Tutorial on LIRA-SAPR version 2015 Example 3

Example 3. Analysis of frame for industrial building

In this lesson you will learn how to:

— perform dynamic analysis of 2D frame;

— perform stability analysis of the structure;

— generate DCL table;

— determine and check steel sections of elements of the frame.

Description:

Model of the frame and its boundary conditions are shown in Fig.3.1.
Sections of elements:

— external columns — box of channel sections No. 24;

— internal columns — channel section No. 24;

— beam of floor slab — I-section No. 36;

— top chord of a truss — two angle sections 120 x 120 x 10;

— bottom chord of a truss — two angle sections 100 x 100 x 10;

— vertical and diagonal elements of a truss — two angle sections 75 x 75 x 6.

Loads:

—load case 1 — dead weight of elements of the model,
— load case 2 — live load,

— load case 3 — wind load,

— load case 4 — harmonic dynamic load,

—load case 5 — earthquake load.
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Figure 3.1 Design model
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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 2015 and then click LIRA-SAPR 2015.

Step 1. Creating new problem
= On the FILE menu, click New (button L] on the toolbar).
= In the Model type dialog box (see Fig.3.2) specify the following data:
= problem name — Example3;
= model type — 2 — Three degrees of freedom per node (translations X, Z and rotation Uy) X0Z.

= Click OK lﬁ] .
x|

kadel type

W
|2 - Three DOF per node [tranzslations ¥, £ and ratation Ly] Hlj 9

Problem name IE:-:ampIeS

[ Output data in certain directon

Problem description | ;I
[up to 255
characters]

[

Figure 3.2 Model type dialog box

lf’ 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 ;JLZ 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 3"2 Then you should define only
problem name.

L" To save all output data files for the problem in certain directory, select appropriate check box. The
directory name will coincide with the name of the problem. This directory will appear in the directory for
files with analysis results. This is helpful if you have to find output data files for certain problem, then
transfer these files or review and evaluate them with the help of Windows Explorer or other file managers.

Step 2. Generating model geometry
= On the Create and edit ribbon tab, on the Create panel, point to Create regular fragments and grids

drop-down list and click the Create frame Ej 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(m) N L(m) N
4 3 4 2

= other parameters remain by default (see Fig.3.3).

= Click Apply M .
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Figure 3.3 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 — Example3;
= |ocation where you want to save this file (Data folder is displayed by default).

= Click Save.

To present numbers of nodes and elements on the screen:

= On the Select toolbar (by default, it is displayed at the bottom of the screen), 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 Redraw ul .

To edit the model:

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

= Select nodes No0.10 and 11 with the pointer (the nodes will be coloured red).

S
l--"" You can select nodes either with a single click or by dragging selection window around appropriate
nodes.
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To delete selected nodes, on the Create and edit ribbon tab, on the Edit panel, click Delete selected
N

objects L2 . (Note that when you delete nodes, elements adjacent to these nodes will be automatically
deleted).

=
On the Select toolbar, point to Select elements drop-down list and click Select elements button U .

Select elements No. 3 and 5 with the pointer (elements will be coloured red).

e
1-" 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 Hinges E] .

= In the Hinges dialog box (see Fig.3.4), define nodes and directions along which there is no stiffness or

there is limited stiffness for the restraint between one of the bar ends and model node. To do this, select
appropriate check boxes:

= 2nd node — UY.
= Click Apply M .

Hinges NN x|

e ¢ |
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Figure 3.4 Hinges dialog box

To place the truss upon the frame:

L
= On the Create and edit ribbon tab, on the Create panel, click Create truss .

= In the Generate 2D truss dialog box, to select the truss by shape of the chord, press the button

AN

Then select web of the truss (in the second tab that becomes active). Click the upper left button.

with arch (segmental) truss.

When you define the web, the third tab of the dialog box is active. Define the following parameters of the
truss (see Fig.3.5):

= L=12m;
= Kf=6.
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To obtain representation of the truss with all dimensions, click Draw.

Under Coordinates of yellow node of truss, make sure that the Select node of fixation check box is
selected, and then select node No. 9 (coordinates of this node will be automatically displayed in the
dialog box).

= To place the truss upon the frame, click Apply M .

x
7 | |

— Parameters aof truzs

afaZ |0

Lz F
N F i
o m I

Coordinates of vellow node of tuss
Select node of fization

[ Y. z 0.

|7 Generate nodes at places of
intersection with other FE

Figure 3.5 Create 2D truss dialog box

To pack the model:

= On the Create and edit ribbon tab, on the Edit panel, click Pack model lE’ .

