Tutorial on LIRA-SAPR version 2014 Example 1

Example 1. Analysis of 2D frame

In this lesson you will learn how to:

— generate design model of 2D frame;

— deal with design options;

—fill in the DCF table and Load Editor table;

— determine reinforcement for elements of frame;
— design continuous beam;

— design column.

Description:

Model of the frame and its boundary conditions are presented in Fig.1.1.
Sections for elements of the frame are presented in Fig.1.2.

Material for frame — reinforced concrete B30.

Loads:

— dead uniformly distributed load g4= 2.0 t/m;
— dead uniformly distributed load g, = 1.5 t/m;
— dead uniformly distributed load g; = 3.0 t/m;
— live uniformly distributed load g, = 4.67 t/m;
— live uniformly distributed load gs = 2.0 t/m;
—wind load (from the left) Py = -1.0 t;

—wind load (from the left) P, = -1.5t;

—wind load (from the left) P; = - 0.75 ;
—wind load (from the left) P, = -1.125 t;
—wind load (from the right) P, = 1.0 {;

—wind load (from the right) P, = 1.5 ;

—wind load (from the right) P3 = 0.75 t;
—wind load (from the right) P, = 1.125 1.
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Figure 1.1 Model of the frame
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Figure 1.2 Sections for elements of the frame

Perform analysis for four load cases presented in the Fig.1.3.
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Figure 1.3 Load cases for the frame
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= On the taskbar, click the Start button, and then point to All Programs. Point to the folder that contains
LIRA SAPR /LIRA-SAPR 2014 and then click LIRA-SAPR 2014.

Step 1. Creating new problem
= On the FILE menu, click New (button L] on the toolbar).
= In the Model type dialog box (see Fig.1.4) specify the following data:
= problem name — Example1 (problem code by default coincides with the problem name)

= model type — 2 — Three degrees of freedom per node (translations X, Z and rotation Uy) X0Z.

=+ Click OK m .
x|

kadel type

v
2

|2 - Three DOF per node [ranzlations #, £ and ratation Ly] Klj

Problem name

Problem code IE:-:ampIe1

L+

Problem dezcription
[up to 265
characters]

Figure 1.4 Model type dialog box

L" It is also possible to open the Model type dialog box with a pre-defined type of model. To do this, on
the LIRA-SAPR menu (Application menu), point to New and click Model type 2 (Three DOF per node)
4

command i-"l-z One more way to do the same: on the Quick Access Toolbar, click New and in the drop-

down menu select Model type 2 (Three DOF per node) command JL: Then you should define only
problem name.

Step 2. Generating model geometry

= On the Create and edit ribbon tab, on the Create panel, point to Create regular fragments and grids
list and click the Create frame EI command.

= In the Create plane fragments and grids dialog box specify the following data:

= spacing along the first axis: spacing along the second axis:

L(i) N L(i) N
4 1 6 1
3 1 4 1.
= other parameters remain by default (see Fig.1.5).

= Click ApplyM .
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Figure 1.5 Create plane fragments and grids dialog box

To save data about design model:

= On the LIRA-SAPR menu (Application menu), click Save command H .
= In the Save as dialog box specify the following data:
= file name — Example1;
= |ocation where you want to save this file (Data folder is displayed by default).

= Click Save.

Step 3. Defining boundary conditions

To present numbers of nodes and elements on the screen:

&

= On the Select toolbar, click Flags of drawing button .

= In the Display dialog box, select the Element numbers check box on the Elements tab.

= On the Nodes tab, select the Node numbers check box.

= Click Redrawu.

The model with numbers of nodes and elements is presented in Fig.1.6.
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Figure 1.6 Design model with numbers of nodes and elements

To select nodes No.1 and 2:

= On the Select toolbar, point to Select nodes drop-down list and click Select nodes button &] .

= Select nodes No.1 and 2 with the pointer (the nodes will be coloured red).

-
l«" You can select nodes either with a single click or by dragging selection window around appropriate
nodes.

To define boundary conditions for nodes No.1 and 2:

= On the Create and edit ribbon tab, on the Stiffness and restraints panel, click Restraints button lé’ .

= In the Restraints on nodes dialog box (see Fig.1.7) specify directions along which displacements of
nodes are not allowed (X, Z, UY). To do this, select appropriate check boxes.

= Click Apply M (the nodes will be coloured blue).

