Tutorial on LIRA-SAPR version 2014 Example 4

Example 4. Analysis of 3D framework of the structure with base slab on elastic
foundation

In this lesson you will learn how to:

— generate design model;

— define elastic foundation;

— deal with design options;

— determine reinforcement for plate elements of the framework;
— select and check steel sections of bars in the framework;

— define static loads and earthquake load.

— define DCF and DCL tables.

Description:

Model of the building structure is presented in Fig.4.1.

3D structure with base slab on elastic foundation with modulus of subgrade reaction C1 = 1000 t/m°.
Material for frame — steel, material for slabs and diaphragm - reinforced concrete B30.

Analysis is performed for FE mesh18 x 24.

Loads:

—load case 1 — dead weight;

— load case 2 — uniformly distributed load g; = 1.5 t/m? applied to the floor slabs of the 1st and 2nd storeys;
uniformly distributed load g, = 2.0 t/m? azpplied to foundation;

—load case 3 — snow load g; = 0.08 t/m"~.

— load case 4 — earthquake load. Seismicity of the site is 7 units of magnitude, soil category 1.
Unfavourable direction of earthquake load is along the smaller side of the structure.
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Figure 4.1 Model of the building structure
Sections of elements of the frame:
— beams — I-section with parallel edges of flanges (beam-type), shape 30b1
(,J],B:-,rTaBp C NapannentHeIMW rPaHAMK NonoK THNa b (DanovHeIA) );
— columns — I-section with parallel edges of flanges, column-type, shape 33K1
(,ﬂ,B}fTEIBp C NapannentHBIMH TPaHAKMKH NoNoK THNa K (KONOHHLIRA) );
— floor slabs — thickness 200 mm;
— diaphragm — thickness 300 mm;
— foundation — base slab of thickness 500 mm.
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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.4.2) specify the following data:
= problem name — Example4 (problem code by default coincides with the problem name)

= model type — 5 — Six degrees of freedom per node (translations X, Y, Z and rotations Ux, Uy, Uz).

= Click OK m .

x|

kadel type
W

|5 - S5iw DOF per node [tranzlations =, £ and rotations s, Lj 9
Problem name IE:-:ampIed
Problem code IE:-:ampIe#
Problem dezcription ;I
[up to 265
characters]

[

Figure 4.2 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 5 (Six DOF per node)

command 2)1;55 . One more way to do the same: on the Quick Access Toolbar, click New and in the

drop-down menu select Model type 5 (Six DOF per node) command i)1‘25 . 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

H

drop-down list and click the Create frame L] 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
5 1 3 2
4 1

= other parameters remain by default (see Fig.4.3).

= CIickAppIyM.
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Figure 4.3 Create plane fragments and grids dialog box

= Under Coordinates of the 1st node, clear the Specify with pointer check box and specify coordinates
for the first node of the fragment:

= X(m) Y(m) z(m)
0 6 o

Click Apply M .
Then specify coordinates for the first node of the new fragment:

= X(m) Y(m) Z(m)
0 12 0.

= Click Apply lﬁ] .

&+

To present numbers of nodes 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 Node numbers check box on the Nodes tab.

= Click Redraw u] .

To define floor slab of the 1st storey:

= In the Create plane fragments and grids dialog box, select Create slab tab.

= Under Coordinates of the 1st node, select the Specify with pointer check box and specify node No.4
with the pointer (the node will be coloured pink and its coordinates will be displayed in the dialog box)
(see Fig.4.4).

= In the same dialog box, define the following parameters of the floor slab:
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Figure 4.4 Create plane fragments and grids dialog box

To edit the model:

o

at the bottom of the screen), click PolyFilter E’

specify the following data:

= Click Apply.

in the Criterion box, select Length of bar;

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

To select horizontal bar elements of the greater length, on the Select toolbar (by default, it is displayed

In the PolyFilter dialog box, select the Filter for FE geometry tab (the fourth tab) (see Fig.4.5) and

under Range of values, click Discretely and specify the value 5.
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Figure 4.5 PolyFilter dialog box (Filter for FE geometry)

= On the Create and edit ribbon tab, on the Create panel, point to Add element drop-down list and click

Add barly.

= In the Add element dialog box, select the fifth tab Divide into N equal parts (see Fig.4.6) and specify
the value:

= N=10.
= Click Apply.

x|
NZERE T |

a3 m=1
Divide into M equal parts

N [1d

¢| ? ||

Figure 4.6 Add element dialog box

P
:!j It is possible to present the Add element dialog box with the Divide into N equal parts tab open. To
do this, on the Create and edit ribbon tab, on the Create panel, point to Add element drop-down list and

click Divide into N equal parts “=J command.

= In the PolyFilter dialog box, select the Filter for FE geometry tab (the fourth tab).
= To select horizontal bar elements of the smaller length, specify the following data:
= inthe Criterion box, select Length of bar;

= under Range of values, click Discretely and specify the value 4.
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= Click Apply.