= In the Pack model dialog box (see Fig.3.6), click Apply M . It is necessary to pack the model in order
to ‘throw together’ coincident nodes and elements and to eliminate (that is, to remove completely)
deleted nodes and elements from design model.
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Figure 3.6 Pack model dialog box

The model shown in Fig.3.7 will be displayed on the screen.
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Figure 3.7 Design model of the frame with node and element numbers
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Step 3. Defining boundary conditions

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

= Select nodes No.1 and 4 with the pointer.

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

In the Restraints on nodes dialog box, specify directions along which displacements of nodes are not

allowed (X, Z, UY). To do this, select appropriate check boxes.

Click Apply lﬁ] (the nodes will be coloured blue).

Select nodes No. 2, 3 and impose restraints along X and Z. To do this, simply clear the UY check box.

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

= In the Design options dialog box (see Fig.3.8), define parameters for the first design option:

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

= other parameters remain by default.

= Click Apply lﬁ] .

Design options

x

— Lizt of dezign options
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Building o - -
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Figure 3.8 Design options dialog box

= To close the Design options dialog box, click the Close button.
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Step 5. Defining material properties to elements of the frame

To create material data sets:

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

4

button .

= In the Stiffness and materials dialog box (see Fig.3.9a), click Add. The dialog box expands to display
the library of stiffness parameters. In the Add stiffness dialog box (see Fig.3.9b), select the Database
of steel sections tab (the second tab).

LI Add stiffness x|

— Assign to elements of the model Define parameters for new stiffness and add it to the o |

il list:
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Figure 3.9 Dialog boxes: a — Stiffness and materials, b — Add stiffness

= Double-click the I-section icon in the list. The Steel cross-section dialog box opens. In this dialog box
you can define material properties for selected type of the section.

= In the Steel cross-section dialog box specify the following parameters for I-section (see Fig.3.10):
= in the Profile box. click ZAE¥YTGBp C HENAPannensHbIMK rPaHAKKU NONoK .

= in the shape box, click 36.
= Click OK.
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Figure 3.10 Steel cross-section dialog box

&

o

o

In the Add stiffness dialog box (see Fig.3.9), on the Database of steel sections (the second tab),
double-click the Box of channels icon in the list.

In the Steel cross-section dialog box specify the following parameters for Box of channels section:

= in the Profile box, click llgennep c yKNOHOM BEHYTPEHHHUX TPaHeld NONOK .

= in the shape box, click 24.

Click OK.

In the Add stiffness dialog box, double-click the Channel icon in the list.

In another Steel cross-section dialog box specify the following parameters for Channel section:

= in the Profile box, clic

i Weennep c yknoHOH BHYTPEHHUX TPpaHeil NoNoK .

= in the shape box, click 24.

Click OK.

In the Add stiffness dialog box, double-click the Double angle icon in the list.

In another Steel cross-section dialog box specify the following parameters for Double angle section:

= in the Profile box, click YTONOK PaBHONONO4HbIN

= in the shape box, click 120 x 120 x 10.

Click OK.

In the Stiffness and materials dialog box, in the List of stiffness types, select ‘4. Double angle
120 x 120 x 10'.

Click Copy two times.
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o

o

In the List of stiffness types, select ‘5. Double angle 120 x 120 x 10'.

Click Edit.

In another Steel cross-section dialog box specify the following parameters:
= in the shape box, click 100 x 100 x 10.

Click OK.

In the List of stiffness types, select ‘6. Double angle 120 x 120 x 10'.

Click Edit.

In another Steel cross-section dialog box specify the following parameters:
= in the shape box, click 75 x 75 x 6.

Click OK.

To hide the library of stiffness parameters, click Add in the Stiffness and materials dialog box.

To assign material properties to steel structures:

-

l/ The 'Reinforced concrete and steel structures' mode is mentioned to select and check bar
sections of steel elements according to SNIP 11-23-81, SP 16.13330.2011, DBN V.2.6-163:2010,
Eurocode 3.1.1 ENV 1993-1-1:1992 and LFRD 2nd edition (AISC). Analysis is carried out for one or
several design combinations of forces (DCF), design combinations of loads (DCL) or forces obtained from
the static analysis of structure. There are also checks for elements of plane stress state.

The selection and check procedures may be carried out for the following types of sections:

- truss elements and frame braces that are in axial compression and tension;

- beams that are in bending;

- columns that are in combined action of bending and compression.

The selection and check procedures may be carried out in two modes:

- mode for work with the model, in this mode analysis is carried out automatically for all elements defined
by the user;

- mode for analysis of a separate element (local mode), in this mode the user could make alternative
design for elements of structure, edit section dimensions, grade of steel, pattern of stiffeners, etc.
Section dimensions of elements and utilization percentage for bearing capacity of element sections
determined according to certain building code will be considered as analysis results.

In the Stiffness and materials dialog box, under List of stiffness types, click the stiffness type ‘1.1-
section 36'.