Restraints on El
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Figure 1.7 Restraints on nodes dialog box

To define boundary conditions for node No.3:

= Select node No.3 with the pointer.
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= In the Restraints on nodes dialog box specify directions along which displacements of nodes are not
allowed (X, Z). To do this, simply clear the UY check box.

= Click ApplyM .

= On the Select toolbar, point to Select nodes drop-down list and click Select nodes button lﬁ] in order

to make this command not active.

Step 4. Defining design options

= On the More edit options ribbon tab, on the Design panel, click Design options for main model

command \._J .

= In the Design options dialog box (see Fig.1.8), define parameters for the first design option:

= in the Analysis of sections by list, select DCF;

= other parameters remain by default.

= Click Apply M i

Design options

— List of dezsign options

1. Design option 1

Set az cumrent one

— Edit design option

% |1_ B I_

|

M ame: IDesign option 1
Analyziz of zections by: IDI:F j
—RC analyzis

code

Buiding |5N|P 2.03.01-84" =] Coefficients |

— Steel analyziz

Building ErT T - -
g [SNIP I1-23-81 ~|  Cosflicients |

Figure 1.8 Design options dialog box

= To close the Design options dialog box, click the Close button.

Step 5. Defining material properties to elements of the frame

e
L" To analyse the model you should specify material properties for elements. Number of specified
material properties depends on FE type. These properties include areas of cross-sections, moments of
inertia for sections, thickness for slab and shell elements, modulus of elasticity and shear modulus,
moduli of subgrade reaction for elastic foundation.
Material properties are specified in the following way:
- first of all, input numerical data for material properties. Every set of data we will name as type of
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stiffness or simply stiffness. Certain number will be assigned to every type of stiffness;
- one of the stiffness types is set as a current stiffness type;
- then it is necessary to select elements to which the current stiffness will be assigned;

- to assign material properties of the current stiffness type to all selected elements, click Apply M .
To activate the Add stiffness dialog box, in the Stiffness and materials dialog box, click Add button
(the Properties tab should be active). The Add stiffness dialog box contains three tabs where you can
find the library of stiffness parameters. By default the tab with Standard types of sections is
displayed. On the other two tabs you can define parameters for standard steel sections and numerical
description of stiffness that corresponds to certain types of FE. You can also define non-standard and
thin-walled sections there.

To create material data sets:

o

On the Create and edit ribbon tab, on the Stiffness and restraints panel, click Material properties

"

o

In the Stiffness and materials dialog box (see Fig.1.9a), click Add. The list of standard section types
will be presented in the Add stiffness dialog box (see Fig.1.9b).

button

- fzsign to elements of the model Pnlefine parameters for new stiffness and add it to the 1 |
[~ Sliffress: " {35
[0 1. Rect. bar B03 40 = Ll
|z e |
o - Standard t f zecti
I~ Matsrials: sNP2o3OlBs Vet [ | % | i bttt L
Type: | Concrete; | Reinfarcement: | ? TI
1 bar 16825 1.4 — Rect. bar T-zection T-zection
Fropetties |RC | Stesl | :E
List of shffness types |-Section Channel Box
B 1. Rect. bar B0 = 40
T 0 2 T-zection 20 % 60 % %‘“I
Ring Beam Crozz
Addes Angle Aazymm. T-ze..  Asymm, T-ze...
Edit. .
Display...
C
i Rect. bar* |-zection®*
Delete
+s oxHt
Set az current bipe I
4 4
a b

Figure 1.9 Dialog boxes: a — Stiffness and materials, b — Add stiffness

Double-click the Rectangular bar icon in the list. The Define standard section dialog box opens. In this
dialog box you can define material properties for selected type of the section.

In the Define standard section dialog box specify the following parameters for Rectangular bar (see
Fig.1.10):

= modulus of elasticity — E = 3e6 t/m? (for the U.S. keyboard layout);
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= geometric properties — B = 60 cm; H = 40 cm.
= To preview schematic presentation, click Draw.

= To confirm the specified data, click OK M .
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Figure 1.10 Define standard section dialog box

= Then in the Add stiffness dialog box, double-click the T-section (table at the top) icon in the list.

= In another Define standard section dialog box, specify the following parameters for T-section (table at
the top):

= modulus of elasticity — E = 3e6 t/m?
= geometric properties — B = 20 cm; H =60 cm; B1 =40 cm; H1 = 20 cm.
= To confirm the specified data, click OK M .

= To hide library of stiffness properties, in the Stiffness and materials dialog box click Add unfold button.