= To divide selected bars into 8 parts, in the Add element dialog box (see Fig.4.6), specify the value:
= N=8.
= Click Apply.

e
1-"[ For combined behaviour of slab and beam, bar elements are divided in a similar way as in slab.

To pack the model:

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

= In the Pack model dialog box (see Fig.4.7), click Apply M . Itis 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.

x|

— Throw together’

I 0,0001 m ‘Throw together’ with predision

™ Ignore elements with different stiffness types
¥ Ignore nodes with Coupled DOF
[~ Ignore nodes of rigid bodies

[ only for fragment
[™ Except selected nodes and elements

—Eliminate from design model
™ Dangling nodes ™| Except selected

¥ Modes and elements that were deleted
[ Unused stiffness types
[ Unused groups of Coupled DOF

—Muodularity for coordinates of nodes
[~ Reduce coordinates of nodes to module

I 0.0001 m Madule value

[ AutoSave before padk procedure

X 2|

Figure 4.7 Pack model dialog box

e
lfr Pack model dialog box is used to manage pack parameters after Merge, Copy and other
commands with model geometry.

To add beams and floor slab:
= On the Create and edit ribbon tab, on the Create panel, point to Add element drop-down list and click

Add bar&l.

= Under Add bar, select the Specify nodes with pointer and Consider intermediate nodes check
boxes.

Page 8 of 40 www.liraland.com ©2011-2014, LIRA SAPR. All rights reserved.



Tutorial on LIRA-SAPR version 2014 Example 4

= Add bars between nodes of the extreme left edge of floor slab (nodes No.24 and 461) and nodes of the
extreme right edge of floor slab (nodes No.5 and 20). To do this, specify these pairs of nodes in
sequence (in this case the rubber-band line is automatically stretched between the nodes that you
select).

On the Select toolbar (by default, it is displayed at the bottom of the screen), click PolyFilter lﬂ
In the PolyFilter dialog box, select the Section and cut off tab (the last but one tab) (see Fig.4.8).

To select the cutting plane, under Cutting plane, click XOY (by default, under Include, Nodes and
Elements check boxes are selected; under Select mode, Section by plane option is selected; Specify
node of the plane check box is selected).

Specify with the pointer any node of floor slab of the first storey (the node will be coloured black).
Click Apply.

x|
Al | BB <D

| Specify node of the plane |

Select mode
' Section by plane
™ Cut off by plane

Cutting plane

Qx0z @KoY Ovoz
O Arbitrany

|nzlude
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¥ Elements

‘ '} | v Iplnverse X| ? i
Figure 4.8 PolyFilter dialog box (Section and cut off)

= On the Create and edit ribbon tab, on the Edit panel, point to Copy drop-down list and click By one
node .

= The Copy objects dialog box is presented with the Copy by one node tab open (see Fig.4.9).
Specify the node No.24 on the model with the pointer.

Then click the node where the fragment should be placed (the upper-left node of the frame - node No.6).
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Figure 4.9 Copy objects dialog box

To define diaphragm:

&

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 wall-beam @] command.

In the Create plane fragments and grids dialog box, specify Angle of rotation about the Z-axis equal
to 90 degrees.

Under Coordinates of the 1st node, select the Specify with pointer check box and specify node No.2
with the pointer (the node will be coloured pink and its coordinates will be displayed in the dialog box).

In the same dialog box specify the following parameters for the diaphragm:

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

L(m) N L(m) N
05 24 05 12
Click Apply M .

To unselect all nodes and elements, on the Select toolbar, click Unselect all &] .
To switch to projection on the XOZ-plane, on the Projection toolbar (by default, it is displayed at the

@I

bottom of the screen), click Projection on XOZ-plane .

On the Select toolbar, click Select vertical elements &] . Then select columns at the place where
diaphragm is located.

On the Create and edit ribbon tab, on the Create panel, point to Add element drop-down list and click
Divide into N equal parts @ command.
In the Add element dialog box, on the Divide into N equal parts tab, specify the value:
N = 6.
Click Apply.

To present the model in isometric projection, on the Projection toolbar, click Front isometric projection

]

To define base slab:
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= 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 slab lf] command.

= In the Create plane fragments and grids dialog box, under Coordinates of the 1st node, clear the

Specify with pointer check box and define coordinates of the first node:

X(m) Y(m) Z(m)
-0.5 -0.5 0

= In the same dialog box define the following parameters for the base slab:

= spacing along the first axis: spacing along the second axis:
L(m) N L(m) N
05 20 05 26

= Click Apply M .

= In the Display dialog box, clear the Node numbers check box on the Nodes tab.

= Click Redraw li] .

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

% In the Pack model dialog box, click Apply ).

= To unselect elements, on the Select toolbar, click Unselect all button &I .

The model of framework is presented in Fig.4.10.
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Figure 4.10 Design model of framework

To save data about design model:

= On the LIRA-SAPR menu (Application menu), click Save command @ .

= In the Save as dialog box specify the following data:

©2011-2014, LIRA SAPR. All rights reserved. www.liraland.com
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o

= file name — Example4;
= Jocation where you want to save this file (Data folder is displayed by default).
Click Save.

