tab.

The dead load and the live load can be assigned through the ‘Assign Load...’
button. The procedure is: click on ‘Assign Load...” button, then select ‘Force
Loads’ then press ‘OK’ then select either ‘DEAD’ or ‘LIVE’ depending on which
loads you want to enter their values then enter their values accordingly (both the
concentrated load and the bending moment) and in the right direction (axis), then
select ‘Add to Existing Loads’ and press ‘OK’. While doing this, the foundation



column dimensions should be entered in the ‘Size of Load for Punching Shear’
box of ‘Point Loads’ window.

159 Point Object Informatio!

Point Object Name 15

Assignments | Geometry | Loads | Design |

Load Pattern DEAD | Assign Load...

|
Point Loads |

Force in Gravity Dir (-Global Z) (kN) 380 \ ResotAl |
Load Size X Dimension (mm) 400 \
Load Size Y Dimension (mm) 400 \
Load Pattern LIVE |
Point Loads |
Force in Gravity Dir (-Global Z) (kN) 100 ‘
Load Size X Dimension (mm) 400 [
Load Size Y Dimension (mm) 400 \

[ Cancel
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You can also delete any forces which are wrongly entered through ‘Delete
Existing Loads’ radio button option. In this example, the dead concentrated load
is 439kN and the live load is 125kN for the columnl. For the second column, the
dead concentrated load is 380kN and the live concentrated load is 100kN for the
second column. These values are entered accordingly and the final values for the
second column are shown in Fig 173.

STEP 8: Running the Analysis

After this, the analysis can be run. But, make sure that the footing and the
foundation column are assigned with the correct rebar material. To do this, right
click anywhere in the plan view of the footing and the ‘Slab-Type Area Object
Information’ window will pop-up.



159 Slab-Type Area Object Information 2| x|

Area Object Name 14

Assignments | Geometry I Loads  Design I

Design This Slab Yes =
Ignore PT for Design No

Rebar Material $400 Reset Al
Slab Cover Source Design Preferences

Reduced Live Load Factor 1 ﬂ

OK
Cancel
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In the ‘Design’ tab of this window, set the value of ‘Rebar Material’ to ‘S400’.
Do this for the column foundation, and both design strips as well. After this, go to
the ‘Run’ menu and click on ‘Run Analysis & Design’ command or simply click
on the ‘F5” key. When you do this, you will be prompted to save the model, if you
haven’t already done this.

STEP 9: Displaying the Output

After running the analysis the following output diagram will be displayed on the
plan view window.
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To display the punching shear ratio, go to the ‘Display’ menu and click on ‘Show
Punching Shear Design’. After this, the punching shear ratio will be displayed in
the plan view around the foundation column as in the following figure.
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As can be noticed from the figure, the punching shear ratio is for the first column
is 1.0826 and for the second column is 1.1421. Generally, a punching shear ratio
less than one indicates the concrete thickness is adequate to resist punching shear



and a value greater than one indicates that the punching shear capacity is exceeded
somewhere along the critical section. For economical design, it is recommended to
keep the punching shear ratio between 0.95 and 1 as very small values of punching
shear ratio means excess concrete thickness is used. However, if the punching shear
ratio is greater than one, the thickness of the concrete should be increased and the
foundation should be re-designed. Since the objective of this tutorial is to show you
how to design foundations with SAFE, we will proceed with the design process as
if the depth was adequate for punching shear requirement. A detailed quantitative
description of the foundation design for each column can also be obtained by right
clicking on the plan view. The detailed description for the first column is shown in
Fig 177. Several trial may be made by zooming in and out to get the quantitative
description.

r | Y
184 Design Details X
File View

Combination BS 8110-1997 Punching Shear Check & Design 2

| comB1 ~|

Rems to Display Geometric Properties
V| Geometic Properties Combination = COMB1

7] Column Perimeter Figure Point Label = 17

Column Shape = Rectangular
& Coun Fnching Check Column Location = Comer
Global X-Coordinate = 0.3 m
Global Y-Coordinate = 1.85 m

Load Punching Check

Avg. Eff. Slab Thickness = 532 mm

Eff. Punching Perimeter = 4066.6 mm

Cover =68 mm

Conc. Comp. Strength = 30 N/mm2
Reinforcement Ratio = 0.0015

Section Width x-22 = 1398.1 mm

Section Width »-33 = 2668.5 mm

Shear Force = -454 247 kN Column Punching Perimeter
Moment Mu2 = 101.0201 kN-m

Moment Mu3= -436.8376 kN-m

Max Design Shear Stress = 0.375959 N/mm2
Conc, Shear Stress Capacity = 0.347259 N/mm2
Punching Shear Ratio = 1.08

m

| Done 7!
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Through the ‘Display’ menu, relevant quantities can be displayed on the screen.
For instance, the ‘Display’>’Show Strip Forces’ command or by simply clicking
the ‘F8’ key, the following window will be displayed.
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In this window, the ‘Load Case/Load Combination’ box provides with radio
buttons to select for which particular load case or load combination that we want
to display the output. The ‘Component’ box contains four radio buttons to select
which quantity to display. The ‘Show Forces For These Strip Layers’ box allows
us to select the strip layer for which the quantity is displayed. Both strip layers can
be selected at the same time. From the ‘Scaling’ box, we can select whether
automatic scaling or user defined scaling is used while displaying the diagram. The
‘Display Options’ box allows us to fill or not to fill the diagram and to display or
not to display the values on the diagram. For the preferences shown in Fig. 68, the
following diagram will be displayed.
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The ‘Display’>’Show Slab Design...” command results in the window shown in
Fig 180. In this window, several options can be set in order to display the footing
design in the way we wanted to. The ‘Choose Display Type’ box allows us to
select the ‘Design Basis’ between ‘Strip Based’ and ‘Finite Element Based’.
Unless some differences in the way the design is displayed, there is no difference in
the amount of reinforcement between these selections. Through the ‘Display
Type’ in the same box, it can be selected whether to display flexural reinforcement
or shear reinforcement. This box also allows us to impose or not to impose
minimum reinforcement during the design. The ‘Rebar Location Shown’ box
allows us to select which reinforcement, top or bottom or both, to be displayed.
The ‘Reinforcing Display Type’ box allows us to set the manner in which the
amount of reinforcement is displayed. The option whether to show the reinforcing
envelop diagram and the reinforcing extent can be set by the check boxes in the
‘Reinforcing Diagram’ window. The strip layer direction for which the amount
of reinforcement is displayed can be chosen from the ‘Choose Strip Direction’
box. The ‘Display Options’ box allows us whether to display output in filled
diagram or not and whether the values at controlling stations will be displayed or
not. If we want to display the amount of reinforcement above some specified
reinforcement bar area or spacing, we can use the options in the ‘Show Rebar
Above Specified Value’ box. When the ‘Typical Uniform Reinforcing
Specified Below’ radio button is selected, the “Typical Uniform Reinforcing’
box get activated. In this box, we can set a specific value above which the



reinforcement amount will be displayed. The reinforcement diagram output, for the
options set in Fig. 180, will be shown below in fig. 181.
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As can be noticed from the footing design diagram in fig. 71, the top reinforcement
across strip layer A is around Omm?*/m for bottom reinforcement and 1348mm?/m
for top reinforcement.

The design outputs can also be displayed in tabular format by clicking on the ‘Show
Tables...” menu item from the ‘Display’ menu or by just clicking on the equivalent

icon E from the tool bar below the menu bar and the following window will

pop up.
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In this window, we can select any of the model definitions or analysis results or
design results and press ‘OK’ to display the quantity which we want to have a look
at. By using the right hand side buttons in the window, the load patterns and the
load cases can be selected.

STEP 10: Detailing

After running the analysis and after checking that the results are reasonable, the
detailing will be done. However, before running the detailing, the detailing
preferences can be set from the ‘Detailing’ menu. From the ‘Detailing
Preferences...’, the likes of dimensional units and material quantity units can be
selected. From ‘Slab/Mat Detailing Preferences...’, the likes of rebar
curtailment options, the rebar detailing options, rebar selection rules and preferred
rebar sizes can be selected. The ‘Drawing Sheet Set-up...” menu allows us to set-
up the contents of the drawing sheet. The ‘Drawing Format Properties...” allows
us to set some formats in which the output displayed.



To run the detailing, go to ‘Run’ menu and click on ‘Run Detailing...” or
simultaneously press ‘Shift” and ‘F5’ keys or just click on the run detailing icon

from the tool bar just below the menu bar. Then, the ‘Run Detailing
Options’ window pops up so that we set the detailing options. Set the detailing
options which you want and click ‘OK’.

Once the detailing is run, the detailing can be displayed. The detailing display
options can be best accessed from the ‘Model Explorer’. When expanded in full,
the ‘Detailing’ tab of the model explorer looks like:

224 Model Explorer

=l Detafing
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General Notes
.. Rebar Shapes
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----- Footing Layout Plan
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- Drawing Sheets
El--- Cover Sheet
‘... Cover Note
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: ----- List of Drawings
----- General Notes
. ‘... Rebar Sha pe Codes
EI--- Footing Layout Plan
- Footing Layout Plan
El--- Footings Table
s Footings Table
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By clicking on any of the options from the detailing tab, a desired detailing can be
displayed. For instance, by double clicking on the ‘Footing Table’, the following
detail of footing can be shown. In the detail, the foundation is displayed as a
rectangular footing, which is not in accordance with the actual geometry. Thus,
good judgment is required while utilizing the design results.
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In this detail, the diameter of the reinforcement which is used is 10mm. If you want
to change the diameter....

Apart from this detail, other details can also be shown.

STEP 11: Reporting

The last step of foundation design is reporting. Before creating the report, the
report preferences should be set up. To do this, go to the ‘File’ menu and click on
‘Report Set-up...” and the following window pops up.

In this ‘Report Setup Data’ window, the user preferences regarding the reporting
such as the report output type, the report page orientation and the report items can
be set along with the load patterns and load combinations. Once the preference is
set, the report can be created by clicking on ‘Create Report’ command in the ‘File’
menu. The ‘Advanced Report Writer’ command in the same menu can be used to
set some advanced reporting formats.
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This concludes the tutorial for the design of single footing using the grids.



3.3. From AutoCAD

Design the combined foundation shown below with the given parameters:
10— 20— 20—H06k
STEP
1:
L&
ggéii:.\l: 300mm Lolumpd gg(ljuumé 300
= i 400mmX400mm mm. mm
{’lll‘_zfgkk&\. P2 = 350N P3 = 100kN
R SRR M2 = 30kNm M3 = 10kNm
Ultimate bearing capacity of the soil : 100kN/m?
*  Maximum allowable settlement of the foundation: 10mm
*  Grade of concrete: C-20 (20MPa 28-day characteristics cube strength)
*  Grade of reinforcement bar (rebar): S-460 (460MPa characteristics yield
strength)
*  Overall thickness of the foundation: 600mm
*  Concrete cover : 50mm
o Al the given loads are factored (ultimate) loads.
Creating the Model

To create a footing model from an AutoCAD file, first draw the plan view of the
foundation on AutoCAD. In this case, it will be a rectangle with dimensions of
5.6mX1.8m (footing) and three squares (foundation columns). When you draw the
plan view on AutoCAD, make sure that you are drawing it on a new layer. If you
want the origin of the SAFE mode to coincide with the center of the circular
foundation, make the center of the circle coincide with the global origin of the
AutoCAD file when you draw it. Then save the AutoCAD file in DXF format. To
save an AutoCAD file in DXF format, go to ‘File’ menu in the AutoCAD file and
click on ‘Save As’. At the bottom of the upcoming window, just below the text
field where you will enter the file name, you will see ‘Files of type’ with a drop-
down menu list. From the drop down menu list, select the option which has ‘(.dxf)’
at the end. Then enter the file name and save it at any location in your computer
where you can easily remember close it. This saves the file in DXF format.