To define materials for reinforced concrete (RC) structures:

e
L" The Reinforced concrete structures mode is mentioned to analyse reinforcement and design RC

bar and plate elements. Analysis and design procedures are carried out according to the following
building codes SNIP 2.03.01-84, TSN102-00, DSTU 3760-98, SP 63.13330.2012, DBN V.2.6-98:2009,
etc.
Material properties and parameters of sections should be defined when you generate design model.
Materials for reinforced concrete structures (classes of concrete and reinforcement) may be defined in the
mode of Model generation and in the Reinforced concrete structures mode.
There are four modules of reinforcement where it is possible to analyse reinforcement according to
ultimate limit states (ULS) and serviceability limit states (SLS).
- module bar;
- module wall-beam;
- module slab;
- module shell.

= To define parameters for reinforced concrete structures, in the Stiffness and materials dialog box, click
the second tab Reinforced concrete (RC).

= Select Type option and click Add.
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= In the General parameters dialog box (see Fig.1.11), define the following parameters for columns:
= in the Module of reinforcement list, select Bar;
= in the Reinforcement area, select Symmetric type of reinforcement;

= in the Design requirements for bars area, select Column regular option and clear the Do not
account design requirements check box;

= in the Analysis according to serviceability limit states area, select Diameter option;
= in the drop-down list, select diameter of reinforcement 25mm;

= in the Length of element, Effective length, select Effective length factor option;

= define parameters LY = 0.7, LZ=0.7;

= in the Comment box, type comment - Columns;

= other parameters remain by default.

=+ Click OK M .
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Figure 1.11 General parameters dialog box
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o

L

In the Stiffness and materials dialog box, click Add once again.
In another General parameters dialog box, define parameters for beams:
= in the Reinforcement area, select Asymmetric type of reinforcement;

= in the Design requirements for bars area, select Beam option and clear the Do not account design
requirements check box;

= in the Analysis according to serviceability limit states area, select Diameter option;
= in the drop-down list, select diameter of reinforcement 25mm;
= in the Comment box, type comment - Beams;

= other parameters remain by default.

Click OK li.’ .

In the Stiffness and materials dialog box, select the Concrete option.
Click Default (in this case, concrete B25 is accepted by default).
In the same dialog box, select the Reinforcement option.

Click Default (in this case, reinforcement A-lll is accepted by default).

To assign stiffness and material properties to elements of the frame:

o

o

L

On the Select toolbar, click Select horizontal bars button ll] . In this case, make sure that stiffness
2.T-section 20x60 is defined as current one in the list of stiffness types and in the list of current
materials the following data should be defined as current one: type — 2.bar, concrete class — 1.B25 and
class of reinforcement — 1.A-lll.

Select all horizontal elements of the model with the pointer (selected elements will be coloured red).

You can select elements either with a single click or by dragging selection window around
appropriate elements. When the Select horizontal bars command is active, you can drag selection
window around the whole model and only horizontal bars will be selected.

In the Stiffness and materials dialog box, click Apply M . The elements become unselected. It
indicates that the current combination of stiffness type and material is assigned to selected elements.

On the Select menu, click Select horizontal bars El in order to make this command not active.

In the Stiffness and materials dialog box, on the RC tab, select Type option and in the list of types of
material properties for RC structures, select the line 1.bar Columns.

Click Set as current type (In this case selected type of material properties will be displayed in the
Materials box in the Assign to elements of the model area. You can also specify the current type by
double-clicking the necessary type in the List of stiffness types.)

In the Stiffness and materials dialog box, on the Properties tab, in the List of stiffness types, click
the stiffness type 1. Rect. bar 60x40.

Click Set as current type (in this case selected type will be displayed in the Stiffness box in the Assign
to elements of the model area).

On the Select toolbar, click Select vertical bars button ll_["’ .

Select all vertical elements of the model with the pointer. The elements will be coloured red. (When the
Select vertical bars command is active, you can drag selection window around the whole model and
only vertical bars will be selected.)

In the Stiffness and materials dialog box, click Apply lﬁ]

On the Select toolbar, click Select vertical bars button ll_["’ once again in order to make this command
not active.
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Step 6. Applying loads

S
lf’ How to assign load case
It is allowed to define up to 300 load cases. Certain number and arbitrary name are assigned to every
load case. Load case may include any number of loads. To assign number and name to a load case, on

the Create and edit ribbon tab, select the Loads panel and click Edit load cases @I . In the Edit load
cases dialog box (see Fig.1.12) specify appropriate data. When you start a program, name Load case 1
is displayed by default.