Step 3. Defining design options

o

o

Design options

— Lizt of dezign 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.4.11), define parameters for the first design option:
in the Analysis of sections by list, select DCF;

other parameters remain by default.

Click Apply M

x

1. Dezign option 1

o] +

Set as curment one |

— Edit de=zign option

—RC analyziz

Mo |1_ [ I_ il

M ame: IDesign option 1

Analpsis of sections by IDEF j

Building SMIP 2.03.01-84¢ v|  Coefficients |
code I J

Steel analysiz

Building o - -
ol [SNIP I1-23-81 ~]  Coefficients |

Figure 4.11 Design options dialog box

S
l--"" To define new design option, click Create new design option button &] (by default, all parameters

of the new design option will obtain values defined in the Analysis parameters dialog box on the
appropriate tabs).

Then define the following data:

- hame of design option;

- building codes for analyses of reinforced concrete (RC) and steel structures;

- type for analysis of sections (by DCF, DCL or Forces).

To input data for design option, click Apply M .

To assign the selected design option as active one in the graphical environment, select it in the list and
click Set as current type or double-click appropriate row in the list of design options.

Materials for appropriate design option may be defined in the Stiffness and materials dialog box (see
Fig.4.12a).
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To define the second design option:

= To define the second design option, in the Design options dialog box, click Create new design option
button &] .
= Then define parameters for the second design option:
= under Steel analysis, define building code SP 16.13330.2011;
= inthe Analysis of sections by list, select DCL;

= other parameters remain by default.

= Click Apply M .

= To assign the first design option as a current one, in the List of design options, select appropriate row
and click Set as current type.

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

Step 4. Defining material properties to elements of the model

To create material data sets:

= On the Create and edit ribbon tab, on the Stiffness and restraints panel, click Material properties
kL
button L=+
= In the Stiffness and materials dialog box (see Fig.4.12a), click Add. The dialog box expands to display
the library of stiffness parameters. In the Add stiffness dialog box (see Fig.4.12b), select the Database
of steel sections tab (the second tab).

¥ Stiffness and materials EAIll® Add stiffness x|
— dasign to elements of the modsl ngine parameters for new stiffness and add it ba the <:.,-| |
v Stiffriess: o st ?
[&n 3 PrateH 20 | 2
b I |e |
v
) = i [ atab. [ steel sect
[ Materials: SHIF 2.03.070-84* = Yariant I'I == OE ToEET SEC_IDHS
e
Type: | Concrete: | Fieinforcement: | > I | [
1.shell 1E25 1.4 I |-zection Builtup Channel
|-zection
i
Propetties |RC | Steel | — ]:[
List of stiffness types Bos of Two |-sections En:-:lof
- channels |-zections
T 01 I-section 3061
T B 2 |-section 35K1 IR
&0 3 Plate H 20 L = <
¢ 4 PlateH 30 Angle Cruciform of Angle
@l BE Flate H 5 angles
! Lo
ik r I [
>i< f |H|
Addss Cryciform of - Double angle Channel and
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Edit...
Dizplay... :I I: O ][
— I I
o | —_—
—_— |-zection and Fipe Double
Delete channel channels
4 oz 'f; — D ﬁ
I —
Set az current type I Two channels  Stuctural Built-up box
tubing ;I
A e
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Figure 4.12 Dialog boxes: a — Stiffness and materials, b — Add stiffness
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= 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 (see Fig.4.13), specify the following parameters for I-section:

= in the Steel table box, click
JIeytaep c napannentHeMH rpaHAMKMM Nnonok Tina b (6anouHwii). AKTYanuaHpoBAHHBA |

= in the Shape box, click 30b1

= Click OK.

Steel cross-section

Components |St'rﬁ'ness I
Steel table

File {*srt)

II'IEIFIEIJ'I.I'IEHbeIMM rpaHamMM nonok Tuna B{banoureii) . .ﬁ.KTyaanpu:uE:aHHblﬁj ID‘-.-"—B_SF'.srt j |

Shape 3061 -l EI

— Specification
Information about shapes in the file

Annotation: AByTaep C napannensHeIMK TRaHAMK

nonok. THna B{BanouHe)

The shapes comply with building codes: MOCT 26020 -

33

Shapes are sorted in ascending order of the

parameter: &, Nnowaas

Mumber of shapes in the file:

------ I 6. I-section 3061
21
Bf
Ti L‘H
i A1
H | He| T
TP=TE| A1
Bf = Bf
Rotation Section. ..

Couplitg ==

Comment: I Color: _l

x|

[ ok | cancel |

Figure 4.13 Steel cross-section dialog box

= Inthe Add stiffness dialog box (see Fig.4.12b), on the Database of steel sections (the second tab),
double-click the I-section icon once again.