Once you saved the AutoCAD file in DXF format, open the SAFE software and
when you use the command ‘File’>Import’>"DXF/.DWG Architectural Plan’
or when you simultaneously click on ‘CtrI'+’Shift’+’T’ keys, and you will be
prompted to open a file. Open the DXF file from the location where you saved it
and the following window will pop up.

In this window, just change the ‘CAD Drawing Units’ to ‘m’ since in the
AutoCAD file is the model is drawn in meter units. Then press ‘OK’.

154 Architectural Plan Import el B2
CAD Entities Import CAD Drawing Units
& Overwrite existing CAD entities O

{

Drawing Origin and Scale

Global X Ordinate o m
Global Y Ordinate © m
Rotation |0 Degrees
Scale Factor |1

Center Line Creation for Beams/Walls

¥ Add Center Lines

Max. Distance Between Parallel Lines |1 m

Min. Distance Between Parallel Lines |0»01 m

OK Cancel
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Then, the following model appears in the plan view. As can be noted, the left
bottom corner of the footing coincides with the origin of the coordinate system.
To achieve this, make sure that that this corner coincides with the origin of the
Global coordinate system while drawing the plan view on the AutoCAD.



Figure 187
After the model is created, the preferences regarding the units, the design codes
and concrete cover should be entered. To change the units, click on ‘Units...’
button which is found in the right bottom corner of the main window and the
following widow will pop up. In this window, click on ‘Metric Defaults’ and press
‘OK’ as we will be using metric units. If you want to use U.S. units click on “U.S.
Defaults’ and if you want to use a particular metric or U.S. unit consistently click
on ‘Consistent Units...” and select that particular unit which you want to use

consistently.
i3 Units 2| x|
File
~Quick Units —
U.S. Defaults Metric Defaults | Consistent Units... la |
Units
Item Units Units Label Decimal Min. Sig. Zero Always Use | ~
Places Figures Tolerance E Format

Structure
Coordinates KN, m. C m 5 2 | 1.0000E-20 No
Absolute Distance KN, m, C m 5 2 1.0000E-20 No
Relative Distance 4 2 1.0000E-20 No
Angles 3 2 1.0000E-20 No

Section Di
Length KN, mm, C mm 3 2 1.0000E-20 No
Area KN, mm, C mm2 2 2 | 1.0000E-20 No
Length4 KN, mm, C mmé 2 2 | 1.0000E-20 No
Rebar Area KN, mm, C mm2 3 2 1.0000E-20 No
Rebar Area/Length mm2/m mm2/m 3 2 1.0000E-20 No

Displ |
Translational Displ KN, mm, C mm 6 2 1.0000E-20 No
Rotational Displ 6 2 | 1.0000E-20 No

Forces |
Force KN, m, C kN 3 2 1.0000E-20 No
Force/l ength KN, m, C kN/m 2 2 1.0000E-20 No
Force/Area KN, m, C kN/m2 2 2 1.0000E-20 | No
Moment KN, m, C kN-m 4 2 1.0000E-20 | No
Momentfl annth KN m kN-m/m 4 ? 10000F-20 | Nn _'.]

ok | Cancel |

Figure 188



To select the design code and other design preferences, go to ‘Design’ menu and
click on ‘Design Preferences...” and the following window will pop up. In the
‘Code’ tab of this window, change the ‘Design Code’ to ‘BS 8110-1997° or any
other code which you want to design the circular foundation with. In the ‘Min.
Cover Slabs’ tab, for ‘Non-Prestressed Reinforcement’ | both the ‘Clear Cover
Top’ and ‘Clear Cover Bottom’ should be set to 50mm as the concrete cover in
this design problem stated to be 50mm. The ‘Preferred Bar Size’ can be set to any
reasonable value. Here, the ‘Preferred Bar Size’ is set to #14 which is the bar
number which will be used as the main reinforcement in the foundation. Leave the
rest as they are and press ‘OK’.

Code ] Min. Cover Slabs I Min. Cover Beams l P/T Stress Checkl

Design Code |BS 8110-1997

Resistance Factors:

Gamma Steel 1.15

Gamma Concrete 15
Gamma Shear 1.25

Reset Tab Defaults ]

Figure 189
STEP 2: Defining Material Properties

The materials which are involved in the design of the footing should be defined
before the analysis. These materials are the concrete, the reinforcement bar (rebar)
and the soil support. Thus, these properties will be defined here.

The material definition can be carried out in two ways.

The first one is through the ‘Define’ menu in the menu bar. The other one through
the model explorer on the left hand side of the home window. To define material



properties through the former method, click on ‘Define’ menu and again click on
‘Materials...” resulting in the following window depending on prior material
definitions.

The list in the ‘Materials’ box may not be exactly as it appears in your widow.
However, that doesn’t bring any change in the outcome of the design process as
you can customize this list any time.

The ‘Add New Material Quick...” button allows you to define materials quickly
from a list of pre-defined materials. The ‘Add New Material’ button allows you
to define materials by changing their properties. The ‘Add Copy of Material’
button allows you to define a material with same property as an already defined
matetial. The ‘Modify/Show Material’ button displays the property of an already
defined material with the possibility of modification. The ‘Delete Material’ button,
when active, deletes a defined material property.

Materials Click to:

| Add New Material Quick...

A416Gr270
A615Gr60

Add New Material...

[
[ Add Copy of Material...
[

Modify/Show Material...
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For this particular problem, we will add new concrete and a rebar materials using
the ‘Add New Material...” button. Thus click on this button and the following
window will pop up.

This is the window where concrete properties will be modified. Put any name for
the material in the text field in front of ‘Material Name’. But, it is important to
make sure that the concrete with the defined material name is assigned for the
footing. For this particular problem, let us use the name of the concrete as ‘C20’.
Since we are defining a concrete, the ‘Material Type’ should be set to ‘Concrete’.

The unit weight of reinforced concrete may vary depending of the design code of
yvour country. Thus, enter the unit weight of reinforced concrete stipulated in your



country code in the text field in front of ‘Weight per Unit Volume’. For this
particular example, we will use 25kN/m’.

General Data
M Material Name €20
‘ Material Type [Concrete v]
| Material Display Color -
Material Notes [ Modify/ShowNotes.. |

Material Weight
Weight per Unit Volume

Isotropic Property Data
Modulus of Elasticity, E
Poisson's Ratio, U
Coefficient of Thermal Expansion, A

Shear Modulus, G

Other Properties for Concrete Materials

Concrete Cube Compressive Strength, fcu

[] Lightweight Concrete
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For C-20 concrete, the modulus of elasticity according to BS 8110-1197 is around
27GPa. Thus, enter this value in the text field in front of ‘Modulus of Elasticity,
E’. If you selected another design code in step 1 while creating the model, you
should refer to actual value of this parameter from the code and enter it accordingly.
Be aware of the units though.

The values of Poisson’s ratio and coefficient of thermal expansion may also be
defined in the design code and should be entered accordingly. For this particular
problem, a value of 0.2 for ‘Poisson’s Ratio, U’ and a value of 10x10°/°C for
‘Coefficient of Thermal Expansion, A’ will be entered. The ‘Shear Modulus, G’
will be automatically calculated in an un-editable text field.

The grade of concrete for this particular problem is C-20. C-20 is a concrete with
28 day characteristics cube compressive strength of 20MPa. The concrete
desicnhation mav be different for different countrv codes but the concent is the



same. Therefore, enter 20 in the text field in front of ‘Concrete Cube
Compressive Strength, fcu’.

If a lightweight concrete is used, check on ‘Lightweight Concrete’ and enter the
corresponding ‘Shear Strength Reduction Factor’ in the space provided.

When you press on ‘OK’, a concrete material with the above properties will be
added to the list of materials. This material will be assigned for the footing before
the analysis.

After adding a new concrete property, the program returns to the window shown
in Fig. 190. To define a rebar property, we will follow the same procedure as we
followed while defining the concrete property. Since a new rebar property will be
defined, click on the ‘Add New Material...” button. A ‘Material Property Data’
window pops up and when you change the ‘Material Type’ to ‘Rebar’, the window
appears to look like the following.

rﬁj Material Property Data I D e |

General Data
Material Name 5460

Material Type [Rebar b ]

Material Display Color - | Change... |

Material Notes [ Modiy/Show Notes.. |

Material Weight
Weight per Unit Volume 77.0085 kN/m3

Uniaxial Property Data
Modulus of Elasticity, E 200000 N/mm2

Other Properties for Rebar Materials
Minimum Yield Stress, Fy 460 N/mm2

Minimum Tensile Stress, Fu 460 N/mm2

ok

Figure 192

Change the ‘Material Name’ to any name you want. Here, we name it ‘S460’. The
material type should be ‘Rebar’. The weight per unit volume of steel is stipulated
in the design code. For BS 8110-1197, the weight per unit volume is 77.0085kN /m”.
Thus, enter this value in the text field in front of ‘Weight per Unit Volume’. The
modulus of elasticity for reinforcement bars according to the same design code is



200GPa. Thus enter this value in the text field in front of ‘Modulus of Elasticity,
E’ considering the unit.

In the ‘Other Properties for Rebar Materials’ box, two quantities are mentioned:
minimum yield stress and minimum tensile stress for the reinforcing material. The
values of these parameters will be specified in the design code which you defined
earlier. If the code assumes that the rebar material exhibits elastic perfectly plastic
behavior, the values of these two quantities will be the same. The grade of steel to
be used for this particular example is S-460. The yield stress for this type of
reinforcement bar is 460MPa. Since the design code of my country assumes that
rebars exhibit elastic perfectly plastic behavior, the minimum tensile stress will also
be 460MPa. Thus enter 460 in both text fields in front of the ‘Minimum yield
stress, Fy’ and ‘Minimum Tensile Stress, Fu’. Then press ‘OK’ in both
‘Material Property Data’ and ‘Materials’ windows concluding the material
definition step.

The other property which should be defined is the soil support. To define the soil
properties, go to the ‘Define’ menu and click on ‘Soil Subgrade Properties’ menu
item and the following window appears.

159 Soil Subgrade Properties 2] X

Soil Subgrade Property Click to:

SOIL1 | Add New Property...

Modify/Show Property...

|
Add Copy of Property... |
Delete Property |

OK
_ Cancel |

Cancel

Figure 193

By using the buttons in this window, a new soil property or copy of soil property
can be added. An existing soil property can also be modified or deleted. For this
problem, let us add a new soil property by using the ‘Add New Property...’
button. Thus, click on this button and the following window pops up.



General Data
Property Name SOl
Property Notes [ Modify/Show Notes... |
Property
Subgrade Modulus 1E+04 kN/m3
OK ] [ Cancel
Figure 194

In this window, set the property name to ‘SOIL’ and change the subgrade modulus
to 10,000kN/m’. Because, the subgrade modulus which can be assume by the ratio
of the bearing capacity by the allowable settlement for this particular example is so.
Then press ‘OK’ in both the ‘Soil Subgrade Property Data’ and ‘Soil Subgrade
Properties’ windows.

STEP 3: Defining Footing and Column Properties

After defining the material properties, the footing and column properties can be
defined. This definition can take place in two ways: from the menu bar and from
the model explorer. In SAFE software, footings are modelled as ‘footings’ and
foundation columns are modelled as ‘stiff’.

To define footing and column properties from the menu bar, go to ‘Define’ menu
and click on ‘Slab Properties...”. The following window will pop up.

The ‘Add New Property...” button prompts the user to enter new properties for
the footing and foundation column while the ‘Add Copy of Property...” copies
the property of an existing slap. The ‘Modify/Show Property...” allows the user
to show the property of an existing component with the possibility of modification.
When the ‘Delete Property’ button is active, it allows the user to delete an existing
slab property.