How to define loads

To define loads on nodes and elements, on the Create and edit ribbon tab, select the Loads panel and
click appropriate command from the Loads on nodes and elements drop-down list. In the Define loads
dialog box (see Fig.1.13) specify appropriate data.

Define loads dialog box contains tabs where you can specify loads on nodes, bars, plates, solids and
super-elements, and loads for time history analysis. It is accepted by default that loads belong to the
same active load case; the number of this load case was specified beforehand. There is also a tabbed
page where it is possible to edit or delete loads of the active load case.

In the dialog box you can also specify coordinate system (global or local), direction of load (X, Y, Z), type
of static or dynamic load (static load is coloured brown, initial displacement — yellow, dynamic load — pink,
load for special FE turnbuckle — green). Menu of these buttons is changed automatically and depends on
the type of FE. When you click these buttons, you will see another dialog box where it is necessary to
specify parameters of load. Applied loads and effects will appear in the Current load field of the dialog
box.

x|

— Edit selected load caze

1 Loadcaszel
I arme

T | <]

Maodal loads: 0; Local lnads: 0

— List of load cazes

# | Load case name Type Motation |
1 Load case 1

o | lepls

b
wr o

b leplsb

Set az cument one |

Figure 1.12 Edit load cases dialog box

To define detailed information about load cases:

= On the Create and edit ribbon tab, on the Loads panel, click Edit load cases @] .The Edit load
cases dialog box is displayed on the screen (see Fig.1.12).

= Forload case 1 —in the Edit selected load case area, in the Type box, select Dead and click Apply

i
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= To add the second load case, in the List of load cases area, click Add load case (to the end) &I .
= Forload case 2 — in the Edit selected load case area, in the Type box, select Live and click Apply M

To add the third load case, in the List of load cases area, click Add load case (to the end) &I .

For load case 3 — in the Edit selected load case area, in the Type box, select Instant and click Apply

V]

To add the fourth load case, in the List of load cases area, click Add load case (to the end) &I .
For load case 4 — in the Edit selected load case area, in the Type box, select Instant and click Apply

V]

= To continue generating the first load case, in the List of load cases area, select the row 1. Load case 1
and click Set as current one. You could also define the current load case by double-clicking appropriate
row in the list.

e
l-f" Detailed information about load cases may be also defined when load cases are generated. In this
case, you have to define only the type of load case.

To create load case No.1:

I-I-.
-

= On the Select toolbar, click Select horizontal bars button

= Select horizontal elements No. 7 and 8.

. !
= On the Create and edit ribbon tab, select the Loads panel, then select Load on bars command Ej
from the Loads on nodes and elements drop-down list.

= In the Define loads dialog box (see Fig.1.13), specify Global coordinate system and direction along the
Z-axis (default parameters).

X
b1 LA | | |

— Loads on bars

— Coordinate zustem

& Global " Local

— Direction

L oy v 7
— Load type

A ) | —
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— Curresit laad
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Figure 1.13 Define loads dialog box

= In the Load parameters dialog box specify P = 2.0 t/m (see Fig.1.14).
= Click OKM .

x|
P |2 tim

[ Ignore offsets

= In the Load type area, click Uniformly distributed load button

[ Projective
s x| ?]

Figure 1.14 Load parameters dialog box

= In the Define loads dialog box, click Apply M .

Select element No. 9.
In the Define loads dialog box, click Uniformly distributed load button.

= In the Load parameters dialog box specify P = 1.5 t/m.
= Click OK M .
= In the Define loads dialog box, click Apply M .

Select element No. 10.
In the Define loads dialog box, click Uniformly distributed load button.

= In the Load parameters dialog box specify P = 3.0 t/m.
= Click OK M .
= In the Define loads dialog box, click Apply M .

To create load case No.2:

F
= To change the number of the current load case, click the Next load case button l_J located on the
Status bar or on the toolbar.

= Select element No. 7.

In the Define loads dialog box, click Trapezoidal load button

In the Load parameters dialog box, specify the following data: P1 =4.67 t/m, A1 =0.5m, P2=2.0 t/m,
A2 = 3.5 m (see Fig.1.15).

= Click OK.
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Figure 1.15 Load parameters dialog box (trapezoidal load)

= In the Define loads dialog box, click Apply M .

To create load case No.3:

A
= To change the number of the current load case, click the Next load case button l_J located on the

Status bar or on the toolbar.

L

Click OK.

L L

Select node No. 7.

Click OK.