= In the Steel cross-section dialog box specify the following parameters for I-section:

= in the Steel table box, click
Ieyraep c napannensHHMH FPAGHAMHM NOAOK TUNA K (KOAOHHHI). AKTYAaNUIWpPOBAHHHA |

* in the Shape box, click 39K1

= Click OK.

In the Add stiffness dialog box, click the tab with numerical description of stiffness (the third tab).

Double-click the Plates icon in the list. The Specify stiffness for plates dialog box opens. In this dialog
box you can define material properties for selected type of the section.

= In the Specify stiffness for plates dialog box (see Fig.4.14), specify the following parameters for Plates

(for floor slab):

* modulus of elasticity — E = 3e6 t/m? (for the U.S. keyboard layout);

= Poisson’s ratio—V =0.2;

= thickness — H =20 cm;
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= unit weight of material — Ro = 2.75 t/m°.

= To confirm the specified data, click OK .

Specify stiffness for plates x|

[T Account of arthatropy EZ ||:|
E |3EE tims Lt | IEI
W IEI.E G IEI
H |2EI cm R |2.?5 tim?
Maonlinear parameters H
FE type ;
I aterial parameters
& Plate, shel :
= wallbeam Beinforcenent paranmeters

Smaller dimenzion of plate
IIZI m

" Comments " Lalour—

J| O X| 2|

Figure 4.14 Specify stiffness for plates dialog box

[ Account of shear ’V

In the Stiffness and materials dialog box, in the List of stiffness types, select ‘3.Plate H 20'.
Click Copy two times.

In the Stiffness and materials dialog box, in the List of stiffness types, select ‘4.Plate H 20'.
Click Edit.

In another Specify stiffness for plates dialog box specify parameter (for diaphragm):

L

= thickness - H = 30 cm.

Click OK M .

In the Stiffness and materials dialog box, in the List of stiffness types, select ‘5.Plate H 20'.
Click Edit.

In another Specify stiffness for plates dialog box specify the following parameter (for foundation slab):

*

*

= thickness - H = 50 cm.
= Click OK.

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

To define materials for reinforced concrete (RC) structures:

= 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.
In the General parameters dialog box (see Fig.4.15), define the following parameters for plates:

= in the Module of reinforcement list, select Shell;
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= inthe Comment box, type comment - Shells;

= other parameters remain by default.

= Click OK M .
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Figure 4.15 General parameters dialog box

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.

L

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

e
]:J If there are several design options in the problem, to switch to another design option, in the Stiffness
and materials dialog box (see Fig.4.12a) use the No. of current design option box (when Materials
check box is selected.)
Every design option has its own parameters for materials.
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To create new design option, click Create new design option button li, . Then in the Design
options dialog box (see Fig.4.11), define all necessary parameters for new design option.

To define materials for the first design option for steel structures:

= In the Stiffness and materials dialog box, in the List of stiffness types, select type -Fsection 3061’
and 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. To assign current type of stiffness, you could also double-click
appropriate row in the list.

= 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.4.16), in the Steel list box, define the steel grade C245 (it will be
applied to beams and columns of the first and second design options).

= To confirm the data, click OK.

M Parameters X|

Mo, 1
Comment Material
Section
Steel C245
Short steel tables Yes

oK I Cancel

Figure 4.16 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.4.17), define the following parameters for beams:

= under Element type, click Beam;

= inthe Comment line, type Beams;

= other parameters remain by default.

= To confirm the data, click OK.
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-
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lefb.m

0
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Comment
Arbitrany test that describes this set of additional parameters

04 I Cancel

Figure 4.17 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.4.18), 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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(]9 I Cancel

Figure 4.18 Parameters (for columns) dialog box

To define materials for the second design option for steel structures:

= To switch to the second design option, in the Stiffness and materials dialog box, in the No. of current
design option box define number 2.

Then in the Stiffness and materials dialog box, select Additional parameters option and click Add.

o

In the Parameters dialog box, define the following parameters for beams:
= under Element type, click Beam;
= inthe Comment line, type Beams;
= other parameters remain by default.
= To confirm the data, click OK.

= In the Stiffness and materials dialog box, click Add once more.
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= In the Parameters dialog box, 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;
= inthe Comment line, type Columns;
= other parameters remain by default.

= To confirm the data, click OK.

To assign material properties to elements of the model:

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

= 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 bl .

Select all horizontal elements of the model. Selected elements will be coloured red.

-
lf’ You can select elements either with a single click or by dragging selection window around
appropriate elements.

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

L]

lf The same material may be assigned to elements of design model regardless of the section type, if
this material is consistent with the section type. Otherwise, it is not possible to assign material and you
will see appropriate message.

= On the Select toolbar, click Select horizontal bars ll] 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
‘4.Columns’.

Click Set as current type.

In the Stiffness and materials dialog box, on the Properties tab (the first tab), select <-F-section 35K1"
in the List of stiffness types.

= Click Set as current type.

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

Select all vertical elements of the model with the pointer.

= In the Stiffness and materials dialog box, click Apply M .

= To switch to the first design option, in the Stiffness and materials dialog box, in the No. of current
design option box define number 1.

