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INTRODUCTION

The use of advanced information technologies is key to successful
calculations at the design stage of new buildings and structures, as well as
when assessing the bearing capacity of existing ones. Currently, there are
numerous automated software packages. The results obtained with their
help allow for significantly improving the quality and speed of solving
relevant engineering problems.

The adoption of technically sound and supported by appropriate
calculations of structural solutions is the most important stage of design.
Therefore, it is of great importance for higher education students to master
modern automated design tools for calculating the strength, stability, rigidity,
and design of building structure elements.

The course "CAD in Construction® of the educational and
professional program "Construction and Civil Engineering" of the field of
knowledge 19 Architecture and Construction, specialty 192 Construction
and Civil Engineering teaches the basics of practical work with the design
and computing complexes LIRA-SAPR and MONOMAKH-SAPR. This
methodological development is intended to assist higher education students
in completing laboratory tasks from this course and contains algorithms for
calculating and designing reinforced concrete and metal structures in the
environment of the LIRA-SAPR and MONOMAKH-SAPR PCs.



Course Objectives

The purpose of teaching the academic discipline "CAD in
Construction" is to prepare higher education applicants for professional
activity in the field of construction design in the conditions of modern
information technologies.

The objectives of the course are for students to acquire the
necessary knowledge about modern computer-aided design (CAD) systems
in construction and to obtain practical skills in design work on the
calculation and design of building structures, buildings, and structures in the
environment of design and computing complexes LIRA-SAPR and
MONOMAKH-SAPR.

After completing the course, the student must know:

- principles of designing elements of building structures;

- methods of selecting and checking reinforcement of reinforced
concrete elements;

- basic provisions of calculating and designing steel structures.

The student must be able to:

- perform design work in the construction industry using design and
computing complexes LIRA-SAPR and MONOMAKH-SAPR;

- calculate, design, investigate construction objects;

- use the necessary computer software products in work;

- apply the basic principles, theories and methods of structural
mechanics to calculate elements of buildings and structures under the
action of loads and influences of various nature, taking into account their
interaction, using automated design systems;

- calculate and design reinforced concrete (monolithic and
prefabricated), metal and wooden structures using the requirements of
regulatory documents, providing reliable and economically justified design
solutions;

- Calculate and design load-bearing structures of reinforced concrete,
metal, and wooden structures, including using modern information
technologies.



Content Module 1

Computer-aided implementation of the calculation and design of
structures of buildings in the LIRA-FEM

Topic 1. Introduction to the LIRA- FEM

Laboratory Work No. 1

LIRA- FEM ribbon interface.
General algorithm for calculating structures

Purpose and plan of the session

To get acquainted with the ribbon interface and the capabilities of the
software package. To get acquainted with the general algorithm for
calculating structures

The ribbon interface of the LIRA- FEM

The ribbon interface of the LIRA-FEM contains the following main
components: tabs, contextual tabs, panels, and menus.

A tab is an element of the graphical user interface that allows you to
switch between certain sets of interface elements in one window.

W

Create and edit Advanced edit options Analysis Results Advand

Tab X6z o O Brra B N B vl 12
&N\ o - o Eile= il A
Add Add  Generate in D(' Copy Pack Move N
Node” Element™ LIRA-CAD PR i ~ &% ~ " Model v ¥

Panel

Fig. 1 — Ribbon tabs and panels

Contextual tabs (Nodes, Bars, Plates) appear when nodes and
elements are selected and disappear after they are deselected (Figs. 2, 3,
4).

The Quick Access Toolbar (Figure 6) is located at the top of the
ribbon and provides direct access to a specific set of commands. The bar is
customizable and contains a set of commands that are independent of the
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tab currently displayed on the ribbon.

Application /Cluick Access Toolbar

|

Create and edit Advanced edit options Analysis Results Advar

=N @ Brre mEEeed

g - 8- Z -5

Add Add  Generate inma . Copy Pack Move N
Node” Element” LIRA-CAD e * Model - ¥ H

Fig. 2 — Quick Access Toolbar

Program menu (Fig. 3)—a menu for working with document files
and setting units of measurement, interface language, and parameters for
graphical display of the scheme and calculation results. This command is

(G5)
called by clicking on the button K“ﬂ The main page of the menu (on the
right) displays a list of documents that were opened recently (Fig. 3).

The program menu contains operations that provide work with files
used by VIZOR-SAPR. To manage the task as a whole, commands
collected in the program menu are used. The menu consists of two panels:
the left one displays groups of commands for working with files, and the
right one displays a list of commands in the selected group.

Thus, the New group (Fig. 4)—a group of commands for creating a
new problem file—contains commands for specifying the schematic
characteristics:

« the first schema characteristic—two degrees of freedom in the node
(displacement X, Z) XOZ;

* the second schema characteristic—three degrees of freedom in the
node (displacement X, Z, Uy) XOZ;

+ the third schema characteristic—three degrees of freedom in the
node (displacement Z, Ux, Uy) XOY;

« the fourth schema characteristic—three degrees of freedom in the
node (displacement X, Y, 2Z);

« the fifth schema characteristic—six degrees of freedom in the node
(displacement X, Y, Z, Ux, Uy, Uz).



New Recent documents
Creates a new document »
1 C\Users\..\Data\Beam

Save

L [ |

_la Save As...
gj Open...

E Close

j Delete...

E Import Data from... [
E Import LIRA-CAD Maodel (*521)

E Export Data to... 4
E Export Reinforcement Results (*.asp)
E Export to LIRA-CAD... ,

%‘ Create Text File

=
é Save Data to ZIP-archive..