Click Set as current type. Selected type will be displayed in the Stiffness box under Assign to
elements of the model. You can also specify the current type by double-clicking the necessary type in
the List of stiffness types.

Then, to assign materials for steel structures, in the Stiffness and materials dialog box, select the Steel
tab (the third tab).

Select Material option and click Add.

In the Parameters dialog box (see Fig.3.11), in the Steel table list box, define the Ctanu no CHull IlI-
23-81*, dbacoH row. In the Steel list box, select steel C235 (it will be applied to all elements).

To confirm the data, click OK.
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K I Cancel

Figure 3.11 Parameters (for materials) dialog box

= In the Stiffness and materials dialog box, select Additional parameters option and click Add.
= In the Parameters dialog box (see Fig.3.12), define the following parameters for beams:

= under Element type, click Beam;

= under Data for buckling analysis, select the Use length factors check box;

= define the length factor for buckling analysis of beam Kb=0.33;

= inthe End conditions of compression flange of beam list box, select the 2 or more dividing the
span to equal parts line;

= under Deflection analysis, define maximum allowed deflection - 1/250;
= inthe Comment line, type Beams;
= other parameters remain by default.

= To confirm the data, click OK.
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Figure 3.12 Parameters (for beams) dialog box

o

&

o

In the Stiffness and materials dialog box, click Add once more.

In the Parameters dialog box (see Fig.3.13), define the following parameters for columns:

under Element type, click Column;

under Effective lengths, select the Use length factor check box;

define effective length factor relative to Z1-axis Kz=1;

define effective length factor relative to Y1-axis Ky=1;

define effective length factor for check by lateral-torsional buckling (calculation of factor Fb) Kb=0.85;

in the Comment line, type Columns;

other parameters remain by default.

To confirm the data, click OK.
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x|
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Figure 3.13 Parameters (for columns) dialog box

o

&

= To confirm the data, click OK.

In the Stiffness and materials dialog box, click Add once more.

In the Parameters dialog box (see Fig.3.14), define the following parameters for top chord of the truss:

under Element type, click Truss;

under Effective lengths, select the Use length factor check box;

define effective length factor relative to Z1-axis Kz=1;

define effective length factor relative to Y1-axis Ky=1;

under Ultimate slenderness, click chord or support diagonal of truss option;

in the Comment line, type Top chord;

other parameters remain by default.
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Figure 3.14 Parameters (for top chord of the truss) dialog box

= In the Stiffness and materials dialog box, click Add once more.
= In the Parameters dialog box, define the following parameters for bottom chord of the truss:
= under Element type, click Truss;
= under Effective lengths, select the Use length factor check box;
= define effective length factor relative to Z1-axis Kz=0.33;
= define effective length factor relative to Y1-axis Ky=0.33;
= under Ultimate slenderness, click chord or support diagonal of truss option;
= inthe Comment line, type Bottom chord;
= other parameters remain by default.

= To confirm the data, click OK.

= In the Stiffness and materials dialog box, click Add once more.

= In the Parameters dialog box, define the following parameters for truss web:
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s

= under Element type, click Truss;

= under Effective lengths, select the Use length factor check box;

= define effective length factor relative to Z1-axis Kz=1;

= define effective length factor relative to Y1-axis Ky=1;

= under Ultimate slenderness, click element of truss web (except support element) option;
= inthe Comment line, type Truss web;

= other parameters remain by default.

To confirm the data, click OK.

To assign material properties to elements of the frame:

o

In the Stiffness and materials dialog box, in the list of additional parameters for steel structures, select
‘1.Beams’. In this case stiffness ‘1.I-section 36’ should be defined as current type in the List of
stiffness types on the first tab.

Click Set as current type. Selected type of additional parameters will be displayed in the Materials box
under Assign to elements of the model. You can also specify the current type of additional parameters
by double-clicking the necessary type in the list.

On the Select toolbar, click Select horizontal bars button EI .

Select elements No. 7, 8 and 9 with the pointer. The elements will be coloured red.

In the Stiffness and materials dialog box, click Apply M . In the Warning box, click No. The
elements become unselected. It indicates that the current stiffness type is assigned to selected
elements.

On the SELECT toolbar, click Select horizontal bars E’ in order to make this command not active.

In the Stiffness and materials dialog box, in the list of additional parameters for steel structures, select
‘2.Columns’.

Click Set as current type.

In the Stiffness and materials dialog box, on the Properties tab (the first tab), select ‘2.Box of
channels 24’ in the List of stiffness types.

Click Set as current type.

On the Select toolbar, click Select vertical bars button lL["l .

Select vertical elements No. 1, 2, 5, 6 (external columns) with the pointer.

In the Stiffness and materials dialog box, click Apply M . In the Warning box, click No.

In the Stiffness and materials dialog box, under List of stiffness types, click the stiffness type
‘3.Channel 24'.

Click Set as current type.