L A

&

To create load case No.4:

= Change the number of the current load case and specify number 4.

= Select node No. 4.

In the Define loads dialog box, select Loads on nodes tab.

Specify Global coordinate system and direction along the X-axis.

In the Load type area, click the Concentrated load button M .

In the Load parameters dialog box specify P = -1 t.

In the Define loads dialog box, click Apply.

In the Load type area, click the Concentrated load button.

In the Load parameters dialog box, specify P =-1.5t.

In the Define loads dialog box, click Apply.

In a similar way, define the following loads:
= onnodeNo.6-P3=-0.75t%;
= onnodeNo.9-P4 =-1.125¢.

On the Select toolbar, point to Select nodes drop-down list and click Select nodes button @I .
Select node No. 4 with the pointer.

©2011-2014, LIRA SAPR. All rights reserved.
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In the Load type area, click the Concentrated load button.
In the Load parameters dialog box, specify P = 0.75 .
Click OK.

In the Define loads dialog box, click Apply.

L

= In a similar way, define the following loads:
= onnodeNo.6-P1=1t;
= onnode No.9-P2 =1.5t;
= onnodeNo.7-P4 =1.125t.

= On the Select toolbar, point to Select nodes drop-down list and click Select nodes button @I once
again in order to make this command not active.

Step 7. Generating DCF table
L]

lf According to building codes, it is necessary to analyse reinforcement, determine and check steel
sections by the most dangerous combinations of forces. That's why, to work further in Reinforced
concrete and steel structures mode, it is necessary to calculate DCF or DCL.
Calculation of design combinations of forces (DCF) is made according to criterion of extreme stresses at
specific points of element sections according to building codes (unlike calculation of DCL where
calculation is made by direct adding appropriate values of nodal displacements and forces in elements).

See also detailed description of DCF table (at the end of this document)

= On the Analysis ribbon tab, select the DCF panel and click DCF table button @I .

L]

lf As the type of load cases was defined in the Edit load cases dialog box (see Fig.1.12), the DCF
table is generated automatically with parameters accepted by default for every load case. Now you have
to modify parameters for the third and the fourth load cases.

= In the Design combinations of forces dialog box (see Fig.1.16), select building code SNIP 2.01.07-85*
and specify the following data:

= for Load case 3 —in the No. of group of mutually exclusive load cases box specify 1, then click
Apply M ;
= for Load case 4 (the same data as for load case 3) — in the No. of group of mutually exclusive load

cases box specify 1, then click Apply M ;
+  Click OK&] :

Page 16 of 26 www.liraland.com ©2011-2014, LIRA SAPR. All rights reserved.



Tutorial on LIRA-SAPR version 2014

Example 1

¥ Design combinations of forces (DCF

Building code I SMIP 2.01.07-85¢ j

Load casze Mo. |4 j Load

caze 4

Load caze wpe

# of group of integrated ID_

temporary load cazes

Account of sign wariability -

exclusive load cazes
## of the accompa- ID_ ID—
rying load
Load factar |-| Al
Duration coefficient IU.UU

Do mot consider fon analpsis bp 5SS [0

# of the group of mutually I_
1]

Hestrictions for eranes and brakes
(Erane I Brake _‘ 4| |

Ilnstantshnrt-term [?]j Jl Diefault... |

— DCF coefficients

# | 1 mair | 2 main |Speu:.[E] |S|:ueu:.[n

Surmmary table for DCF calculation:

| Load caze na... | DCF parameters

L.

1 Load caze 1 gpooooan
2 Lloadcaze 2 1000000
3 Loadcaze 3 Foo0100
4 Load cazed Foo1o00

<]

1 1000 100 090 1.
2 1000 095 080 0.

3 100, 090 050 0.

4 1000 o090 o050 0.

3

|

| DCF coefficients

0110 1.00 1.00 1.00 0.90 1.00
01.20 1.00 1.00 095 080 095
0140 0.00 1.00 050 050 080

0 1.40 0.00 1.00 0.90 050 0.80

Figure 1.16 Design combinations of forces dialog box

Step 8. Defining design sections for beams

= Select all horizontal elements on the model.

S
L" When you select nodes or elements on design model, you will see Contextual Tabs on the Ribbon
User Interface. Contextual Tabs expose functionality specific only to the object in focus. They remain
hidden when the object it works on is not selected.
Contextual Tabs are mentioned to work with nodes or elements of the model. They contain commands to
create and edit the model and can't be activated from Results, More results and Design ribbon tabs.