124 Slab Properties 2|
~SlabProperty — | [ Clickto:
Add New Property... |
|
|
|
OK
Figure 195

In this case, we use the ‘Add New Property...” button to add new slab properties
for the footing and foundation column. Click the button and the following window
will pop up.

154 Slab Property Data 2| X|

General Data

Property Name IFOOTING

Slab Material [c20 =
Display Color -
Property Notes Modify/Show... |

Analysis Property Data

Type IFooting LI
Thickness 600 mm
W Thick Plate " Orthotropic

OK | Cancel

Figure 196

The ‘Property Name’ can be assigned with any name; but, in this case, the property
name which will be used is FOOTING’. The ‘Slab Material’ should be set to the



concrete grade which is defined in step 2. Since the name of the concrete material
defined in step 2 for this particular problem is ‘C20°, a material with this name
should be selected from the list.

In the ‘Analysis Property Data’ box, “Type’ should be set to ‘Footing’. The
‘Thickness’ value should be set to the thickness of the footing defined in the
example. Since the thickness of the footing is 600mm, this value is entered in the
text field corresponding to “Thickness’. As footings are modelled as thick plates,
check the “Thick Plate’ option. The ‘Orthotropic’ check box is selected when a
footing with irregular dimension is to be used.

When you press ‘OK’, the ‘Slab Property Data’ window will be exited and the
‘Slab Properties’ window gets activated. Now, the property of the foundation
column will be added. To do this, again click on the ‘Add New Property...” button.
The following window appears after the click.

- 284 Slab Property Data lM‘
General Data
Property Name STIFF
Slab Material [CZ(} "} D
Display Color - Tge“.'
Property Notes [ Modify/Show... ]

Analysis Property Data

Type Stiff -
Thickness 600 mm
W] Thick Plate [7] Orthotropic

OK Cancel
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The ‘Property Name’ can be any name but we use ‘STIFF’. The ‘Slab Material’
should be set to the concrete grade which is defined in step 2. Since the name of
the concrete material defined in step 2 for this particular problem is ‘C20’°, a material
with this name should be selected from the list.



In the ‘Analysis Property Data’ box, “Type’ should be set to ‘Stiff’ as we are
defining the property of column. The ‘Thickness’ value should be thickness of the
footing which is 600mm. This value should be entered in the text field
corresponding to “Thickness’. As foundation columns are modelled as thick plates,
check the “Thick Plate’ option. The ‘Orthotropic’ check box is selected when a
column with irregular dimension is to be used.

When you press ‘OK’, the ‘Slab Property Data’ window will be exited and the
‘Slab Properties’ window gets activated. Again press ‘OK’ and exit the window for
defining the footing and foundation column.

STEP 4: Defining Load Patterns, Load Cases and Load Combinations

The loads on the foundation should be defined accordingly before the analysis.
First, the load pattern should be defined. This can be done from the ‘Define’ menu
or from the ‘Model Explorer’. This time, we will do it from the model explorer.
In the model explorer, expand ‘Load Definitions’ and you will see ‘Load
Patterns’. When you expand ‘Load Patterns’, you will see ‘DEAD’ and ‘LIVE’.
At the end, the model explorer appears to look like:

-

259 Model Explorer
Medel | Display | Detafing
(= Madel Definitions
-

t|- Coordinate Systems
[l Property Diefinitions
[+ Matenals

[+ Slab Properies

- Beam Propertes

[+ Reinforcing Bar Sizes
- Tendon Propertes
- Column Properties

- Wall Propertes

[+)- Sod Subgrade Propertes

+]-- Point Sprng Properties

[} Line Sprng Properties
[=l- Load Definitions
=& L oad Pattemns
- DEAD
e LIVE

[+ Load Cases

- Load Combinations

(- Groups

() Objects

El"' Asea Objects (Slab, Wall, Ramp, Null)

i Line Objects {Beam, Column, Brace, Null
---- Tendon Objects

- Slab Rebar Objects

- Design Strip Objects

& Point Objects

Figure 198



Now, right click on ‘Load Patterns’ and click on ‘New Load Pattern’ and the
following window pops up.

354 Load Patterns X
Load Pattems Ciick To:
Seff Weight Add Load Pattem

Load Type Mukiplier Notes 7—|
oo B8 1 Do o patom_|
LIVE LIVE 0

OK
_ Cancel

Note: Double click cell in the Notes column to expand it

Figure 199

In the ‘Load Patterns’ window, two load patterns are already defined: ‘DEAD’
and ‘LIVE’. The ‘Type’ of the ‘Load’ should also be changed accordingly. There
are many options for type of loading. The “Type’ for dead loads should be set to
‘DEAD’ and for live loads ‘LIVE’. If there are other types of load patterns on the
foundation such as earth quake load, you can add the load pattern with the ‘Add
Load Pattern’ button. You can also delete any undesirable load pattern using the
‘Delete Load Pattern’ button. Since in this example, we have only dead and live
loads, we will leave the existing load patterns as they are. The ‘Self Weight
Multiplier’ value should also be changed accordingly. This value imparts the option
whether to consider or ignore the self-weight of the foundation in addition to
external loads. If the self-weight of the foundation is already included as an external
dead load or if you want to exclude the effect of self-weight from the analysis, the
value under ‘Self Weight Multiplier’ should be set to zero. In this example, we
will consider the self-weight as an additional load to the external dead load. Thus,
the value under ‘Self Weight Multiplier’ for the ‘DEAD’ load is one. For the
‘LIVE’ load, it will be zero. Press ‘OK’ and the window will be exited.

Atfter this, the load cases will be defined. Load cases are used to dictate the way the
loads are applied (statically or dynamically) or the way the structure responds
(linearly or non-linearly) for the defined load patterns. To define a load case, go to
‘Define’ menu and click on ‘Load Cases...”. The following window will pop up
after the click.



384 Load Cases [M

Load Cases Click to:
Load Case Name Load Case Type ( Add New Case... ]
Do oo [T —
= i [ Modiy/Show Case... ]

B Delete Case

Cancel
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The load patterns which were defined eatlier will automatically appear in the list of
‘Load Case Name’ of the ‘Load Cases’ window. The ‘Load Case Type’ column
shows the way in which each load pattern will be applied during analysis. If you
want to modify this, highlight the load pattern for which you are going to change
the load case type and click on the ‘Modify/Show Case...” button. If you click
this button, the following window will appear. In this window, you can change the
way the load is applied from the ‘Load Case Type’ box. The way the structure
responds can also be selected from the ‘Analysis Type’ box. This problem ‘Static’
is for the ‘Load Case Type’ and ‘Linear’ is selected for the ‘Analysis Type’ since
the load is static and the foundation responds linearly. The scale factor for the dead
load in the ‘Loads Applied’ box will be left as one. Press ‘OK’ and exit the window.

The load case type for the live load should also be ‘Linear Static’. Otherwise, it
should be changed by clicking the ‘Modify/Show Case...” button to linear static
case. If both the load case types are as desired click ‘OK’ and exit the ‘Load Cases’
window.



389 Load Case Data - Linear Static

Load Case Name Load Case Data Notes Load Case Type
DEAD ' [ Modfy/Show Notes.. | (State v] [ Desgn.. ]
Stiffness to Use Analysis Type
@ Zero Inttial Condttions - Unstressed State @ Lnear
¢ End of Nonlinear Ca © Nonlinear (Allow Upldt)
) Nonlinear (Cracked)
") Nonlnear (Long Temn Cracked)
Loads Applied
Load Name Scale Factor
» |DEAD )1
* | -
[ok ] [ Cancel

Figure 201

Definition of the load combinations will be the next step. Since the loads are
factored, only one load combination will be considered. To define load

combination, go to ‘Define’ menu and click on ‘Load Combinations...” and the
following window pops up.

ia Load Combinations &Iﬁl
Combinations Click to:
( Add New Combo... |
B [ Add Default Design Combos... |
ok | [ Cancel |

Figure 202



New load combinations will be added through the ‘Add New Combo...” button.
The load combination which will be considered is factoring only the self-weight
which is considered as a dead load and the other factored loads will be considered
as live loads for convenience and the scaling factor for the live loads will be one.
When the ‘Add New Combo...” button is clicked, the following window appears.

i
|
General Data
Load Combination Name COMB1
Combingation Type [LinearAdd vJ ‘
Notes [ Modify/ShowNotes |
Auto Combination ‘ No
Define Combination of Load Case/Combo Results
Load Name Scale Factor
DEAD El1.3

LIVE i

4| 4

Design Selection

[¥] Strength (Ultimate) [T] service - Normal
[] service - Initial [C] service - Long Term
oK | [ cancel
Figure 203

In the ‘Load Combination Data’ window, any name can be given for the load
combination. The ‘Combination Type’ should be set to ‘Linear Add’ as the
component loads (dead and live) will be added linearly. However, there are also
other options from the drop down menu in front of ‘Combination Type’. In the
window shown in Fig. 203, the two loads (dead and live) should be activated below
the ‘Load Name’ column of the ‘Define Combination of Load Case/Combo
Results’ box. The values in the ‘Scale Factor’ column correspond to the partial
safety factors for load for the failure mode under consideration. These partial safety
factors are specified in the design code of your country. In the design code of my
country, the partial safety factor for dead loads for ultimate limit sate case is 1.3 for
the case where there are only dead and live loads. For such load patterns, the partial



safety factor for live loads for ultimate limit sate case would have been 1.6. But, in
this case, since the loads are already factored and for convenience reason since the
factored loads are considered as live loads, a scaling factor of unity will be used.
Thus, enter a value of 1.3 in front of ‘DEAD’ and 1 in front of ‘LIVE’ in ‘Scale
Factor’ column. The failure condition which is being under consideration can be
defined by selecting and deselecting the check boxes in the ‘Design Selection’ box.
The serviceability limit state will not be considered for this case.

STEP 6: Drawing the Footing Components and Design Strips

The footing, the foundation column and a point where the loads will be applied on
the foundation column should now be drawn on the grid.

J. Drawing the footing
The footing will be drawn as a rectangular slab. Thus, go to the ‘Draw’ menu
and click on ‘Draw Rectangular Slabs/Areas...” or click on the equivalent

icon Dfrom the left hand side tool bar and the following window will pop

up.
iEj Draw Rectangular Slabs/Areas ﬂﬁ
Type of Object Slab
Property FOOTING
Figure 204

Make sure that the ‘Property’ is set to ‘FOOTING’ and click at one corner
of the footing. Then, without releasing the click, drag into the opposite
corner and release the click. This draws a rectangular footing.

0. Drawing the foundation column
While the window in fig 204 is active, change the ‘Property’ to ‘STIFF’ and
draw the three columns by following a similar procedure which you used
while drawing the footing.

. Drawing the points on the foundation colunins where the load will be applied
Go to ‘Draw’ menu and click on ‘Draw Points’, then click on the mid-point
of each of the footing and the points will be created. If the cursor could not
snap to the midpoint, you can adjust the ‘Snap Options’ from the ‘Draw’
menu.

After this, the design strips will be drawn. Design strips determine the way in which
different quantities related to the reinforcement calculation are calculated. Forces
are integrated across the design strips. Thus, the larger the width of coverage of the



design strips within the given structure, the higher will be the calculated values of
the bending moments and shear forces. Thus, an optimum width of strip is required
compromising the safety and economical requirements. The width of the design
strip will be specified in the design code. According to the code of my country, the
width of design strips for combined foundations in the longitudinal direction
should cover the whole area of the footing. In this particular problem, the width of
the strips in x-direction is 1.8m. The design strips in the transverse direction will be
defined for each column and should extend to a distance of half the depth of the
footing from the face of the column on each side. These design strips in X and Y
direction are usually defined in SAFE software as layer A and layer B.