Select vertical elements No. 3, 4 (internal columns) with the pointer.

In the Stiffness and materials dialog box, click Apply M . In the Warning box, click No.

In the Stiffness and materials dialog box, under List of stiffness types, click the stiffness type
‘4.Double angle 120 x 120 x 10'.

Click Set as current type.

In the same dialog box, select the Steel tab (the third tab) and in the list of additional parameters for
steel structures select '3.Top chord'.

Click Set as current type.
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Y

To select elements of the top chord, on the Select toolbar, click PolyFilter L] .

In the PolyFilter dialog box, select the Filter for elements tab (the second tab) (see Fig.3.15).
Select By FE numbers check box and specify numbers of elements 19 — 24.

Click Apply.

x|
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Figure 3.15 Filter for elements tab

= In the Stiffness and materials dialog box, click Apply M . In the Warning box, click No.

= In the Stiffness and materials dialog box, under List of stiffness types, click the stiffness type
‘5.Double angle 100 x 100 x 10'.

Click Set as current type.

In the same dialog box, select the Steel tab (the third tab) and in the list of additional parameters for
steel structures select '4.Bottom chord'.

Click Set as current type.

To select elements of the bottom chord, in the PolyFilter dialog box, on the Filter for elements tab,
select By FE numbers check box and specify numbers of elements 10 — 12.

=  Click Apply.
= In the Stiffness and materials dialog box, click Apply M . In the Warning box, click No.

= In the Stiffness and materials dialog box, under List of stiffness types, click the stiffness type
‘6.Double angle 75 x 75 x 6'.

Click Set as current type.

In the same dialog box, select the Steel tab (the third tab) and in the list of additional parameters for
steel structures select '5.Truss web'.

= Click Set as current type.
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To select elements of truss web, in the PolyFilter dialog box, on the Filter for elements tab, select By
FE numbers check box and specify numbers of elements 13 — 18.

Click Apply.
In the Stiffness and materials dialog box, click Apply M . In the Warning box, click No.

Close the PolyFilter dialog box.

Step 6. Changing FE types for elements of truss

&

&

¥ Change FE type x|

Select all elements of the truss.

;
On the More edit options ribbon tab, on the Model panel, click Change FE type li] .

In the Change FE type dialog box (see Fig.3.16), in the list of FE types, select FE type 1 - FE of 2D
truss.

Click Apply M .

Lizt af applied FE typesz Select |

=

— Select new FE type

e = Ta ja jab
FE tvpe 1 - FE af 20 truzs

FE type 2 - FE of 20 frame

FE type 10 - arbitrary 30 bar

FE tppe 55 - elastic zpring

FE type B0 - 2-node FE aof multi-layer elas
FE tppe 201 - phyzically nonlinear FE of &
FE tppe 202 - phyzically nonlinear FE of
FE type 207 - phwzizally nonlinear speciz
FE tppe 208 - phyzically nonlinear specia
FE type 210 - phuzically nonlinear arbitran
FE type 252 - 2-node FE of ane-way spril
FE tppe 285 - Z-node FE of elastic zpring
FE type 262 - 2-node FE of one-way elas
FE type 264 - Z-node one-way FE of fric
FE type 265 - Z-niode FE of one-way elas
FE type 308 - geometrically nonlinear zpe

FE tppe 309 - geometrically nl:unlineara_rl:ulj
4 I I »

J1x 2],

Figure 3.16 Change FE type dialog box

Step 7. Applying loads

To create load case No.1:

o

To define load from dead weight, on the Create and edit ribbon tab, select the Loads panel and click

Add dead weight MI .

In the Add dead weight dialog box (see Fig.3.17), click All elements and specify Load factor as equal
to 1.05 (as in SRS-SAPR (Steel Tables) module the unit weight is specified as normative value, it should
be converted to design value).

Click Apply M (uniformly distributed load equal to unit weight of elements is automatically applied to all
elements of the structure).
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Add dead weigh x|

Azzign dead weight ta:

" selected elements

" Laad factar

|1.I35

s x| 2]
Figure 3.17 Add dead weight dialog box

= Select nodes No.7, 8 and 9 with the pointer.
= On the Create and edit ribbon tab, select the Loads panel, then select Load on bars command

&I from the Loads on nodes and elements drop-down list.

= In the Define loads dialog box (see Fig.3.18), specify Global coordinate system and direction along the
Z-axis (default parameters).

x|
Y LA e | ¥

— Loads on bars
~ Coordinate system

i Global " Local

— Direction

i ® iy i 7
~ Load type

||
G | G

e, |

t2 "C - 1
1]
D B N ——
— Current load

[T} Z p=2 t/m - Uniformly distribute=—

1| I [

= In the Load type area, click Uniformly distributed load button l—J .