= To assign materials to steel structures for the first design option, clear the Stiffness box in the Assign
to elements of the model area.

= In the Stiffness and materials dialog box, in the list of additional parameters for steel structures, select
‘2.Columns’.
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Click Set as current type.

Select all vertical elements of the model with the pointer.
= In the Stiffness and materials dialog box, click Apply M .

= On the Select toolbar, click Select vertical bars &I 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
‘1l.Beams’.

= Click Set as current type.

On the Select toolbar, click Select horizontal bars button ll] .

Select all horizontal elements of the model.

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

= To assign materials to reinforced concrete structures for the first design option, click the Properties tab
(the first tab).

= In the Stiffness and materials dialog box, in the List of stiffness types, select stiffness type '3.Plate
H20'.

Click Set as current type.

In the Stiffness and materials dialog box, select RC tab (the second tab). In this case, make sure that
in the list of current materials the following data should be defined as current one: type — 1.shell,
concrete class — 1.B25 and class of reinforcement — 1.A-lll.

On the Select toolbar, point to Select blocks drop-down list and click Select blocks button l_‘J .

Specify with the pointer any node or element of the floor slab on the 1st storey and then on the 2nd
storey.

In the Stiffness and materials dialog box, click Apply M .

In the dialog box with Warning message, click OK.

= To unselect nodes and elements, on the Select toolbar, click Unselect all button &I .

=  Set the stiffness type '4.Plate H30' as a current one.

To select diaphragm, on the Select toolbar, click PolyFilter button El .
In the PolyFilter dialog box, click the Filter for elements tab (the second tab).

On the Filter for elements tab (see Fig.4.19), select By FE shape check box and select 4-node FE
(plates) option in the list.

Then select By orientation of FE check box and define 11 YOZ.
In the PolyFilter dialog box, click Apply.

In the Stiffness and materials dialog box, click Apply.
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Figure 4.19 Filter for elements dialog box

= Set the stiffness type '5.Plate H50" as a current one.

= When the Select blocks command l%] is active, specify with the pointer any node or element of base
slab.

= In the Stiffness and materials dialog box, click Apply.

Step 5. Defining parameters of elastic foundation

=  When the Select blocks command l%] is active, specify with the pointer any node or element of base
slab.

= On the Create and edit ribbon tab, on the Stiffness and restraints panel, click Moduli of subgrade
reaction button :

= In the Define moduli C1 and C2 dialog box (see Fig.4.20), make sure that the Plates check box and
Assign option are selected. To define moduli of subgrade reaction, in the C1z box specify its value as
equal to C1z=1000 t/m®.

= Click Apply M .
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Figure 4.20 Define moduli C1 and C2 dialog box

= To unselect all nodes, on the Select toolbar, click Unselect all button l_] .

Step 6. Defining boundary conditions

:L; To avoid geometric unstability in the XOY-plane, additional boundary conditions are defined for base

slab.

To select nodes:

&

o

o

*

&+

In the PolyFilter dialog box, click Section and cut off tab (the last tab).

Under Cutting plane, click YOZ.

Click any node that is common for diaphragm and base slab.

Click Apply M

To present on the screen only selected nodes and elements of the model, on the Select toolbar, click

Fragmentation @]

To present design model in projection on the YOZ-plane, on the Projection toolbar, click Projection on

YOZ-plane @ .

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

select nodes that are common for diaphragm and foundation slab.
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To define boundary conditions:

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

= In the Restraints on nodes dialog box (see Fig.4.21), specify directions along which displacements of
nodes are not allowed (X). To do this, select appropriate check boxes.

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

S

r«F
[z

™ U=
[~ uy
[T uz

x|

[ &l

"'\-"isualize restraints

44 | f—— 3

s x| 2]

Figure 4.21 Restraints on nodes dialog box

Select the node that is common for middle column and base slab.

In the Restraints on nodes dialog box specify directions along which displacements of nodes are not
allowed (Y, UZ). To do this, select appropriate check boxes.

= Click Apply.

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

make this command not active.

= To restore design model in initial view after fragmentation, on the Select toolbar, click Restore model

]

= To present the model in isometric projection, on the Projection toolbar, click Front isometric projection

i)

Step 7. Applying loads

To create load case No.1:

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

and click Add dead weight l_]

= In the Add dead weight dialog box (see Fig.4.22), click All elements and specify Load factor as equal

to 1. Then click Apply M (dead weight is automatically applied to elements).
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Figure 4.22 Add dead weight dialog box

To create load case No.2:

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

= On the Select toolbar, click Select blocks button @ . Then select floor slabs of the 1st and the 2nd
storey.

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

= In the Define loads dialog box (see Fig.4.23), specify Global coordinate system and direction along the
Z-axis (default parameters).
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= Inthe Load type area, click Uniformly distributed load button @ .

= Inthe LoTi—Elarameters dialog box specify P = 1.5 t/m? (see Fig.4.24).

= Click OK v .

x|
P I'IEI tim2

L

P
AN
" X

[T Projective
s x| ?]