To draw the design strip, go to the ‘Draw’ menu and click on ‘Design Strips’ or

simply click on the equivalent icon gfrorn the left hand sided tool bar and the
following window pops up.

154 Draw Design Strips (2]
Type of Object Strip
Strip Layer A
Strip Design Type Column Strip
Start Width Left [m] 0.9
Start Width Right [m] 0.9
End Width Left [m] 0.9
End Width Right [m] 0.9
Figure 205

In this window, the ‘Strip Layer’ should be selected to be either ‘A’ or ‘B’. But if
‘A’ is for design strip in X direction ‘B’ should be for Y direction and vice versa.
The window in fug 205 is for the design strip in X direction. The ‘Draw Design
Strips’ windows for columnl and column3 in the transverse direction are shown
in fig. 206(a) and for column?2 in the same direction is shown in fig. 206(b).

359 Draw Design Strips 2| X 189 Draw Design Strips 2] X|
Type of Object Strip Type of Object Strip
Strip Layer B Strip Layer B
Strip Design Type Column Strip Strip Design Type Column Strip
Start Width Left [m] 0.45 Start Width Left [m] 0.5
Start Width Right [m] 0.45 Start Width Right [m] 0.5
End Width Left [m] 0.45 End Width Left [m] 05
End Width Right [m] 0.45 End Width Right [m] 0.5

(a) (b)



Since we are drawing a strip around the column to consider maximum moment and
shear forces, the ‘Strip Design Type’ should be set to ‘Column Strip’. While
drawing the design strips, if you can’t snap to the intended points on the footing,
you can modify the snap options by clicking on the ‘Snap Options...” command
from the ‘Draw’ menu and adjusting the options which you want to snap to. Or
you can use other ways to draw the design strips. The design strip in Y direction
can also be drawn in a similar procedure after changing the ‘Strip Layer’ to ‘B’.

You can display the design strips by setting the display options by clicking on ‘Set
Display Options...” from the “‘View’ menu or by simultaneously clicking on ‘Cttl’
and ‘W’ keys or by just clicking on the set display options icon ¥ from the tool

Figure 206

bar below the menu bar. This results in the following window:

-
384 Set Display Options

2 s’

Then, check on ‘Labels’, ‘Show Width’ and ‘Show Stations’ in the ‘Design Strip
Objects’ box and press ‘OK’ and after drawing dimension lines by using the
command ‘Draw’>’Draw Dimension Lines’, the following window appears

displaying the design strips in the two directions.

Point Objects Tendon Objects ltems Present In View
| Labels V| Slab (Area)
Line Objects
| Design Stri A
Slab Rebar Objects | o aloan
[¥] Design Strip Layer B
Area Objects Design Strip Objects [¥] Soil Supports
[ Labels (V] Labels
| Propetties [¥] Show Width ¥| Points :
[] Local Axes [¥] Show Stations /| Invisible ‘ 7 Architectural Layers
[] Slab Edge Releases [¥] Horizon
‘ Siab Vertical Offeets Options View by Colors of: [] Apply To All Windows
| Slab Intemal Ribs 7] Shrink Objects ® Objects »
Support Properties Lj Bdrude View ") Section Properties [M]
[¥] Fill Areas | Material Properties —
[¥] Show Area Edges ") Selected Groups l oK J
[} Soil Properties [C] Show Mesh Cancel
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STEP 7: Assigning Slab Data, Support Data and Load Data

e.

The slab data, support data, and load data which are defined in the previous steps
should be assigned to the corresponding structural component. The way to do this
is first to select the component and next to assign the slab property, support
property or loads accordingly. The selection can be done by clicking on the
component from the plan view or through the ‘Select’ menu. The latter option
assures that the component is selected exactly as selection by clicking may result in
incorrect selection. Thus, all the selections here will be done from the ‘Select’
menu. The assignments will be discussed as follows:

Assigning support data to the footing

Select the footing through the following strings of commands
‘Select’>’Select’>"Properties’’Slab Properties...”. Then select ‘TFOOTING’
and press ‘OK’. Then assign the footing property through the following strings of
commands ‘Assign’>’Support Data’>’Soil Properties...”. Then select ‘SOIL’
and press ‘OK’.

Assigning reinforcement data to the design strips

Select each design strip through the following strings of commands
‘Select’>’Select’>"Properties’>Design Strip Layers...”. Then select ‘A’ or ‘B’
(one at a time) and press ‘OK’. When you right click on the selected strip layer, the
‘Slab-Type Area Object Information’ window pops up. In the ‘Design’ tab of
this window, set the ‘Rebar Material’ to ‘S460’ and press ‘OK’. Do this for both
Strips.

f. Assigning load on the foundation column



To assign load on the foundation column, right click on the point at the center of
the foundation column and a ‘Point Object Information’ window pops up. In this
window, click on the ‘Loads’ tab.

The dead load and the live load can be assigned through the ‘Assign Load...’
button. The procedure is: click on ‘Assign Load...” button, then select ‘Force
Loads’ then press ‘OK’ then select either ‘DEAD’ or ‘LIVE’ depending on which
loads you want to enter their values then enter their values accordingly (both the
concentrated load and the bending moment) and in the right direction (axis), then
select ‘Add to Existing Loads’ and press ‘OK’. While doing this, the foundation
column dimensions should be entered in the ‘Size of Load for Punching Shear’
box of ‘Point Loads’ window.

124 Point Object Information 2| X
Point Object Name |25
Assignments | Geometry Loads } Design |
Load Pattern LIVE = Assignl oad
Point Loads
Reset All
| Force in Gravity Dir (Global Z) (kN) 100 __ Rostar |
| Moment about Global Y Axis (kN-m) 10
[ Load Size X Dimension (mm) 300
’ Load Size Y Dimension (mm) 300 L‘
OK
Cancel
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You can also delete any forces which are wrongly entered through ‘Delete
Existing Loads’ radio button option. In this example, since the factored
concentrated load is 100kN and since the bending moment about y-axis is 10kNm,
these values are entered in the Gravity Direction for the concentrated load and



along y-axis for the bending moment and the final values are shown in the above

figure.
STEP 8: Running the Analysis

After this, the analysis can be run. But, make sure that the footing and the
foundation column are assigned with the correct rebar material. To do this, right
click anywhere in the plan view of the footing and the ‘Slab-Type Area Object

Information’ window will pop-up.

ﬁﬂ Slab-Type Area Object Information

Area Object Name |1

Assignments | Geometry | Loads  Design |

Design This Slab Yes
Ignare PT for Design No
Rebar Material S$460
Slab Cover Source Design Preferences

Reduced Live Load Factor 1

[
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21X

Reset All

OK
Cancel

In the ‘Design’ tab of this window, set the value of ‘Rebar Material’ to ‘S460’.
Do this for the column foundation, and both design strips as well. After this, go to
the ‘Run’ menu and click on the ‘Run Analysis’ command.

STEP 9: Displaying the Output

Once the analysis is run, the output will be displayed. Particularly, the punching
shear design is of great importance as the footing cannot be designed without the
punching shear requirement being adequately satisfied. To do this, go to the ‘Run’



menu and click on ‘Run Analysis & Design’ command or simply click on the ‘F5
key. When you do this, you will be prompted to save the model, if you haven’t
already don this. When you save the model, the following window showing the
displacement of the soil in a banded figure will be displayed.
-1.47
-1.47|
-1.47

147
147
-1.48
148
148
148
148
148

Figure 211

To display the punching shear ratio, go to the ‘Display’ menu and click on ‘Show
Punching Shear Design’. After this, the punching shear ratio will be displayed in
the plan view around the foundation column as in the following figure.

’ FT 7 |
|

HE ]:%1426

Figure 212

As can be noticed from the figure, the punching shear ratio is 0.1426 for the first
column, 0.1564 for the second column and 0.0537 for the third column. Generally,
a punching shear ratio less than one indicates the concrete thickness is adequate to
resist punching shear and a value greater than one indicates that the punching shear
capacity is exceeded somewhere along the critical section. For economical design,
it is recommended to keep the punching shear ratio between 0.95 and 1 as very
small values of punching shear ratio means excess concrete thickness is used.
However, if the punching shear ratio is greater than one, like in this example, the



thickness of the concrete should be increased or the grade of the concrete should
be increased and the foundation should be re-designed. A detailed quantitative
description of the foundation design can also be obtained by right clicking any of
the columns shown in Fig 213 as shown below. Several trial may be made by
zooming in and out to get the quantitative description.

179 Design Details

21X
File View
Combination BS 8110-1997 Punching Shear Check & Design

T T —

Geometric Properties

ltems to Display

¥ Geometric Proparties

¥ Column Perimeter Figure
¥ Column Punching Check
-

=

=

Conc. 8 : .
Bunching Shear Rafio Column Punching Perimeter

Done

Figure 213

Through the ‘Display’ menu, relevant quantities can be displayed on the screen.

For instance, the ‘Display’>’Show Strip Forces’ command or by simply clicking
the ‘F8 key, the following window will be displayed.



124 Strip Forces i'il

Load Case/Load Combination

" Load Case

* Load Combination |COMB1 L,
Component

& Moment " Axial Force

" Shear Force C Forsion

Show Forces For These Strip Layers
M Layer A
I” LayerB
-

Scaling

+ Automatic

" User Defined : E

Display Options
M Fill Diagram

¥ Show Values on Diagram

Apply | Close
Figure 214

In this window, the ‘Load Case/Load Combination’ box provides with radio
buttons to select for which particular load case or load combination that we want
to display the output. The ‘Component’ box contains four radio buttons to select
which quantity to display. The ‘Show Forces For These Strip Layers’ box allows
us to select the strip layer for which the quantity is displayed. Both strip layers can
be selected at the same time. From the ‘Scaling’ box, we can select whether
automatic scaling or user defined scaling is used while displaying the diagram. The
‘Display Options’ box allows us to fill or not to fill the diagram and to display or
not to display the values on the diagram. For the preferences shown in Fig. 68, the
following diagram will be displayed.



59.4528 kN-m

Figure 215

The ‘Display’>’Show Slab Design...” command results in the window shown in
Fig 216. In this window, several options can be set in order to display the footing
design in the way we wanted to. The ‘Choose Display Type’ box allows us to
select the ‘Design Basis’ between ‘Strip Based’ and ‘Finite Element Based’.
Unless some differences in the way the design is displayed, there is no difference in
the amount of reinforcement between these selections. Through the ‘Display
Type’ in the same box, it can be selected whether to display flexural reinforcement
or shear reinforcement. This box also allows us to impose or not to impose
minimum reinforcement during the design. The ‘Rebar Location Shown’ box
allows us to select which reinforcement, top or bottom or both, to be displayed.
The ‘Reinforcing Display Type’ box allows us to set the manner in which the
amount of reinforcement is displayed. The option whether to show the reinforcing
envelop diagram and the reinforcing extent can be set by the check boxes in the
‘Reinforcing Diagram’ window. The strip layer direction for which the amount
of reinforcement is displayed can be chosen from the ‘Choose Strip Direction’
box. The ‘Display Options’ box allows us whether to display output in filled
diagram or not and whether the values at controlling stations will be displayed or
not. If we want to display the amount of reinforcement above some specified
reinforcement bar area or spacing, we can use the options in the ‘Show Rebar
Above Specified Value’ box. When the ‘Typical Uniform Reinforcing
Specified Below’ radio button is selected, the “Typical Uniform Reinforcing’
box get activated. In this box, we can set a specific value above which the
reinforcement amount will be displayed. The reinforcement diagram output, for the
options set in Fig. 108, will be shown below in fig. 109.
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i34 Slab Design (2] = |

Choose Display Type Choose Strip Direction
Design Basis  Strip Based - [V] LayerA
Display Type | Enveloping Flexural Reinforcement v | [ LayerB
Impose Minimum Reirforcing [] Layer Other
Rebar Location Shown Display Options
Show Top Rebar [¥] Fil Diagram
[¥] Show Bottom Rebar [] Show Values at Controlling Stations on Diagram
Reinforcing Display Type Show Rebar Above Specified Value
@ Show Rebar Intensity (Area/Unit Width) @ None
) Show Total Rebar Area for Strip () Typical Uniform Reinforcing Specified Below
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} Bar Size Typical Unform Reinforcing
Top (& S @ Define by Bar Size and Bar Spacing
Bottom B = Define by Bar Area and Bar Spacing
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Reinforcing Diagram .
Show Reinforcing Envelope Diagram ® IAS = I 12 |
Scale Factor 1 oo e W2 ]
Show Reirforcing Extent
[ Aoy | [ Cose |
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As can be noticed from the footing design diagram in fig. 71, the top reinforcement
across strip layer A is around Omm?/m for top reinforcement and 1008smm?*/m
for bottom reinforcement.