On the Bars contextual tab, on the Edit bars panel, click Design sections of bars button EI .

In the Design sections dialog box (see Fig.1.17), specify number of sections N = 5.

= Click Apply M (to design an element subject to bending, it is necessary to calculate forces in three or
more sections) and close the dialog box.

x|

Mumber of zections
N E
S x| 2]

Figure 1.17 Design sections dialog box
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Step 9. Defining structural elements

To define structural element BEAM:

= Select horizontal elements No. 7 and 8.

= To define structural elements, on the More edit options ribbon tab, select the Design panel and click

Structural elements button EI .

= In the Structural elements dialog box (see Fig.1.18), under Edit structural elements, click Create
(structural element BEAM is assigned in order to consider that it is precisely continuous beam).

To define structural element COLUMN:

= On the Select toolbar, click Select vertical bars button &l .
= Select elements No. 1 and 2.

= In the Structural elements dialog box, under Edit structural elements, click Create (structural element
COLUMN is assigned in order to consider that it is precisely solid column).

N Structural elements x|

— Diezign ophion:
I Foral Ma.: | j
— Edit structural elements

_. ......... I: reate ........ .\,| DElEtE |

na
4
A

— Unifization groups of STE

Eroup Mo I TI
¥ Mew group I‘I

Create I [Melete fram group |

Ma... | Stiffriess: | b aterialz: | G ... |
SE1 2 T-zection 20 ... 2bar1.B25,1.A-
SC2 1. Rect barB0... 1.bar1.B251.A

&

Figure 1.18. Structural elements dialog box

Step 10. Complete analysis of frame

= To carry out complete analysis of frame, on the Analysis ribbon tab, select the Analysis panel and in

G
the Analyse problem drop-down list, click Complete analysis .

Step 11. Review and evaluation of static analysis results

S
l--"f When analysis procedure is complete, to review and evaluate analysis results, select the Results
ribbon tab.

= In the mode of analysis results visualization, by default design model is presented with account of nodal
displacements (see Fig.1.19). To display the model without nodal displacements, on the Results ribbon

=)

tab, on the Deformations panel, click Initial model button .
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1

Figure 1.19 Design model with account of nodal displacements

To present diagrams of internal forces:

= To display diagram M, (see Fig.1.20), on the Results tab, select Forces in bars panel and click

M,
Moment diagrams (M,) button |
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Load case 1
Diagram Iy
Tnits of measurement - t*m

| tz 3

t}{ Ilirdvonn foree -2 49105

Delaarourn force 183432
Figure 1.20 Diagram of bending moments M,

L

= To display diagram Q. (see Fig.1.21), on the Results tab, select Forces in bars panel and click Shear

force diagrams (Q;) button &] .
= To display mosaic plots Q,, on the Results tab, select Forces in bars panel and click Mosaic plot of

forces in bars command L] in the Force diagrams/Mosaic plots drop-down list.
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Load rase 1
Diagrarn Oz
TInits of roeasurement - t
o
o
2
4
2 o
)
1 5

| 2 ]

z

b
’LH MWinirun force -4,19157
Iladrmm force 420845

Figure 1.21 Shear force diagram Q,

To change number of active load case:

= On the status bar (displayed at the bottom of the screen), in the Load case No. list, select No. 2 and

click Apply M .

To generate and review tables of analysis results:

= To present table with design combinations of forces in elements of the model, on the Results ribbon tab,

select Tables panel and click Standard tables @ in the Documents drop-down list.

= In the Standard tables dialog box (see Fig.1.22), select Design combinations of forces, design
values in the list.

= Click Apply (to generate tables in HTML format, select appropriate option). To generate table and work
further in Document Maker (DOC-SAPR module), select RPT format.
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Standard tables X

o THT " HTML " RFT

T able parameters |

Analyzsiz protocol
Displacements
Forces

DCF, design values

DCF, design walues [live]
DCF, normative values
DCF, nomative values [live]

Wiew |

Figure 1.22 Standard tables dialog box

o

To close the table, on the FILE menu, click Close.

Step 12. Review and evaluate results from analysis of reinforcement

-
l«“’ When analysis procedure is complete, to review and evaluate analysis results for reinforcement,

select the Design ribbon tab.

To present results from analysis of reinforcement:

o

To present information about determined reinforcement in a certain element, on the Select toolbar, click

Information about nodes and elements button li] and specify with a pointer any element on the
model.

In the dialog box that appears on the screen, select the Longitudinal reinforcement tab. This dialog
box contains complete information about selected element, including results for reinforcement.