Figure 4.24 Load parameters dialog box

= The Warning message box is displayed (see Fig.4.25). Click OK.
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Warning x|

.@. This load is not allowed for selected elements.

Figure 4.25 Warning message box
-

L" The warning message appears because when you select floor slabs, bars and plates are also
selected at the same time. Load applied to plates is not allowed for selected bar elements.

To unselect nodes and elements, on the Select toolbar, click Unselect all button lﬂ .

=
= Select all elements of foundation slab when the Select block option is active.

= In the Define loads dialog box, in the Load type area, click the Uniformly distributed load button.
% Inthe Load parameters dialog box specify P = 2 t/m®.

= Click OK .

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

To create load case No.3:

. 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.

= Select floor slabs of the 2nd storey when the Select block option is active.

= In the Define loads dialog box, in the Load type area, click the Uniformly distributed load button.
% Inthe Load parameters dialog box specify P = 0.08 t/m.

= Click OK.

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

The Warning message box is displayed. Click OK.

= To unselect nodes and elements, on the Select toolbar, click Unselect all button &I .

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.4.26).

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

= For load case 2 — in the Edit selected load case area, in the Type box, select Dead and click Apply
»ﬂ|

= For load case 3 —in the Edit selected load case area, in the Type box, select Short-term and click
Apply M .

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

ApplyM.
x|

—Edit zelected load caze

1 Loadcaszel
M arne

Type IDead j
Modal loads: 0; Local loads: 1924;

— Lizt of lnad cazes

H# | Load case name Type Motation | |
1 Load caze 1 Dead

2 Load caze 2 Dead

3 Load caze 3 Short-term ..

4 Load caze 4 Earthquak...  EART...

Set az curent one |

b lebleb

Figure 4.26 Edit load cases dialog box

Defining parameters for earthquake analysis of the frame

Step 8. Creating dynamic load cases from the static ones

= 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.4.27), 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 — 0.9.
Click Add.
=

To create the third line of the summary table, specify the following data:
= dynamic load case No. — 4;

= No. of corresponding static load case — 3;

= conversion factor — 0.5.

= Click Add and then click OK.
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Figure 4.27 Create dynamic load cases from the static ones dialog box

Step 9. Generating table of dynamic load cases

e
]:J Unfavourable direction of earthquake load is along the smaller side of the structure. As the structure
has dimensions 9 x12 m in plan, the X direction will be the most unfavourable.

= On the Analysis ribbon tab, select the Dynamics panel and click Table of dynamic load cases button
L)
= Inthe Table of dynamic load cases dialog box (see Fig.4.28), define the following data:
= |oad case No. - 4;
= dynamic load type — Earthquake /01.01.2000/SP 14.13330.2011/ (35);
= number of analysed mode shapes — 10.

= Click Parameters.
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Figure 4.28 Table of dynamic load cases dialog box

= In the Earthquake analysis parameters dialog box (see Fig.4.29), define the following data:
= direction cosines of earthquake load resultant in global coordinate system — CX = 1;

= other parameters remain by default.

= Click OK lﬁ] .

Earthquake analysis parameters X

Building code ISNIF‘ [1-7-81 [modified 07.07.2000) j
Correction factar for earthguake loads W

Type of structure I'I - civil, public and industrial j
Soil category G=1 il

Seizmicity of the zite S5=7 -

— Coeffizients from tables SHIP [1-7-81 [with amendments of 071.01. 2000]
Table 3: Table 4 Table 3: T able E:

I - I [ |K1=1-E”:| | IKpsi=1.IZIEI |

— Direction cogines of earthguake load rezultant in global system

o [tooo0 gy [o00o0 cz [00000 merssovcy s 20z -1

v| x| 7]

Figure 4.29 Earthquake analysis parameters dialog box

= Inthe Table of dynamic load cases dialog box, click OK.
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Step 10. Generating DCF table
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= On the Analysis ribbon tab, select the DCF panel and click DCF table button l@, .

e
lf As the type of load cases was defined in the Edit load cases dialog box (see Fig.4.26), the DCF

table is generated automatically with parameters accepted by default for every load case. Now you have
to modify parameters for the third load case.

= In the Design combinations of forces dialog box (see Fig.4.30), select building code SNIP 2.01.07-85*

and specify the following data:

= for Load case 3 —in the Load factor box specify 1.4 and then click Apply M ;
= Click OK M .