= In the Load parameters dialog box specify P = 2.0 t/m (see Fig.3.19).
= Click OK M .
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x|
P |2| tim

[ lgnore offsets

[ Projective
s1x]|?]

Figure 3.19 Load parameters dialog box

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

On the Select toolbar, point to Select nodes drop-down list and click Select nodes button @l .
Select nodes (where the truss is supported by the column) No.9 and 10 with the pointer.

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

L

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

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

In the Load parameters dialog box specify P = 12t.
Click OK.
In the Define loads dialog box, click Apply.

L L

&

Select other nodes of the top chord (nodes No.13-17) with the pointer. Then define concentrated load
equal to P = 24t on these nodes in a similar way.

To create load case No.2:

. Y

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

In a similar way perform the following:

= Select elements No. 7, 8, 9 and define uniformly distributed load P = 2t on these nodes.

= Select nodes No. 9, 10 and define concentrated load P = 2t on these nodes.

= Select nodes No. 13 - 17 and define concentrated load P = 4t on these nodes.

To create load case No.3:

. &

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

In a similar way perform the following:

= Select nodes No. 5, 10 and define concentrated load along global X-axis P = -1.5t on these nodes.

= Select node No. 9 and define concentrated load along global X-axis P = -2t on this node.

= Select node No. 8 and define concentrated load along global X-axis P = -1.125t on this node.

To create load case No.4:
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= Change the number of the current load case for 4.

To define nodal harmonic load:
= Select node No. 6.

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

D g
H
= In the Load type area, click the Nodal harmonic load button

&+

In the Nodal harmonic load dialog box (see Fig.3.20), define the following parameters of load:
= additional weight of mass at node — 2t;
= direction of load — X;
= |aw of load variation — cos;

load magnitude — 0.1t.

= Click OK M .

x|

Additional maszs at the node |2 t

— Direction of load

Lo oy iz

— Law of load wanation

™ T ™ 1
N e

&+ Cos L1

Load magnitude IEI.'I t

Phaze shift IU
v | x| _?]

Figure 3.20 Nodal harmonic load dialog box

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

= 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.

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.3.21).

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

|

= For load case 2 — in the Edit selected load case area, in the Type box, select Live and click Apply

|

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

4
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= For load case 4 —in the Edit selected load case area, in the Type box, select Specific / Occasional
and click Apply lﬁ] .
To add the fifth load case, in the List of load cases area, click Add load case (to the end) li] .

For load case 4 — in the Edit selected load case area, in the Type box, select Earthquake and click

Apply M .
x|

—Edit zelected lnad caze
5 Loadcazeh

Mame

Type IEarthquake j

Modal loads: 0; Local loadsz: 0;
Earthquake A01.01.2000/5F 14.13330.2011/ [35)

— Lizt of lnad cazes

| el

# | Load case name | Type | Motation | |
1 Load caze 1 Dead(0] a

2 Loadcase? Live(1] i

3 Load casze 3 [nztant] 7]

4 Load caze 4 Specific(B5] HARM

b Load caze & Earthquak... EART...

Set az current one |

Ll leplsls

Figure 3.21 Edit load cases dialog box

Define parameters for dynamic analysis of the frame
Step 8. Generating dynamic load cases from the static ones

To generate table for account of static load cases for harmonic load:

= On the Analysis ribbon tab, on the Dynamics panel, click Account of static load cases @ .

= In the Create dynamic load cases from the static ones dialog box (see Fig.3.22), under Generate
mass matrix according to, click Load case (code 1) and to create the first line of the summary table,
specify the following data:

= dynamic load case No. — 4;
= No. of corresponding static load case — 1;
= conversion factor — 0.9.

Click Add.

= To create the second line of the summary table, specify the following data:
= dynamic load case No. — 4;
= No. of corresponding static load case — 2;
= conversion factor — 0.8.

= Click Add.
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Create dynamic load cases from the sta x|

[Generate mazs matnx according to:

* - load case [code 1)

= - dengity of elements [code 2]

Dyramic load caze Mo,

Mao. of coresponding
static load caze

Corwerzioh factor

i

— Summary table:

Dynloa.. | Statloa.. Factor Code
4 1

0.a 1
1 03 1
2 0.a 1

N o
]

al [ ]

tod | Delste | Edt |

v x]|?|

Figure 3.22 Create dynamic load cases from the static ones dialog box

To generate table for account of static load cases for earthquake load:

= To create the third line of the summary table, in the Create dynamic load cases from the static ones
dialog box, specify the following data:

= dynamic load case No. — 5;
= No. of corresponding static load case — 1,
= conversion factor — 0.9.
= Click Add.
= To create the forth line of the summary table, specify the following data:
= dynamic load case No. — 5;
= No. of corresponding static load case — 2;

= conversion factor — 0.8.

= Click Add and then OK M .