The design outputs can also be displayed in tabular format by clicking on the ‘Show
Tables...” menu item from the ‘Display’ menu or by just clicking on the equivalent

icon E from the tool bar below the menu bar and the following window will

pop up.
s ; ‘ ) A
389 Choose Tables for Display D |
Edit
[E- [J MODEL DEFINITION (0 of 40 tables selected) Load Patterns (Model Def.)
-0 System ':_’a'a Select Load Patterns...
#-[0 Geometric Data 2 of 2 Selected
[0 Definitions
3--[] Assignments Load Cases (Results)
L[] Danign D | SekectLoad Cases... |
[0 ANALYSIS RESULTS (0 of 19 tables selected) 2 of 4 Selected
-0 Analysis Result S ies s
+--[] Analysis Result Enveloping Summaries 1'-10dlfyl_5h9y(gghqg§_[
/-] Nodal Results
+--[] Element Results :
3--[] Structure Result Data Options
[0 DESIGN RESULTS (0 of 4 tables selected)
#/--[] Design Result Summaries || Show Unformatted
+--[] Concrete Design

Named Sets

Cancel

TleForrna Fle Current Table Formats File: Program Default
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In this window, we can select any of the model definitions or analysis results or
design results and press ‘OK’ to display the quantity which we want to have a look
at. By using the right hand side buttons in the window, the load patterns and the
load cases can be selected.

STEP 10: Detailing

After running the analysis and after checking that the results are reasonable, the
detailing will be done. However, before running the detailing, the detailing
preferences can be set from the ‘Detailing’ menu. From the ‘Detailing
Preferences...’, the likes of dimensional units and material quantity units can be
selected. From ‘Slab/Mat Detailing Preferences...’, the likes of rebar
curtailment options, the rebar detailing options, rebar selection rules and preferred



rebar sizes can be selected. The ‘Drawing Sheet Set-up...” menu allows us to set-
up the contents of the drawing sheet. The ‘Drawing Format Properties...” allows

us to set some formats in which the output displayed.

To run the detailing, go to ‘Run’ menu and click on ‘Run Detailing...” or

simultaneously press ‘Shift” and ‘F5’ keys or just click on the run detailing icon

from the tool bar just below the menu bar. Then, the ‘Run Detailing

Options’ window pops up so that we set the detailing options. Set the detailing

options which you want and click ‘OK’.

Once the detailing is run, the detailing can be displayed. The detailing display
options can be best accessed from the ‘Model Explorer’. When expanded in full,

the ‘Detailing’ tab of the model explorer looks like:

354 Model Explorer

=l Detafing
EI--- Drawing Component Views
5 Crawing List
- General Notes
Rebar Shapes
----- Beam Curtaidment Rules
- SlabiMat Curtaidment - Col Stap
----- Slab/Mat Curtadment - Mid Stap
B Footings Views
----- Footing Layout Plan
: - Footings Bl of Quantities
- Drawing Sheets
EI--- Cover Sheet
‘... Cover Note
EI--- General Notes
: ----- List of Drawings
General Notes
i ‘... Rebar Shape Codes
El--- Footing Layout Plan
‘. Footing Layout Plan
E]--- Footings Table
- Footings Table
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By clicking on any of the options from the detailing tab, a desired detailing can be
displayed. For instance, by double clicking on the ‘Footing Table’, the following

detail of footing can be shown.



FOOTINGS TABLE

SR.NO. |TYPE NOS Lx LY T REBARS-A REBARS-B
1 Fi . 5500 1500 05001 .43 g.43
e Ly >
T
&
g
@
Eay
¥
e Bars-B b \
2
1] = ¥
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In this detail, the diameter of the reinforcement which is used is 10mm. If you want
to change the diameter....

Apart from this detail, other details can also be shown.
STEP 11: Reporting

The last step of foundation design is reporting. Before creating the report, the
report preferences should be set up. To do this, go to the ‘File’ menu and click on
‘Report Set-up...” and the following window pops up.

In this ‘Report Setup Data’ window, the user preferences regarding the reporting
such as the report output type, the report page orientation and the report items can
be set along with the load patterns and load combinations. Once the preference is
set, the report can be created by clicking on ‘Create Report’ command in the ‘File’
menu. The ‘Advanced Report Writer’ command in the same menu can be used to
set some advanced reporting formats.



This concludes the tutorial for the design of single footing using a model
imported from AutoCAD.

f 188 Report Setup Data m

Report Contents File

© Defaut File

() User Spectfied

J B e
Table Format Fie (Used Only When A Table Fornat File Is Not Specfied In The Report Contents Fie)
[Program Defaut Browse...

Report Output Type Load Pattems (Model Definition) Report Units Set

@ RTFFie (Microsoft Word) [ Select Load Pattems... ] © Curent Unis Set

©) HTML Fie (intemet Explorer) 20f 2 Selected Named L

O [ad Iutae Load Cases/Combos (Resuks) {

© Text Fie (No Pictures) [ SelectLoad Cases/Combos.. |

) Text File With No Spits (No Pictures) 2of 4 Selected
Report Page Orientation Output Options

© Portrat © Landscape [ Modéy/Show Output Options... |
Report items Report Group

[@] Include Cover Page (Based on Project Information) [ALL v]

[7] Include Hyperinked Contents (RTF and HTML)

[7] Include Fiter Crteria String Beneath Table Teles
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Design of Mat Foundation

Week 7-9



4.

Mat Foundation

In this part of the tutorial, a mat foundation will be designed by using an imported
model from AutoCAD. This is an advantageous procedure because geometrical
asymmetries, different sizes of columns and different loadings can be
accommodated by drawing a single AutoCAD drawing. Designing mat foundations
from the built-in model is beneficial when the column dimensions and loadings are
identical which may not often be the case. Thus, this procedure of designing
foundations will not be considered in this tutorial. Of course, there is a possibility
for modification of the inbuilt model once it is created. And creating mat
foundation models by using grids may involve creating several grid lines especially
when the geometry is asymmetrical and column dimensions are not identical. Thus,
this way of creation of models will not be discussed. However, if these ways of
creating the model are mandatory, the procedure of creating is no different from
that of combined foundations which are discussed eatlier.

[osl

l

-

o]

(6% o

Design the mat foundation shown below with the given parameters:

45 - 45 - 45 45 l 2 iR
. T T
¥ Thda =T
‘ ] [ ‘] ] O—— Columns Dmcm"’"‘Az:eﬁﬁnz o My(kNm)
'; =) [1-—0 l_“) = ‘ (m) | o (kNm)
1 0.40x0.40 | 500 70 100
) 2 loaoxoa0| 700 | -10 75
&l 4 _ |o4ox0d0| s0 | -e0 | 65
4 0.40x0.40 | 700 50 60
5 0.50x0.50 | 1000 -5 20
= —_ m e 1 10 3 0.40x0.40 | 700 &5 65
g g T 14 \i 7 0.45x0.45 | 900 55 5
; 8 | 050x0.50 | 1200 15 20
9 0.45x0.45 | 900 -45 -10
4 10 0.40%0.40 700 50 55
11 0.50x0.50 1000 10 25
12_[040x040| 700 | 50 | -60
13 | 040x0.40 500 50 -75
O | O _——.[ 14 | 040x040| 700 | 10 | -0
6 9 12 15 i | 15 0.40%0.40 | 500 20 %0

*  Ultimate bearing capacity of the soil : 100kN/m?

*  Maximum allowable settlement of the foundation: 10mm

*  Grade of concrete: C-25 (25MPa 28-day characteristics cube strength)

*  Grade of reinforcement bar (rebar): S-400 (400MPa characteristics yield strength)
*  Ouverall thickness of the foundation: 1000mm

*  Concrete cover : 50mm

o Al the given loads are factored (nltimate) loads.

STEP 1: Creating the Model




To create a footing model from an AutoCAD file, first draw the plan view of the
foundation on AutoCAD. In this case, a rectangle with dimension of 10mX20m
and a number of squares representing the foundation columns. When you draw the
plan view on AutoCAD, make sure that you are drawing it on a new layer. If you
want the origin of the SAFE mode to coincide with the center of the circular
foundation, make the center of the circle coincide with the global origin of the
AutoCAD file when you draw it. Then save the AutoCAD file in DXF format. To
save an AutoCAD file in DXF format, go to ‘File’ menu in the AutoCAD file and
click on ‘Save As’. At the bottom of the upcoming window, just below the text
field where you will enter the file name, you will see ‘Files of type’ with a drop-
down menu list. From the drop down menu list, select the option which has ‘(.dxf)’
at the end. Then enter the file name and save it at any location in your computer
where you can easily remember close it. This saves the file in DXF format.

Once you saved the AutoCAD file in DXF format, open the SAFE software and
when you use the command ‘File’>Import’>"DXF/.DWG Architectural Plan’
or when you simultaneously click on ‘CtrI'+’Shift’+’I’ keys, and you will be
prompted to open a file. Open the DXF file from the location where you saved it
and the following window will pop up.

In this window, just change the ‘CAD Drawing Units’ to ‘m’ since in the
AutoCAD file is the model is drawn in meter units. Then press ‘OK’.



—CAD Entities Import

CAD Drawing Units

& Overwrite existing CAD entities v
€ Add to existing CAD entities
~Drawing Origin and Scale
Global X Ordinate o m
Global Y Ordinate IO m
Rotation o Degrees
Scale Factor [1
[~ Center Line Creation for Beams/Walls
¥ Add Center Lines
Max. Distance Between Parallel Lines !1 m
Min. Distance Between Parallel Lines 0.01 m
1
OK | Cancel
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Then, the following model appears in the plan view.
O O ] O] ilg
O & H £l O
O I ] O IT]
A

Figure 223




After the model is created, the preferences regarding the units, the design codes

and concrete cover should be entered. To change the units, click on ‘Units...’
button which is found in the right bottom corner of the main window and the
following widow will pop up. In this window, click on ‘Metric Defaults’ and press

‘OK’ as we will be using metric units. If you want to use U.S. units click on ‘U.S.
Defaults’ and if you want to use a particular metric or U.S. unit consistently click
on ‘Consistent Units...” and select that particular unit which you want to use

consistently.
uns 21X
File
Quick Units
U.S. Defaults Metric Defaults Consistent Units...
Units
Item Units Units Label Decimal Min. Sig. Zero Always Use |
Places Figures Tolerance E Format

Structure |
Coordinates KN, m, C m 5 2 1.0000E-20 No
Absolute Distance KN, m, C m 5 2 1.0000E-20 No
Relative Distance - 2 1.0000E-20 No
Angles 3 2 1.0000E-20 No

Section Dimensions ) |
Length KN, mm, C mm 3 2 1.0000E-20 | No
Area KN,mm,C | mm2 2 2 1.0000E-20 | No
Length4 KN, mm, C mm4 2 2 1.0000E-20 No
Rebar Area KN, mm, C mm2 3 2 1.0000E-20 |  No
Rebar Area/Length mm2/m mm2/m 3 2 1.0000E-20 No

Displacements | '
Translational Displ KN, mm, C mm 6 | 2 1.0000E-20 | No
Rotational Displ 6 | 2 1.0000E-20 | No

== |
Force KN, m, C kN 3 2 1.0000E-20 No
Force/Length KN, m, C kN/m 2 2 1.0000E-20 No
Force/Area KN, m, C kN/m2 2 2 1.0000E-20 | No
Moment KN, m, C _ kN-m B 2 1.0000E-20 | No
Mament/l ennth KN m kN-m/m 4 2 1 NNNNF-20 Nn _v_J

OK Cancel
Figure 224

To select the design code and other design preferences, go to ‘Design’ menu and
click on ‘Design Preferences...” and the following window will pop up. In the



‘Code’ tab of this window, change the ‘Design Code’ to ‘BS 8110-1997° or any
other code which you want to design the circular foundation with. In the ‘Min.
Cover Slabs’ tab, for ‘Non-Prestressed Reinforcement’ , both the ‘Clear Cover
Top’ and ‘Clear Cover Bottom’ should be set to 50mm as the concrete cover in
this design problem stated to be 50mm. The ‘Preferred Bar Size’ can be set to any
reasonable value. Here, the ‘Preferred Bar Size’ is set to #14 which is the bar
number which will be used as the main reinforcement in the foundation. Leave the
rest as they are and press ‘OK’.