¥ Design combinations of forces (DCF) X]

Building cods |sNIP 2.01.07-85¢ =] "
Load caze Mo |3 jl Load caze 3 ?
Load case type IShDrt-term (2] j g | Default... |

# of group of integrated I' — DCF coefficients

termporary load cazes 0

# | 1 main | 2 maih | Spec.[E) |5peu:.[n E]|5 combit. |E combir. |

dccount of sign variability r 9 1.00 1.00 0.90 0.00
# of the group of mutually 2 1.00 1.00 0.90 0.00
excluzive lnad cases I':' 3 | 1 UU| 0 EU| 0 50| 0 UUl
## of the accompa- - - - -
nying load ||:| ||:| 4 0.00 0.00 1.00 0.00
Load factor

|1.4EI
IEI.SE

Do mot consider fon analysis by SLS T

Restrichans for cranes and brakes
’V [Crane I Brake I _‘ 1 | | 3

Summary table for DCF calculation: i"i 5

Diuration coefficient

|DCFpa|E|meters
ooo0oooaol101.00
ooo0oooao1101.00

| DCF coefficients
1.00 1.00 0.90 1.00
1.00 1.00 0.90 1.00

1.00 0.90 050 0.80
0.00 @.00 1.00

L. | Load case name | Type
1  Loadcazel Dead
2  Loadcase 2 Dead
. Load caze 3

4  Loadcased

Short-term

Earthguake 5010000100000

Figure 4.30 Design combinations of forces dialog box
Step 11. Generating DCL table

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

= In the Design combinations of loads dialog box (see Fig.4.31), select building code SP 20.13330.2011

and specify the type of load for every load case by double-clicking the Type cell in the table for every
load case:

= for Load case 1 - Dead (P) ;
= for Load case 2 — Dead (P) ;
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= for Load case 3 — Short-term leading 1 (Ptl);

= for Load case 4 — Earthquake (Pse) .

= For load case 4, double-click the Sign variable cell and define +/- .

= For load case 3, in the Load factor cell, define factor as equal to 1.4.

¥ Design combinations of loads

fsPa0133020m 7|
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%
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Load caze # M arme Type Sign wariable |Mutually exclusive | Load factar | Duration coef.
1 1 llcadcased Dead [ F) + 1.0 1.0 ¢o |
2 2 Load casze 2 Dead[F) + 1.0 1.0 ﬁ |
3 3 Load caze 3 Short-term leading 1 [ PE1] + 1.4 30 '
4 4 Load caze 4 E arthquake [ Pze] +/- 1.0 0
b

=~a|)¢

d d o d
P +“’I1'PI1+_22“’Ii'PIi+

d d o d
¥ Py +wiz P g E ¥ P

t

4 |
Coefficients |

Figure 4.31 Design combination of loads dialog box

= To add combinations, select every row (Fundamental combination (ULS), Specific combination
(ULS), Fundamental combination (SLS), Specific combination (SLS)) in turn and then click Add
(columns with coefficient values according to SP 20.13330-2011 will appear in the table).

Click Save data.

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

Step 12. Defining structural elements

-

lf’ 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. In this version it is possible to select all elements of the
model and unite them into structural ones.

To define structural element BEAM:

= On the Select toolbar, click Select horizontal bars button b] .
= Select all horizontal elements of the model with the pointer.

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

= In the Structural elements dialog box (see Fig.4.32), under Design option, select For all check box.

Then under Edit structural elements, click Create.
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Figure 4.32 Structural elements dialog box

= On the Select toolbar, click Select horizontal elements button Ej once again in order to make this

command not active.

To define structural element COLUMN:

= To switch to projection on the XOZ-plane, on the Projection toolbar (by default, it is displayed at the

z
bottom of the screen), click Projection on XOZ-plane @I .

On the Select toolbar, click Select vertical bars button &I .

Select with the pointer columns of the first storey at the place where the diaphragm is located.

In the Structural elements dialog box, under Design option, select For all check box. Then under Edit

structural elements, click Create.

Select with the pointer columns of the second storey at the place where the diaphragm is located.

In the Structural elements dialog box, under Design option, select For all check box. Then under Edit

structural elements, click Create.

= To present the model in dimetric projection, on the Projection toolbar, click Dimetric projection E] .

= On the Select toolbar, click Select vertical elements button &] once again in order to make this

command not active.

Step 13. Defining deflection fixities at nodes of bending elements

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

Select all horizontal elements of the model with the pointer.

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.4.33), 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).
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x|

To create fikities in each of zelected bars at nodes where
it interzects the bars that are not coaxial with this ane.,
click "Apply”.

Fisities will be created in planes 2, #2 of local
coordinate zpzterns of bars.

Select aption:

Figure 4.33 Deflection fixities dialog box

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

= To unselect nodes and elements, on the Select toolbar, click Unselect all button lﬂ .

Step 14. Complete analysis of frame

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

o &)
the Analyse problem drop-down list, click Complete analysis .

Step 15. Review and evaluation of static & dynamic analyses results

e
L" When analysis procedure is complete, to review and evaluate results of static and dynamic analyses,
select the Results ribbon tab.

To hide presentation of loads on design model:

= On the Select toolbar, click Flags of drawing button @ . In the Display dialog box, clear the Loads
check box on the General tab.

Click Redraw m .

In the mode of analysis results visualization, by default design model is presented with account of nodal
displacements (see Fig.4.34).
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Figure 4.34 Design model with account of nodal displacements

To present diagrams of internal forces:

o

o

o

To display bars, on the Select toolbar, click PolyFilter EI .
In the PolyFilter dialog box, select the Filter for elements tab (the second tab).
Click By FE shape option and select 2-node FE (bars) in the list.