S
L" Specified static load cases generate weights of masses for dynamic load cases.

Step 9. Generating table of dynamic load cases

To define parameters for load case No.4:

= On the Analysis ribbon tab, select the Dynamics panel and click Table of dynamic load cases button
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= In the Table of dynamic load cases dialog box (see Fig.3.23), define the following data:

= |oad case No. — 4,
= dynamic load type — Zonal harmonic (28);
= number of analysed mode shapes — 10.

= Click Parameters.

¥ Table of dynamic load cases x|

= s

Fararmeters row Mo, I1 =1 | | P |
o

Load casze MNa. |4 &R |
Dyramic load case wpe IZDnaI harmoric (28] j
Mumber of analyzed I-I 0
mode shapes Farameters
[{m, of caresponding I_ -
static [oad|zase

M ass matriz {+ Diagonal i Congiztent

Summary table of dynamic analysis:
# | L... | Load case name | Type | Load case v... | Cynamic type values
1 4 Loadcased HARM 28 100 00 0025 6.500 0.150
5 Loadcase5 EART.. 355000 1.0030001170.1207.001.00

2]

Figure 3.23 Table of dynamic load cases dialog box

= In the Harmonic (Parameters) dialog box (see Fig.3.24), define the following data:

= inelastic strength factor — K = 0.025 (steel);
= forced frequency of external action — 6.5 rad/sec;

= error in frequency determination — 15%.

* Click OK lﬁ] .

Harmonic (Parameters) x|

Inelastic strength factar of material

Forced frequency of external
IE.EEIEI
action, [rad/sec)
Errar in frequency determination 15.0 X
v x| 2]

Figure 3.24 Harmonic (Parameters) dialog box

To define parameters for load case No.5:

= Inthe Table of dynamic load cases dialog box (see Fig.3.23), define the following data:
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= Joad case No. —5;

= dynamic load type — Earthquake /01.01.2000/SP 14.13330.2011/ (35);

= number of analysed mode shapes — 5.

= Click Parameters.

= In the Earthquake analysis parameters dialog box (see Fig.3.25), define the following data:
= in the Coefficients from table 3 SNIP 1I-7-81* area, select the line K1=0.12;

= direction cosines of earthquake load resultant in global coordinate system — CX = 1,

= other parameters remain by default.

= Click OK lﬂ .
Building code ISNIF’ [1-7-81 [modified 07.07.2000) j
Correction factar for earthguake loads 1.00
Type aof structure I'I - civil, public and industnal j
Soil category G=1 -
Seizmicity of the zite 5=7 -

— Coefficientz from tables SHIP [1-7-81 [with amendmentz of 07.071.2000]
T able 3: T able 4 Table 3:

T able &:

| ~] | =l [K1=012 ~]

[Kpsi=1.00 =]

— Direction cozsines of earthquake load resultant in global zyztemn

o [tooo0 gy [ooooo cz 00000 merss ooy s 20z < 1

J| x| 2|

Figure 3.25 Earthquake analysis parameters dialog box

= In the Table of dynamic load cases dialog box, click OK.

Step 10. Defining design sections for beams

= Select horizontal elements No.7 — 9.

-
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 Ej .

In the Design sections dialog box (see Fig.3.26), specify number of sections N = 5.

= Click Apply M (to analyse the structure according to serviceability limit states, it is necessary to define

at least three design sections) and close the dialog box.
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|' Mumber of sechons

N|E
X ? |

Figure 3.26 Design sections dialog box

Step 11. Defining structural elements

e
L"' Structural element (STE) is a set of several finite elements that during design procedure will be
considered as a single unit. Elements that form the part of the structural element should have no gaps,
have the same stiffness type, should not be included into other structural elements and unification groups,
have common nodes and belong to the same line.

To define structural element BEAM:

= Select horizontal elements No. 7, 8 and 9.

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

Structural elements button w .

= In the Structural elements dialog box (see Fig.3.27), under Edit structural elements (StE), click
Generate StE.

¥ Structural elements x|

— Design option: = 9
™ Earal Mo I =
— Edit StE
Generate StE | Delete SIE | L | 4
— Unification aroups of StE
v Mew group |1 | Generate UGSIE I
il
Group o [ <] | Delete from UGSEE |
MName: | Stiffness: | Materials: | UG ..
SB1 1.Material 1.Beams
5T2 1.Material 3.Lov...
1 | »]

[ List for fragment

e

Figure 3.27 Structural elements dialog box

To define structural element TRUSS:
= Select elements No. 10, 11 and 12.

= In the Structural elements dialog box, under Edit structural elements (StE), click Generate StE.
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Step 12. Defining deflection fixities at nodes of bending elements

= Select elements No. 7, 8 and 9.

i
On the More edit options ribbon tab, on the Design panel, click Deflection fixities command l‘_] .