To close the dialog box, click Close button.

To switch to the mode for presentation of symmetric reinforcement in rebars, on the Design ribbon tab,

select RC: Bars panel and click Symmetric reinforcement command EI in the Reinforcement drop-
down list.

To display mosaic plot for area of longitudinal reinforcement in the lower left corner of the section AU1,
click the Corner reinforcement AU1 button E’ (on the Design ribbon tab, the RC: Bars panel).

To display mosaic plot for area of longitudinal reinforcement in the lower right corner of the section AU2,
click the Corner reinforcement AU2 button Q] (on the Design ribbon tab, the RC: Bars panel).

To switch to the mode for presentation of asymmetric reinforcement in rebars, on the Design ribbon tab,

select RC: Bars panel and click Asymmetric reinforcement command E] in the Reinforcement drop-
down list.

To generate and review table with analysis results for reinforcement:

o

On the Design ribbon tab, select the Tables panel and click Analysis results tables for RC command

@] in the Documents drop-down list.
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= In the Tables of analysis results dialog box (see Fig.1.23), the following data is mentioned by default:
Reinforcement in bars option in the Elements area, option For all elements in the Create table area
and Text option in the Table format area.

= Click Table - on the screen (It is also possible to generate tables with analysis results in other formats
in the same way, just select appropriate format option).

Elements

Bl

Create table
% for all elements

" for selected elements

Table farrmat
" Interactive

™ Report

" HTML

&+ Teut

i Tahble on the soreen

3(|?|

Figure 1.23 Tables of analysis results dialog box

Design of beam for reinforced concrete (RC) frame

Step 13. Presenting drawing of the beam

On the Design ribbon tab, select RC: Rebars panel and click Design beam button lﬁ] .

= Specify element No.7 with the pointer (BEAM module will be presented in a separate window).
= In the BEAM module, click Analysis (button on the toolbar).
= To display diagram of design reinforcement, on the Results menu, click Material diagram (button ﬁl

on the toolbar).

= To display drawing of the beam, on the Results menu, click Drawing (button on the toolbar).

Design of column for reinforced concrete (RC) frame

Step 14. Presenting drawing of the column

On the Design ribbon tab, select RC: Rebars panel and click Design column button E] .

= Specify element No.1 with the pointer (COLUMN module will be presented in a separate window).
= In the COLUMN module, click Analysis (button on the toolbar).
= To display diagram of design reinforcement, on the Results menu, click Material diagram (button ﬁl

on the toolbar).

= To display drawing of the beam, on the Results menu, click Drawing (button on the toolbar).
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Design combinations of forces

Input data for DCF (design combinations of forces) calculation is defined automatically in LIRA-SAPR
program according to appropriate building codes.

To calculate DCF, the program determines extreme values for those components of stress-strain-state that
will be taken as the most dangerous criteria (DCF criteria) for this stress-strain-state. In this case, distinctive
features of stress-strain-state of different FE types are considered while number of DCF under consideration
is significantly reduced.

The extreme values of normal and shear stresses calculated in specific points of reduced* rectangular
section and extreme values of forces in section are taken as the most dangerous DCF criteria for bars. (* -
reduced section is taken to mean the section of arbitrary shape, transformed into rectangular section.)
Stresses calculated by Wood-Armer method are taken as criteria for elements of plane stress state, slabs
and shells.

The extreme values of stresses are taken as criteria for solids.

There are several rules for generation of DCF table:

— DCF parameters are specified for every load case of the problem;

— There are 9 types of load cases with which appropriate logical bindings are provided automatically. In this
case it is possible to take into account sign variability, mutual exclusion and accompaniment of load cases.
Every type of load case is assigned its code:

(0) — dead;

This classification slightly differs from normative one. For instance, snow load or ice load is not selected into
separate group. But you yourself can assign type of load case to them — either live or short-term as
stipulated in appropriate standards.

— The software automatically (by default) generates parameters for current type of load case. However, you
can edit these parameters later;

— DCEF table is generated in the Design combinations of forces (DCF) dialog box (see Figure 1.16);

— Data for DCF selection may be defined in the mode of creating design model (before analysis) or in the
mode of analysis results visualization (when analysis is performed).

-

lf’ Important. Term load case is used in the following cases:
Load case number — unique number specified by the user for certain group of loads acting on the model
simultaneously;
Type of load case — name of the load case type specified in LIRA-SAPR software.