Code l Min. Cover Slabs I Min. Cover Beams l P/T Stress Checkl

Design Code |BS 8110-1997

Resistance Factors:

Gamma Steel 1.15

Gamma Concrete 15
Gamma Shear 1.25

Reset Tab Defaults ]

Figure 225
STEP 2: Defining Material Properties

The materials which are involved in the design of the footing should be defined
before the analysis. These materials are the concrete, the reinforcement bar (rebar)
and the soil support. Thus, these properties will be defined here.

The material definition can be carried out in two ways.

The first one is through the ‘Define’ menu in the menu bar. The other one through
the model explorer on the left hand side of the home window. To define material
properties through the former method, click on ‘Define’ menu and again click on



>

‘Materials...” resulting in the following window depending on prior material

definitions.

The list in the ‘Materials’ box may not be exactly as it appears in your widow.
However, that doesn’t bring any change in the outcome of the design process as
you can customize this list any time.

The ‘Add New Material Quick...” button allows you to define materials quickly
from a list of pre-defined materials. The ‘Add New Material’ button allows you
to define materials by changing their properties. The ‘Add Copy of Material’
button allows you to define a material with same property as an already defined
matetial. The ‘Modify/Show Material’ button displays the property of an already
defined material with the possibility of modification. The ‘Delete Material’ button,
when active, deletes a defined material property.

Materials Click to:

A416Gr270
AB15GI60

Add New Material Quick...

Add New Material...

[
[
[ Add Copy of Material...
[

Modify/Show Material...

Figure 226

For this particular problem, we will add new concrete and a rebar materials using
the ‘Add New Material...” button. Thus click on this button and the following
window will pop up.

This is the window where concrete properties will be modified. Put any name for
the material in the text field in front of ‘Material Name’. But, it is important to
make sure that the concrete with the defined material name is assigned for the
footing. For this particular problem, let us use the name of the concrete as ‘C25’.
Since we are defining a concrete, the ‘Material Type’ should be set to ‘Concrete’.

The unit weight of reinforced concrete may vary depending of the design code of
your country. Thus, enter the unit weight of reinforced concrete stipulated in your



country code in the text field in front of ‘Weight per Unit Volume’. For this
particular example, we will use 25kN/m’.

’iﬂ Material Property Data Iﬂ—z_hj‘

General Data

Material Name c25

Material Type iConaete = }

Material Display Color Change... ]

Material Notes [ Mody/Show Notes.. |

Material Weight
Weight per Unit Volume 25 kN/m3

Isotropic Property Data

Modulus of Elasticity, E 29000 N/mm2
Poisson’s Ratio, U 0.2

Coefficient of Thermal Expansion, A 10E-06 1/C
Shear Modulus, G 12083.33333 N/mm2

Other Properties for Concrete Materials
Concrete Cube Compressive Strength, fou 25 N/mm2
[7] Lightweight Concrete

Figure 227

For C-20 concrete, the modulus of elasticity according to BS 8110-1197 is around
29GPa. Thus, enter this value in the text field in front of ‘Modulus of Elasticity,
E’. If you selected another design code in step 1 while creating the model, you
should refer to actual value of this parameter from the code and enter it accordingly.
Be aware of the units though.

The values of Poisson’s ratio and coefficient of thermal expansion may also be
defined in the design code and should be entered accordingly. For this particular
problem, a value of 0.2 for ‘Poisson’s Ratio, U’ and a value of 10x10°/°C for
‘Coefficient of Thermal Expansion, A’ will be entered. The ‘Shear Modulus, G’
will be automatically calculated in an un-editable text field.

The grade of concrete for this particular problem is C-25 which is a concrete with
28 day characteristics cube compressive strength of 20MPa. The concrete
designation may be different for different country codes but the concept is the



same. Therefore, enter 25 in the text field in front of ‘Concrete Cube
Compressive Strength, fcu’.

If a lightweight concrete is used, check on ‘Lightweight Concrete’ and enter the
corresponding ‘Shear Strength Reduction Factor’ in the space provided.

When you press on ‘OK’, a concrete material with the above properties will be
added to the list of materials. This material will be assigned for the footing before
the analysis.

After adding a new concrete property, the program returns to the window shown
in Fig. 226 To define a rebar property, we will follow the same procedure as we
followed while defining the concrete property. Since a new rebar property will be
defined, click on the ‘Add New Material...” button. A ‘Material Property Data’
window pops up and when you change the ‘Material Type’ to ‘Rebar’, the window
appears to look like the following.

189 Material Property Data lﬂﬂ_hj

General Data
Material Name S400

Material Type [ Rebar - ]

Material Display Color | Change... ]

Material Notes [ Modfy/Show Netes... |

Material Weight
Weight per Unit Volume 77.0085 lkN/m3

Uniaxial Property Data
Modulus of Elasticity, E 200000 N/mm2

Other Properties for Rebar Materials

Minimum Yield Stress, Fy 400 N/mm2
Minimum Tensile Stress, Fu 400 N/mm2
OK
Figure 228

Change the ‘Material Name’ to any name you want. Here, we name it ‘S400’. The
material type should be ‘Rebar’. The weight per unit volume of steel is stipulated
in the design code. For BS 8110-1197, the weight per unit volume is 77.0085kN /m”.
Thus, enter this value in the text field in front of ‘Weight per Unit Volume’. The
modulus of elasticity for reinforcement bars according to the same design code is
200GPa. Thus enter this value in the text field in front of ‘Modulus of Elasticity,

F’ concderinoe the nni+t



In the ‘Other Properties for Rebar Materials’ box, two quantities are mentioned:
minimum yield stress and minimum tensile stress for the reinforcing material. The
values of these parameters will be specified in the design code which you defined
earlier. If the code assumes that the rebar material exhibits elastic perfectly plastic
behavior, the values of these two quantities will be the same. The grade of steel to
be used for this particular example is S-400. The yield stress for this type of
reinforcement bar is 400MPa. Since the design code of my country assumes that
rebars exhibit elastic perfectly plastic behavior, the minimum tensile stress will also
be 400MPa. Thus enter 400 in both text fields in front of the ‘Minimum yield
stress, Fy’ and ‘Minimum Tensile Stress, Fu’. Then press ‘OK’ in both
‘Material Property Data’ and ‘Materials’ windows concluding the material
definition step.

The other property which should be defined is the soil support. To define the soil
properties, go to the ‘Define’ menu and click on ‘Soil Subgrade Properties’ menu
item and the following window appears.

159 Soil Subgrade Properties 2] X

Soil Subgrade Property Click to:

SOIL1 | Add New Property...

Modify/Show Property...

|
Add Copy of Property... |
|
|

Delete Property

OK
Cancel
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By using the buttons in this window, a new soil property or copy of soil property
can be added. An existing soil property can also be modified or deleted. For this
problem, let us add a new soil property by using the ‘Add New Property...’
button. Thus, click on this button and the following window pops up.



General Data
Property Name SOl
Property Notes [ Modify/Show Notes... |
Property
Subgrade Modulus 1E+04 kN/m3
OK ] [ Cancel
Figure 230

In this window, set the property name to ‘SOIL’ and change the subgrade modulus
to 10,000kN/m’. Because, the subgrade modulus which can be assume by the ratio
of the bearing capacity by the allowable settlement for this particular example is so.
Then press ‘OK’ in both the ‘Soil Subgrade Property Data’ and ‘Soil Subgrade
Properties’ windows.

STEP 3: Defining Footing and Column Properties

After defining the material properties, the footing and column properties can be
defined. This definition can take place in two ways: from the menu bar and from
the model explorer. In SAFE software, footings are modelled as ‘footings’ and
foundation columns are modelled as ‘stiff’.

To define footing and column properties from the menu bar, go to ‘Define’ menu
and click on ‘Slab Properties...”. The following window will pop up.

The ‘Add New Property...” button prompts the user to enter new properties for
the footing and foundation column while the ‘Add Copy of Property...” copies
the property of an existing slap. The ‘Modify/Show Property...” allows the user
to show the property of an existing component with the possibility of modification.
When the ‘Delete Property’ button is active, it allows the user to delete an existing
slab property.



124 Slab Properties 2| x|
~SlabProperty — | [ Clickto:
Add New Property... |
|
|
|
OK
Figure 231

In this case, we use the ‘Add New Property...” button to add new slab properties
for the footing and foundation column. Click the button and the following window
will pop up.

284 Slab Property Data IM
General Data
Property Name Mat
Slab Material [cas ==
Display Color I
Property Notes ( Modfy/Show... J
Analysis Property Data
Tipe
Thickness 1000 mm
Thick Plate [T] Orthotropic

Figure 232

The ‘Property Name’ can be assigned with any name; but, in this case, the property
name which will be used is ‘Mat’. The ‘Slab Material’ should be set to the concrete
grade which is defined in step 2. Since the name of the concrete material defined in
step 2 for this particular problem is ‘C25°, a material with this name should be
selected from the list.



In the ‘Analysis Property Data’ box, ‘Type’ should be set to ‘Mat’. The
‘Thickness’ value should be set to the thickness of the footing defined in the
example. Since the thickness of the footing is 1000mm, this value is entered in the
text field corresponding to “Thickness’. As footings are modelled as thick plates,
check the “Thick Plate’ option. The ‘Orthotropic’ check box is selected when a
footing with irregular dimension is to be used.

When you press ‘OK’, the ‘Slab Property Data’ window will be exited and the
‘Slab Properties’ window gets activated. Now, the property of the foundation
column will be added. To do this, again click on the ‘Add New Property...” button.
The following window appears after the click.

(ﬁ! Slab Property Data ‘ﬂﬂ-f
General Data
Property Name STIFF
Slab Materil [ces -
Display Color - Tge“.
Property Notes [ Madify/Show... ]

Analysis Property Data

Type Siff Z
Thickness 1000 mm
[¥] Thick Plate [7] Orthotropic

Figure 233

The ‘Property Name’ can be any name but we use ‘STIFF’. The ‘Slab Material’
should be set to the concrete grade which is defined in step 2. Since the name of
the concrete material defined in step 2 for this particular problem is ‘C25’, a material
with this name should be selected from the list.

In the ‘Analysis Property Data’ box, “Type’ should be set to ‘Stiff” as we are
defining the property of column. The ‘Thickness’ value should equal to the
thickness of the mat. As foundation columns are modelled as thick plates, check



the “Thick Plate’ option. The ‘Orthotropic’ check box is selected when a column
with irregular dimension is to be used.