In the Deflection fixities dialog box (see Fig.3.28), select Create at nodes with NotSLA bars option in
the list. Then select Y1 and Z1 check boxes.

= Click Apply (deflection of element sections is determined relative to the line that connects fixities at the
ends of the element).

x|

" Drezign option

[~ Faral Mo I1

To create fisities in each of zelected bars at nodes where
it interzects the bars that are not coasial with thiz one,
click " Apply.

Fixitiez will be created in planes ¥, =2 aof local
coordinate systems of bars.

Select option:

Jl ¥ 1

'ﬁ‘- ¥ Z1

;

Figure 3.28 Deflection fixities dialog box

= To close the Deflection fixities dialog box, click Close.

Step 13. Generating DCL table

= On the Analysis ribbon tab, select the More calculations panel and click DCL button @] .

S
l-" As the type of load cases was defined in the Edit load cases dialog box (see Fig.3.21), the DCL
table is generated automatically with parameters accepted by default for every load case. Now you have
to modify parameters for the fourth and the fifth load cases and define combinations.

= In the Design combinations of loads dialog box (see Fig.3.29), select building code SNIP 2.01.07-85*
and for load cases 4 and 5, double-click the Sign variable cell and define +/- .
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¥ Design combinations of loads x|
SNIP 2010785+ =l

Load caze # M ame Type Sign wariable | Mutually excluzive | Load factor | Dwuration coef. + |

1 1 lloadcase 1 DeadD] N 11 10 ¢ |

2 2 Load caze 2 Live [L] + 1.2 1.0 lﬁ |

3 3 Load caze 3 Instant (1] + 1.4 0

4 4 Load caze 4 Specific [Sp) +/- 1.0 0

5 5 Load caze 5 Earthquake(E] +/- 1.0 .0 H

X
s 0000 o ?
>
Z main FD+L AShA(Cr+Sujal
Specific =
Specific [no E arthquake) Coefficients |

Add

Figure 3.29 Design combination of loads dialog box

= To define combinations, do the following steps:

= in the list of combinations, select the first row (1 main) and click Add.

= then in the list of combinations, select the second row (2 main) and click Add.

= in the list of combinations, select the row Specific (Earthquake) and click Add.

= in the list of combinations, select the row Specific (no Earthquake) and click Add. The columns with
coefficients according to applied formulas for combinations by SNIP 2.01.07-85 will be displayed in the

table.

= To save defined data, click Save data H .

= To close the Design combinations of loads dialog box, click Close.

-

l«-’ Design combinations of loads (DCL) are calculated as the sum of appropriate values of nodal
displacements and forces (stresses) in elements. These values are added according to building codes
(unlike calculation of DCF where extreme values of stresses at specific points of bar sections are used as
criterion for determination of dangerous combinations).

Step 14. Defining parameters for stability analysis of the frame

= To carry out stability analysis of the frame from DCL combinations, on the Analysis ribbon tab, select

the More calculations panel and click Stability button &] .
= In the Stability dialog box (see Fig.3.30), define the following parameters:

= select Stability analysis check box;

= to define the type of analysis, click by DCL option button;

= under Load cases, select All combinations check box;

= in the Number of buckling modes to be calculated box, define number 3.

= Click OK M .
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Figure 3.30 Stability dialog box

Step 15. Complete analysis of frame

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

iz
the Analyse drop-down list, click Complete analysis M .

Step 16. Review and evaluation of static & dynamic analyses results

L"l When analysis procedure is complete, to review and evaluate results of static and dynamic analyses,
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.3.31). To display the model without nodal displacements, on the Results ribbon

=)

tab, on the Deformations panel, click Initial model button .
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Figure 3.31 Design model with account of nodal displacements

To present diagrams of internal forces:

= To display diagram M, , on the Results tab, select Forces in bars panel and click Moment diagrams

(M,) button m .

= To display diagram N, on the Results tab, select Forces in bars panel and click Axial force diagrams

(N) button U .

= To display mosaic plots N, on the Results tab, select Forces in bars panel and click Mosaic plot of

forces in bars command l_J in the Force diagrams/Mosaic plots drop-down list.

To present mode shapes of the structure:

= To change the number of active load case, on the Status bar (displayed at the bottom of the screen), in

the Load case No. list, select No. 4 and click Apply M .

= To display the first mode shape, on the Results ribbon tab, on the Deformations panel, select the Mode

shapes command Ej in the Stress strain state drop-down list.

= To display mode shape, on the Results ribbon tab, on the Deformations panel, click Initial model

button Ej to make this command not active.

= To display the 3rd mode shape of the 5th load case, on the Status bar (displayed at the bottom of the
screen), change the number of active load case for 5 (as described above). Then in the Mode shape

No. (component, period) list, change number of mode shape for 3 and click Apply M .