Parameters of DCF

DCEF table should be compiled for all load cases defined in the problem. That's why the Load case No. box
is the first DCF parameter in the dialog. Sequence order of load case numbers may be arbitrary.

Every load case may have its name.

Number of the load case will be displayed in the first column of the summary table. You will see this table
either in complete version (in the lower part of the dialog box) or partially (in the DCF coefficients area). To
review DCF coefficients, use the vertical and horizontal scroll bars.

All DCF parameters are divided into two groups: DCF parameters and DCF coefficients.

DCF parameters include the following data:

— Load factors y;. By default, the following values are accepted:
dead load case y; = 1.1;

live ys=1.2;

short-term ys = 1.2;

crane and surge ys = 1.1;
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instant short-term y; = 1.4;
specific ys = 1.0.

— Duration coefficient yq. This coefficient allows you to single out the continuous part of load case. The
following duration coefficients are accepted by default:

dead and live load cases yg4 = 1.0;

short-term yg = 0.35;

crane short-term yy = 0.6;

other load cases Yy = 0.0;

— Accompanying load cases. There are load cases (not more than two) that may be considered together
with the main load case. For instance, if vertical crane loads are the main load case, then horizontal surge
load is accompanying load case.

This DCF parameter as well as the following two parameters is introduced to take account of logical bindings
between load cases.

— No. of group of mutually exclusive load cases. This parameter is used to impose limitations on load
cases that cannot act simultaneously. For instance, Wind from the right and Wind from the left are
considered as mutually exclusive loads.

— Account of sign variability. If this check box is selected, then the load case is included in DCF two times
- with its own sign and the opposite one. For instance, earthquake load.

The several limitations are imposed on the logical bindings between load cases:

a) dead (0) and crane (3) load cases cannot be variable in sign;

b) it is allowed to integrate only live (1), short-term (2) and instant (7) load cases;

c) surge (4) load case may accompany only crane (3) load case;

d) live (1), short-term (2), instant (7), earthquake (5) and specific (6) load cases can be treated as
accompanying;

e) double accompaniment (when the same load case accompanies two or more load cases) is allowed;
f) it is not allowed to include any accompanying load case into the groups of integration and mutual
exclusion;

g) user can create up to 9 groups of integration and mutual exclusion;

h) dynamic load case cannot accompany any other load case.

DCF coefficients

For every DCF, four combinations are considered: two main combinations, one special with earthquake
combination and one special except earthquake combination (see Figure 1.16). Coefficients of forces in
combinations y;, i = 1,2,3 are displayed in every row according to appropriate DCF.

Coefficient values are generated by default depending on the type of load case (see Table 1.1).

. L Special Special
Type of load case Main combinations combination combination
with except
1st 2nd earthquake earthquake
Dead 1.0 1.0 03 1
Live 1.0 095 0a 095
Short-term 1.0 090 05 03
Crane 1.0 0.80 0.0 0o
Surge 1.0 0.80 0.0 0.0
Earthquake U] 0 1.0 0.0
Specific {except earthquake) 0 Y| 0 1.0
Instant 1.0 049 05 08
Wind static 0 ] 0 0

Table 1.1. Values of DCF coefficients accepted by default

Summary table for DCF calculation is presented in the lower part of the dialog box.
Note that by default all coefficients for wind static load case are equal to zero. It is stipulated by specific
requirements for generation of wind load case with pulsation.
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Summary table is composed automatically as you define data in the dialog box. There are 13 columns in the
table. Names for every column are presented in Figure 1.24. The sample first row from the summary table is
also presented there.

No. and
name of DCF parameters DCF coefficients
load case
ab}
€., = g -
o | Ba w3 o = = ™ S
o | o8 2 = = = =
o] = (= =
[ el I = S| S ow . [ = =
= o E T o & a =] = = = ]
o | S8 @] -3 ool oo = R = = = o
El=Z| 2|5 Em|E®| 2 Z = ! @
S |22 @ = o 2|5 e i O = = [=
- | 2= = o oo 0T ez g - — - = &
5138 5| 2z 58|88 & | 5| Z & = %
S 5S|;n | 2= 5 |5 | - 0o = %
~|BE % s |o 2 2 o
o X o @ z |=Z = ]
= ]
1 0 0 0 0 1] 0 0 110 | 1.00 1.00 1.00 0.90 1.00

Figure 1.24 Columns of summary table for DCF calculation

To edit any parameter of summary table, modify its value it in the appropriate field in the upper part of the
dialog box.
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