When you press ‘OK’, the ‘Slab Property Data’ window will be exited and the
‘Slab Properties’ window gets activated. Again press ‘OK’ and exit the window for
defining the footing and foundation column.

STEP 4: Defining Load Patterns, Load Cases and Load Combinations

The loads on the foundation should be defined accordingly before the analysis.
First, the load pattern should be defined. This can be done from the ‘Define’ menu
or from the ‘Model Explorer’. This time, we will do it from the model explorer.
In the model explorer, expand ‘Load Definitions’ and you will see ‘Load
Patterns’. When you expand ‘Load Patterns’, you will see ‘DEAD’ and ‘LIVE’.
At the end, the model explorer appears to look like:

=

229 Model Explorer @
Model | Display | Detaifing

[=+ Model Definibons
[ Coordinate Systems

Iél--- Property Definibons
F- Matenals

#- Slab Propertes

=l

=)

----- Beam Properties

[#]-- Reinforcing Bar Sizes
----- Tendon Propertes

----- Column Properties

- Wall Properties

[+ Sod Subgrade Propertes

+|-- Pgint Spnng Properties

=

[#- Line Spring Properties

[
£

= Load Defintions

- DEAD
e LIVE

#- Load Cases

----- Load Combinations

- Groups

[} Objects

[#)-- Arez Objects (Slab, Wall, Ramp, Null

----- Line Objects {(Beam, Column, Brace, Null)
Tendon Objects

Slab Rebar Objects

Ei--- Design Stap Objects

[# Point Objects
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Now, right click on ‘Load Patterns’ and click on ‘New Load Pattern’ and the
following window pops up.



ﬁ! Load Patterns X

Load Pattems Ciick To:
Seff Weight Add Load Pattem
Load Type Mukiplier Notes 7—|
oo B8 1 Do o patom_|

LIVE LIVE 0

OK

Note: Double click cell in the Notes column to expand it
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In the ‘Load Patterns’ window, two load patterns are already defined: ‘DEAD’
and ‘LIVE’. The ‘Type’ of the ‘Load’ should also be changed accordingly. There
are many options for type of loading. The “Type’ for dead loads should be set to
‘DEAD’ and for live loads ‘LIVE’. If there are other types of load patterns on the
foundation such as earth quake load, you can add the load pattern with the ‘Add
Load Pattern’ button. You can also delete any undesirable load pattern using the
‘Delete Load Pattern’ button. Since in this example, we have only dead and live
loads, we will leave the existing load patterns as they are. The ‘Self Weight
Multiplier’ value should also be changed accordingly. This value imparts the option
whether to consider or ignore the self-weight of the foundation in addition to
external loads. If the self-weight of the foundation is already included as an external
dead load or if you want to exclude the effect of self-weight from the analysis, the
value under ‘Self Weight Multiplier’ should be set to zero. In this example, we
will consider the self-weight as an additional load to the external dead load. Thus,
the value under ‘Self Weight Multiplier’ for the ‘DEAD’ load is one. For the
‘LIVE’ load, it will be zero. Press ‘OK’ and the window will be exited.

After this, the load cases will be defined. Load cases are used to dictate the way the
loads are applied (statically or dynamically) or the way the structure responds
(linearly or non-linearly) for the defined load patterns. To define a load case, go to
‘Define’ menu and click on ‘Load Cases...”. The following window will pop up
after the click.



384 Load Cases [M

Load Cases Click to:
Load Case Name Load Case Type ( Add New Case... ]
Do oo [T —
= i [ Modiy/Show Case... ]

B Delete Case

Cancel
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The load patterns which were defined eatlier will automatically appear in the list of
‘Load Case Name’ of the ‘Load Cases’ window. The ‘Load Case Type’ column
shows the way in which each load pattern will be applied during analysis. If you
want to modify this, highlight the load pattern for which you are going to change
the load case type and click on the ‘Modify/Show Case...” button. If you click
this button, the following window will appear. In this window, you can change the
way the load is applied from the ‘Load Case Type’ box. The way the structure
responds can also be selected from the ‘Analysis Type’ box. This problem ‘Static’
is for the ‘Load Case Type’ and ‘Linear’ is selected for the ‘Analysis Type’ since
the load is static and the foundation responds linearly. The scale factor for the dead
load in the ‘Loads Applied’ box will be left as one. Press ‘OK’ and exit the window.

The load case type for the live load should also be ‘Linear Static’. Otherwise, it
should be changed by clicking the ‘Modify/Show Case...” button to linear static
case. If both the load case types are as desired click ‘OK’ and exit the ‘Load Cases’
window.



389 Load Case Data - Linear Static

Load Case Name Load Case Data Notes Load Case Type
DEAD ' [ Modfy/Show Notes.. | (State v] [ Desgn.. ]
Stiffness to Use Analysis Type
@ Zero Inttial Condttions - Unstressed State @ Lnear
¢ End of Nonlinear Ca © Nonlinear (Allow Upldt)
) Nonlinear (Cracked)
") Nonlnear (Long Temn Cracked)
Loads Applied
Load Name Scale Factor
» |DEAD )1
* | -
[ok ] [ Cancel

Figure 237

Definition of the load combinations will be the next step. Since the loads are
factored, only one load combination will be considered. To define load

combination, go to ‘Define’ menu and click on ‘Load Combinations...” and the
following window pops up.

ia Load Combinations &Iﬁl
Combinations Click to:
( Add New Combo... |
B [ Add Default Design Combos... |
ok | [ Cancel |

Figure 238



New load combinations will be added through the ‘Add New Combo...” button.
The load combination which will be considered is factoring only the self-weight
which is considered as a dead load and the other factored loads will be considered
as live loads for convenience and the scaling factor for the live loads will be one.
When the ‘Add New Combo...” button is clicked, the following window appears.

i
|
General Data
Load Combination Name COMB1
Combingation Type [LinearAdd vJ ‘
Notes [ Modify/ShowNotes |
Auto Combination ‘ No
Define Combination of Load Case/Combo Results
Load Name Scale Factor
DEAD El1.3

LIVE i

4| 4

Design Selection

[¥] Strength (Ultimate) [T] service - Normal
[] service - Initial [C] service - Long Term
oK | [ cancel
Figure 239

In the ‘Load Combination Data’ window, any name can be given for the load
combination. The ‘Combination Type’ should be set to ‘Linear Add’ as the
component loads (dead and live) will be added linearly. However, there are also
other options from the drop down menu in front of ‘Combination Type’. In the
window shown in Fig. 239, the two loads (dead and live) should be activated below
the ‘Load Name’ column of the ‘Define Combination of Load Case/Combo
Results’ box. The values in the ‘Scale Factor’ column correspond to the partial
safety factors for load for the failure mode under consideration. These partial safety
factors are specified in the design code of your country. In the design code of my
country, the partial safety factor for dead loads for ultimate limit sate case is 1.3 for
the case where there are only dead and live loads. For such load patterns, the partial



safety factor for live loads for ultimate limit sate case would have been 1.6. But, in
this case, since the loads are already factored and for convenience reason since the
factored loads are considered as live loads, a scaling factor of unity will be used.
Thus, enter a value of 1.3 in front of ‘DEAD’ and 1 in front of ‘LIVE’ in ‘Scale
Factor’ column. The failure condition which is being under consideration can be
defined by selecting and deselecting the check boxes in the ‘Design Selection’ box.
The serviceability limit state will not be considered for this case.

STEP 6: Drawing the Footing Components and Design Strips

The footing, the foundation column and a point where the loads will be applied on
the foundation column should now be drawn on the grid.

k. Drawing the mat
The footing will be drawn as a rectangular slab. Thus, go to the ‘Draw’ menu
and click on ‘Draw Rectangular Slabs/Areas...” or click on the equivalent

icon Dfrom the left hand side tool bar and the following window will pop

up.
258 Draw Rectangular Slabs/Areas ® S
Type of Object Slab
Property Mat
Figure 240

Make sure that the ‘Property’ is set to ‘Mat’ and click at one corner of the
footing. Then, without releasing the click, drag into the opposite corner and
release the click. This draws a rectangular footing,.

vi. Drawing the foundation column
While the window in fig 240 is active, change the ‘Property’ to ‘STIFF’ and
draw the three columns by following a similar procedure which you used
while drawing the footing.

vit. — Drawing the points on the foundation columns where the load will be applied
Go to ‘Draw’ menu and click on ‘Draw Points’, then click on the mid-point
of each of the footing and the pointss will be created. If the cursor could not
snap to the midpoint, you can adjust the ‘Snap Options’ from the ‘Draw’

menu.

After this, the design strips will be drawn. Design strips determine the way in which
different quantities related to the reinforcement calculation are calculated. Forces
are integrated across the design strips. Thus, the larger the width of coverage of the



design strips within the given structure, the higher will be the calculated values of
the bending moments and shear forces. Thus, an optimum width of strip is required
compromising the safety and economical requirements. The width of the design
strip will be specified in the design code. According to the code of my country, the
width of design strips for combined foundations in the longitudinal direction
should cover the whole area of the footing. In this particular problem, the width of
the strips in x-direction is 1.8m. The design strips in the transverse direction will be
defined for each column and should extend to a distance of half the depth of the
footing from the face of the column on each side. These design strips in X and Y
direction are usually defined in SAFE software as layer A and layer B.

To draw the design strip, go to the ‘Draw’ menu and click on ‘Design Strips’ or

simply click on the equivalent icon 6frorn the left hand sided tool bar and the
following window pops up. Column strips of width 2m around each column will
be drawn in both directions. The remaining spaces between the columns strips will
be filled with middle strips.

Ej Draw Design Strips ? &

Type of Object Strip

Strip Layer A

Strip Design Type Column Strip
Start Width Left [m] 1

Start Width Right [m] 1

End Width Left [m] 1

End Width Right [m] 1

Figure 241

In this window, the ‘Strip Layer’ should be selected to be either ‘A’ or ‘B’. But if
‘A’ is for design strip in X direction ‘B’ should be for Y direction and vice versa.
The window in fug 241 is for the column strip in Y direction. The column strip in
X direction can be drawn by just changing the ‘Strip Layer’ to ‘B’. The ‘Draw
Design Strips’ windows for middle strips in X and Y directions are shown in fig.
242(a) and fig. 2242(b) respectively.



Ei Draw Design Strips [ ? &j Ei Draw Design Strips l_@_léj‘

Type of Object Strip Type of Object Strip
Strip Layer A Strip Layer B
Strip Design Type Middle Strip Strip Design Type Middle Strip
Start Width Left [m) 1.25 Start Width Left [m] 1
Start Width Right [m] 1.25 Start Width Right [m] 1
End Width Left [m) 125 End Width Left [m] 1
End Width Right [m] 125 End Width Right [m) 1
(b) ()
Figure 242

You can display the design strips by setting the display options by clicking on ‘Set
Display Options...” from the ‘View’ menu or by simultaneously clicking on ‘Ctrl’
and ‘W’ keys or by just clicking on the set display options icon ¥ from the tool
bar below the menu bar. This results in the following window:

r Al
E’ Set Display Options - - M
Point Objects Tendon Objects ltems Present In View
[] Labels abels V| Slab (Area)
Line Objects C V
Slat 3 V| Design Strip Layer A
Slab Rebar Objects SR i

[¥] Design Strip Layer B

Area Objects Design Strip Objects b [¥] Soil Supports

[] Labels [¥] Labels o .
[ Properties [¥] Show Width /] Points
[ Local Axes [¥] Show Stations V] Invisible 0 ectural Lay
[] Siab Edge Releases [] Horizon
"] Siab Vetical Ov-ﬂsets Options View by Colors of: [ Apply To All Windows
(] Siab intemal Ribs [7] Shrink Objects @ Objects
S oo Flopaes [7] Extrude View ") Section Properties
‘ B [V] Fill Areas ") Material Properties
y [¥] Show Area Edges ) Selected Groups
[F] S Properties IS e :
Figure 243

Then, check on ‘Labels’, ‘Show Width’ and ‘Show Stations’ in the ‘Design Strip
Objects’ box and press ‘OK’ and after drawing dimension lines by using the



command ‘Draw’>’Draw Dimension Lines’, the following window appears
displaying the design strips in the two directions.