To animate the 3rd mode shape of the 5th load case:

= To switch to the mode of 3D visualization, either select 3D model command on the Application menu

or click the 3D model button @] on the Quick Access Toolbar.
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= To animate the 3rd mode shape of the 5th load case, on the 3D view ribbon tab, on the Animation

panel, click Animate mode shape button lﬂ] .
= In the Animate mode shape dialog box (see Fig.3.32), click Play button El .

= To close the Animate mode shape dialog box, click Close.

x|
|

=-Slow Quick-=

Figure 3.32 Animate mode shape dialog box

= To return to the mode of analysis results visualization, on the 3D view ribbon tab, on the Back panel,

click Finite element model button @ .

To generate and review tables of analysis results:

= To present table with periods of vibrations, on the Results ribbon tab, select Tables panel and click

Standard tables Q] in the Documents drop-down list.
In the Standard tables dialog box (see Fig.3.33), select Periods of vibrations in the list.
Click Apply.

-

l«“’ By default, standard tables are generated in the *.csv format. Information presented in these tables is
divided into different tabs: input data (optional), e.g. DCF coefficients; output data for bars; output data for
plates; etc.

To generate table in *.csv format and add it to the Report Book, select the Generate updatable table in
Report Book check box. If the table is located in the Report Book, it is possible to update it later (if
required) and add it to the report file with the Report Book options.

To modify format of the table, in the Standard tables dialog box, click Select format. Then in the Table
format dialog box, select appropriate option and click OK. To generate table in Document Maker (DOC-
SAPR module), select RPT format.

Selected format is saved and will be applied by default in further work with standard tables.

Standard tables x|
™ Generate updatable table in Feport Book &

Select format... |

Analysis protocol
Dizplacements
Forces

Periods of wibrations

Mode shapes

Inertial forces

Equivalent weights of masses
Stability factors

Buckling modes

Effective length factars

Wiew |
2] x| 2]

Figure 3.33 Standard tables dialog box
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= To close the table, on the FILE menu, click Close.

= To present table with equivalent weights of masses at nodes of design model, in the Standard tables
dialog box, select appropriate row in the list.

= In the Choose load case No. area of the dialog box, select All load cases option and click Apply M .

= Close the Standard tables dialog box.

To evaluate analysis results by DCL:

= To switch to results of static analysis, on the Deformations panel, select the Deformed shape
4
command bl in the Stress strain state drop-down list.
= To present analysis results by DCL, on the Status bar (displayed at the bottom of the screen), click

Results by DCL button @l .

= Diagrams of internal forces are presented on the screen in the same way as described above. The
generation of tables with analysis results by DCL is also the same.

= To switch to another DCL number, on the Status bar in the Load case No. list, select appropriate row

and click Apply lﬁ] .

To generate tables with stability factors:

= To present table with stability factors, in the Standard tables dialog box, select appropriate row in the
list.

= Click Apply M .

To evaluate results of stability analysis of the frame:

= To present the buckling mode on the screen, on the Deformations panel, select the Buckling mode

command L] in the Stress strain state drop-down list.

= To switch to another DCL number, on the Status bar in the Load case No. list, select appropriate row

and click Apply M .

= To present the next buckling mode, on the Status bar, in the Mode shape No. (component, period) list,

select appropriate number and click Apply M .

= To present effective length factor on the screen, on the More results ribbon tab, on Stability panel, click

L,
Ly factors button L] .

Step 17. Review and evaluate results from steel analysis

lf When analysis procedure is complete, to review and evaluate results of steel analysis, select the
Design ribbon tab (for standard ribbon interface).

To present mosaic plots for the check of assigned sections of steel bars:

= To present mosaic results (for assigned cross-sections, check for ultimate limit state), on the Design

ribbon tab, on the Steel: check and select panel, click Check, ULS button @] .
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= To present mosaic results (for assigned cross-sections, check for local buckling), on the Design ribbon

tab, on the Steel: check and select panel, click Check, LB button l&l .

To generate the table with results (assigned sections):

= To generate tables with analysis results, on the Results ribbon tab, select Tables panel and click

Analysis results tables for steel @l in the Documents drop-down list.
= Inthe Table of results dialog box (see Fig.3.34), select the Check option.

= Click Apply M (to generate tables in HTML format, select appropriate option). To generate table and
work further in Document Maker (DOC-SAPR module), select RPT format. It is also possible to present
tables in Excel format.

Tables of results x|

e Teu = HTHL = RPT i~ Eucel

Parameters of tables... |

[T add o end | orly for zelection
Example3.Check all elements by DCL k=t

_ Beview | J x| 2]

Figure 3.34 Tables of results (steel analysis) dialog box

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

To generate the table with results (selected sections):

= In the Table of results dialog box (see Fig.3.35), define the Select option.

= Click Apply M .
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