Click Apply &4

To present on the screen only selected bars, on the Select toolbar, click Fragmentation @ .

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

I
(My) button &1 .

To display diagram Q. , on the Results tab, select Forces in bars panel and click Shear force
diagrams (Q,) button &I .

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

(N) button &] .

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

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

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 restore design model in initial view, on the Select toolbar, click Restore model @I .
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To present displacement contour plots:

= To present contour plot of displacements along the Z-axis, on the Results ribbon tab, on the
Deformations panel, select the Displacement mosaic/contour plot in global coordinate system

command @ in the Displacement mosaic/contour plot drop-down list.

= Then click Displacements along Z button &] on the same panel.

To present stress mosaic plots:

= To present stress mosaic plot for Mx, on the Results ribbon tab, on the Stress in plates and solids

panel, select the Stress mosaic plot command @ in the Stress mosaic/contour plots drop-down
list.

. M,
= Then click Stress Mx button U on the same panel.
. . Ny
= To present stress mosaic plot for Nx, click Stress Nx button l_‘l on the same panel.

To present stress mosaic plot for Rz (soil pressure), click Stress Rz button &] on the same panel.

To present the full picture of stress mosaic plots for Rz in base slab, select the slab with the Select
block command and perform fragmentation.

= To restore design model in initial view, on the Select toolbar, click Restore model @] .

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 EI in the Stress strain state drop-down list.

= To display the 2nd mode shape of the 4th load case, on the Status bar (displayed at the bottom of the
screen), in the Mode shape No. (component, period) list, change number of mode shape for 2 and

click Apply M

To animate the 2nd mode shape:

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

or click the 3D model button Q] on the Quick Access Toolbar.

= To animate the 2nd mode shape of the 4th load case, on the 3D view ribbon tab, on the Animation

panel, click Animate mode shape button EI .
= In the Animate mode shape dialog box (see Fig.4.35), click Play button El .

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

x
|

<-Slaw Quick-=

Figure 4.35 Animate mode shape dialog box
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= 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 forces in elements of the model, on the Results ribbon tab, select Tables panel

and click Standard tables lg] in the Documents drop-down list.
In the Standard tables dialog box (see Fig.4.36), select Forces 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.

Standard tables x|

& Tx=T " HTML " RPT

Table parameters |

Analyziz protocol

DiSEIacements

DCF, design values

DCF, design values [live)
DCF, normative values

DCF, normative values [live)
Dizplacements from DCL
Forces from DCL

Penods af wibrations

kode shapes

Inertial forces

Equivalent weights of mazses

LT |

x| 7|

Figure 4.36 Standard tables dialog box

= Inthe Choose load case No. dialog box (see Fig.4.37), select All load cases option and click OK &I .

x

I.-'l'-.ll lnad cazes j

Load caze numbers

D0 R
i

x| ? ||

Figure 4.37 Choose load case No. dialog box
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To close the table, on the FILE menu, click Close.

To present table with periods of vibrations, in the Standard tables dialog box, select appropriate row in
the list.

= Click Apply M .

To save the table in *.txt format, on the Quick Access Toolbar, click Save.
In the Save as dialog box specify the following data:
= file name (name of the table) — Periods4;
= |ocation where you want to save this file (Work folder is displayed by default).
= Click Save.

Step 16. Review and evaluate results from analysis of reinforcement and steel analysis
-

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

To present results from analysis of reinforcement:

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

click Information about nodes and elements button &l and specify with a pointer any plate element
on the model.

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

To close the dialog box, click Close button.

To display mosaic plot for area of lower reinforcement in plates along the X1-axis, click the Lower

reinforcement in plates along X1 button @I (on the Design ribbon tab, the RC: Plates panel).

= To display mosaic plot for area of lower reinforcement in plates along the Y1-axis, click the Lower

reinforcement in plates along Y1 button @ (on the Design ribbon tab, the RC: Plates panel).

To generate and review table with analysis results for reinforcement:

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

@ in the Documents drop-down list.

= Inthe Tables of analysis results dialog box (see Fig.4.38), click the Plates option in the Elements
area. The following data is mentioned by default: 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).
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Figure 4.38 Tables of analysis results dialog box

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

= With the PolyFilter command, select all bars of the model.
= Perform fragmentation for selected elements.

= 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 @ .

= 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 EI .

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 @ in the Documents drop-down list.
= In the Table of results dialog box (see Fig.4.39), 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.
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Figure 4.39 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.4.39), define the Select option.

= Click Apply M .

To change the No. of design option:

= On the Status bar, in the Design option No. box, select the row corresponding to the second design
option.

S
L" To review and evaluate analysis results for another design option, do one of the following:

- either use the Design options L] command. Then in the Design options dialog box, select
appropriate row in the List of design options and click Set as current type;

- or on the Status bar, in the Design option No. box, select the row corresponding to appropriate design
option. The design option with this number will become current one.
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