Figure 244
STEP 7: Assigning Slab Data, Support Data and Load Data

The slab data, support data, and load data which are defined in the previous steps
should be assigned to the corresponding structural component. The way to do this
is first to select the component and next to assign the slab property, support
property or loads accordingly. The selection can be done by clicking on the
component from the plan view or through the ‘Select’ menu. The latter option
assures that the component is selected exactly as selection by clicking may result in
incorrect selection. Thus, all the selections here will be done from the ‘Select’
menu. The assignments will be discussed as follows:

g Assigning support data to the footing
Select the footing through the following strings of commands
‘Select’>’Select’>"Properties’>’Slab Properties...”. Then select ‘FOOTING’
and press ‘OK’. Then assign the footing property through the following strings of
commands ‘Assign’>’Support Data’>’Soil Properties...”. Then select ‘SOIL’
and press ‘OK’.

h.  Assigning reinforcement data to the design strips
Select each design strip through the following strings of commands
‘Select’>’Select’>"Properties’>Design Strip Layers...”. Then select ‘A’ or ‘B’



2

(one at a time) and press ‘OK’. When you right click on the selected strip layer, the
‘Slab-Type Area Object Information’ window pops up. In the ‘Design’ tab of
this window, set the ‘Rebar Material’ to ‘S400’ and press ‘OK’. Do this for all
strips.

Assigning load on the foundation column

To assign load on the foundation column, right click on the point at the center of
the foundation column and a ‘Point Object Information’ window pops up. In this
window, click on the ‘Loads’ tab.

The dead load and the live load can be assigned through the ‘Assign Load...’
button. The procedure is: click on ‘Assign Load...” button, then select ‘Force
Loads’ then press ‘OK’ then select either ‘DEAD’ or ‘LIVE’ depending on which
loads you want to enter their values then enter their values accordingly (both the
concentrated load and the bending moment) and in the right direction (axis), then
select ‘Add to Existing Loads’ and press ‘OK’. While doing this, the foundation
column dimensions should be entered in the ‘Size of Load for Punching Shear’
box of ‘Point Loads’ window.

324 Point Object Information L2 |
Point Object Name 25
Assignments | Geometry Loads Design ‘
Load Pattem LIVE Assign Load...
Point Loads
Force in Gravity Dir (-Global Z) {kN) 500
Moment about Global X Axis (kN-m) 70
Moment about Global Y Axis {(kN-m) 100
Load Size X Dimension {mm) | 400
Load Size Y Dimension {mm) 400
0K
Cancel

Figure 245



You can also delete any forces which are wrongly entered through ‘Delete
Existing Loads’ radio button option. In this example, for column 1, since the
factored concentrated load is 500kIN and since the bending moments about x-axis
and y-axis respectively are 70kNm and 100kNm, these values are entered in the
Gravity Direction for the concentrated load and along the respective axes for the
bending moment and the final values are shown in the above figure. The loading
for the rest columns will be entered in a similar way.

STEP 8: Running the Analysis

After this, the analysis can be run. But, make sure that the footing and the
foundation column are assigned with the correct rebar material. To do this, right
click anywhere in the plan view of the footing and the ‘Slab-Type Area Object
Information’ window will pop-up.

-
553 Slab-Type Area Object Information ‘ 7 |-

Area Object Name 1

Assignments | e | ‘ Design

Design This Slab Yes

Ignore PT for Design No
Rebar Material 5400 [ Bemi )
Slab Cover Source Design Preferences

Reduced Live Load Factor 1

Cance!

Figure 246

In the ‘Design’ tab of this window, set the value of ‘Rebar Material’ to ‘S400’.
Do this for all column foundations, and all design strips as well. After this, go to
the ‘Run’ menu and click on the ‘Run Analysis’ command.

STEP 9: Displaying the Output



Once the analysis is run, the output will be displayed. Particularly, the punching
shear design is of great importance as the footing cannot be designed without the
punching shear requirement being adequately satisfied. To do this, go to the ‘Run’
menu and click on ‘Run Analysis & Design’ command or simply click on the ‘F5
key. When you do this, you will be prompted to save the model, if you haven’t
already don this. When you save the model, the following window showing the
displacement of the soil in a banded figure will be displayed.

Figure 247

To display the punching shear ratio, go to the ‘Display’ menu and click on ‘Show
Punching Shear Design’. After this, the punching shear ratio will be displayed in
the plan view around the foundation column as in the following figure.
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As can be noticed from the figure, the punching shear ratio is 0.164 for the first
column, N/C’ for the second, fifth and eighth columns. This usually happens
when the column dimension is not entered when the loads are assigned or when
the mat thickness is inappropriate. In this example, all the column dimensions are
entered correctly and the reason for the appearance of ‘N/C’ on some of the
columns is due to inappropriate mat thickness. For the rest columns, the punching
shear ratio is well below unity. Generally, a punching shear ratio less than one
indicates the concrete thickness is adequate to resist punching shear and a value
greater than one indicates that the punching shear capacity is exceeded somewhere
along the critical section. For economical design, it is recommended to keep the
punching shear ratio between 0.95 and 1 as very small values of punching shear
ratio means excess concrete thickness is used.

Thus, to get an acceptable punching shear ratio, change the thickness of the slab to

600mm. To do this, first unlock the model by pressing button [8 from the list of
buttons below the menu bar. Then, go to the ‘Define’ menu and click on ‘Slab
Properties’. After this, highlicht ‘Mat’ and ‘STIFF’ one at a time and click on
‘Show/Modify Properties’ button and change the value for “Thickness’ to ‘600’.

Atfter this, if you click on ‘Run’ > ‘Run Analysis & Design’, the following window
will appear.

Figure 249



If you click on ‘Display’ > ‘Show Punching Shear Design’, the following will be
displayed on the screen.
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Figure 250.

It can be seen from the above punching shear design diagram that all the punching
shear ratios are acceptable.

Through the ‘Display’ menu, relevant quantities can be displayed on the screen.
For instance, the ‘Display’>’Show Strip Forces’ command or by simply clicking
the ‘F8 key, the following window will be displayed.
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In this window, the ‘Load Case/Load Combination’ box provides with radio
buttons to select for which particular load case or load combination that we want
to display the output. The ‘Component’ box contains four radio buttons to select
which quantity to display. The ‘Show Forces For These Strip Layers’ box allows
us to select the strip layer for which the quantity is displayed. Both strip layers can
be selected at the same time. From the ‘Scaling’ box, we can select whether
automatic scaling or user defined scaling is used while displaying the diagram. The
‘Display Options’ box allows us to fill or not to fill the diagram and to display or
not to display the values on the diagram. For the preferences shown in Fig. 251,
the following diagram will be displayed.



Figure 252

The ‘Display’>’Show Slab Design...” command results in the window shown in
Fig 254. In this window, several options can be set in order to display the footing
design in the way we wanted to. The ‘Choose Display Type’ box allows us to
select the ‘Design Basis’ between ‘Strip Based’ and ‘Finite Element Based’.
Unless some differences in the way the design is displayed, there is no difference in
the amount of reinforcement between these selections. Through the ‘Display
Type’ in the same box, it can be selected whether to display flexural reinforcement
or shear reinforcement. This box also allows us to impose or not to impose
minimum reinforcement during the design. The ‘Rebar Location Shown’ box
allows us to select which reinforcement, top or bottom or both, to be displayed.
The ‘Reinforcing Display Type’ box allows us to set the manner in which the
amount of reinforcement is displayed. The option whether to show the reinforcing
envelop diagram and the reinforcing extent can be set by the check boxes in the
‘Reinforcing Diagram’ window. The strip layer direction for which the amount
of reinforcement is displayed can be chosen from the ‘Choose Strip Direction’
box. The ‘Display Options’ box allows us whether to display output in filled
diagram or not and whether the values at controlling stations will be displayed or
not. If we want to display the amount of reinforcement above some specified
reinforcement bar area or spacing, we can use the options in the ‘Show Rebar
Above Specified Value’ box. When the ‘Typical Uniform Reinforcing
Specified Below’ radio button is selected, the “Typical Uniform Reinforcing’
box get activated. In this box, we can set a specific value above which the



reinforcement amount will be displayed. The reinforcement diagram output, for the
options set in Fig. 253, will be shown below in fig. 254.
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The design outputs can also be displayed in tabular format by clicking on the ‘Show
Tables...” menu item from the ‘Display’ menu or by just clicking on the equivalent

icon E from the tool bar below the menu bar and the following window will

pop up.
s ; ‘ ) A
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Edit
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Figure 255

In this window, we can select any of the model definitions or analysis results or
design results and press ‘OK’ to display the quantity which we want to have a look
at. By using the right hand side buttons in the window, the load patterns and the
load cases can be selected.

STEP 10: Detailing

After running the analysis and after checking that the results are reasonable, the
detailing will be done. However, before running the detailing, the detailing
preferences can be set from the ‘Detailing’ menu. From the ‘Detailing
Preferences...’, the likes of dimensional units and material quantity units can be
selected. From ‘Slab/Mat Detailing Preferences...’, the likes of rebar
curtailment options, the rebar detailing options, rebar selection rules and preferred



rebar sizes can be selected. The ‘Drawing Sheet Set-up...” menu allows us to set-
up the contents of the drawing sheet. The ‘Drawing Format Properties...” allows
us to set some formats in which the output displayed.

>

To run the detailing, go to ‘Run’ menu and click on ‘Run Detailing...” or

simultaneously press ‘Shift” and ‘F5’ keys or just click on the run detailing icon

from the tool bar just below the menu bar. Then, the ‘Run Detailing
Options’ window pops up so that we set the detailing options. Set the detailing
options which you want and click ‘OK’.

Once the detailing is run, the detailing can be displayed. The detailing display
options can be best accessed from the ‘Model Explorer’. When expanded in full,
the ‘Detailing’ tab of the model explorer looks like:
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By clicking on any of the options from the detailing tab, a desired detailing can be
displayed. For instance, by double clicking on the ‘Rebar Plan’, the following detail
of footing can be shown.
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In this detail, the diameter of the reinforcement which is used is 10mm. If you want
to change the diameter....

Apart from this detail, other details can also be shown.
STEP 11: Reporting

The last step of foundation design is reporting. Before creating the report, the
report preferences should be set up. To do this, go to the ‘File’ menu and click on
‘Report Set-up...” and the following window pops up.

In this ‘Report Setup Data’ window, the user preferences regarding the reporting
such as the report output type, the report page orientation and the report items can
be set along with the load patterns and load combinations. Once the preference is
set, the report can be created by clicking on ‘Create Report’ command in the ‘File’
menu. The ‘Advanced Report Writer’ command in the same menu can be used to
set some advanced reporting formats.



This concludes the tutorial for the design of single footing using a model
imported from AutoCAD.
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Design of Pile and Pile Cap

Week 8-10



Here is the link to design pile and pile cap


https://www.youtube.com/watch?v=bAChWRTOlXY&list=PLxle8F-wJI7OjnpifedqKj5SoR1Ea5QoG&index=5

Practice, Review/Reserved
Day
Week 12-13



Lab Report Assessment, Self
study

Week 14-15



Lab Test, Viva, Quiz, Overall
Assessment, SKill
Development Test

(Competency)
Week 16-17