@ 3D model
w Report Book 4

x Settings b
Fig. 3 — Expanded Program Menu




I D - @ v

New Model type
Creates a new document »

| . Model type 1
| Two DOF per node (translations X.Z)

XOZ
Save
o .. Model type 2
' e e 77— Three DOF per node (translations X.Z

and rotation Uy) XOZ

F_t[_l Open... RI Model type 3
- ) f3 Three DOF per node (translation £ and
= rotations UxUy) XOY

*= Close
. Model type 4
xm Delete... EJ—4 Three DOF per node (translations X.Y.Z)
E Import Data from... (3 Model type 5

ity Six DOF per node (translations X,Y,Z

SEZL Import LIRA-CAD Model (*.52) e

; Model type &
E Export Data to... » | 158 Seven DOF per node (X.Y.ZUxUy,UzZW)
1 ®
L Export Reinforcement Results (*.asp) g Model type 15

&1 5 One DOF per node - temperature
¥} Export to LIRA-CAD... »

[
; Create Text il Generate Soil Model
reate Text File

Fig. 4 — Expanded program menu, New command group

Another important group of commands — Settings (Fig. 5) — allows
you to change the program settings (units of measurement, scale
parameters, colors, calculation parameters, number and font formats, and
interface language).
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New Directories

L ]
Creates a new document . t: Changes location of working files on the
disk
%o Units of Measurement
d Save s
— I Sets units of measurement
' Save As.
_ General Settings
E_I Open... ¥ Contains options for setting parameters
— of the application
= Close Parameters for Colour Palette

Sets parameters of colour palette for

== isualization

x Delete...

Colours

gm' Import Data from... N Chooses colours for objects of the
model and contour plots

E Import LIRA-CAD Model (*.521) .+, Parameters for Design Modules

~:,.;;’ Analysis parameters for Design
E Export Data to.. » Madiiles

Numbers and Fonts
XK.
E Export Reinforcement Results (*.asp) Aa Customizes numbers and fonts on the

drawing
E Export to LIRA-CAD... v Languages
@ Chooses language for interface and
;‘ Create Text File documents

ﬁ Save Data to ZIP-archive..

@ 3D model
w Report Book 4

K Settings »

Fig. 5. Expanded program menu, Settings command group
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Status bar (Fig. 6)—a panel at the bottom of the window, designed
to display tips for menu items and display elements, and also contains
blocks for loading the calculation scheme and loading the analysis (in the
results analysis tabs) and a block for construction.

R a 1. Load case 1 ";)“ 1. Design option 1 M

Fig. 6 — Status bar

On the Create and Edit tab (Fig. 7), operations are performed to
create and basic edit the geometry of the scheme, assign stiffness
characteristics, and generate loads.

ﬂ,@\ = Fev e e e e

Create and edit Advanced edit options Analysis Results Advanced results RC Metal Masonry
X1z m i @ 4 cz By e < s
&N & ISR = Jae oo e Sy oo 5
Add Add Generatem 37 ‘ Copy Pack Move ¥ = Material I Cross-section e Pilot Reinforcement
Node " Element” LIRA-CAD | ¥ Model ~ X ”‘ Properties” " 7 Design Toolkit” T * (PR)”

Fig. 7, a — Creation and Editing Tab

\ v v R ) - 2‘
i i i
Des»gn > Blocks ot Edit load Loads o ¢ Find
Options = - gt cases - N-B Centre @& CHl -

Fig. 7,b — Creation and Editing Tab (continued)

The Create and Edit tab contains the following panels:
+ Create — here you select typical operations for creating the
geometry of the scheme and triangulating the contours;
» Edit — operations for basic editing of the scheme (copying, moving,
scaling), packing the scheme, and editing the triangulation mesh;
» Stiffnesses and ties — operations for assigning stiffnesses and
materials to the scheme elements, modeling fasteners, etc.;
» Design — operations for creating design options and assigning
materials to them, working with structural blocks, creating structural
or unified elements for further calculation of reinforcement;
» Loads — operations for forming loads and assigning loads to nodes
and scheme elements;
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» Tools — operations for configuring the graphical display of results

and output data of the scheme.

On the Advanced Edit tab (Fig. 8), you can perform operations for
advanced editing of the scheme, assembling the scheme from
subschemes, working with blocks and superelements, and connecting to
the soil foundation scheme. The Tables panel contains commands that
allow you to create, layout, and print a table, report, or explanatory note that
is needed to document the current task.

g
(O st smacr OO ... fonts  pivacearenns RC sl oy
= s N, gF 2 25 28 - oy (N R
B i e " S o0 A c i 8> S "
Create Intersect _ | Merge  Throw  Change Add Super-nodes Transtorm Model Add Nodes to Influence || X 71
Biock Blocks [ | Models apart Nodes FE Type | Super-element (SE) i Fragment®  Super-nodes | W Lines ||V ~ =~

Documents | Find _* Input
Centre % Tables

Fig. 8 — Advanced Editing Tab

On the Analysis tab (Fig. 9), operations are performed to specify
data for static, dynamic, and additional calculations; generate tables; control
parameters for calculation; and launch a calculation task.

[T | & Step-type Method &4 NL Engineering | T Stages M o=
af e BiNLengineer.2 rou
e ey AT Local Failure Local Failure
e N T | Bcosspse S, Load 2565 || Quintatial Dynamic

Analysi Protocel | o

Ansiyse
« EimETEOR

Fig. 9 — Analysis Tab

The Analysis tab contains the following panels:

+ Calculation — operations to change calculation parameters for the
current problem, load data to the calculation processor, and perform the
calculation;

+ Dynamics — operations to organize the calculation for dynamic
effects, specify the characteristics of each specific dynamic effect;

* DCF — operations to form calculation combinations of forces;

» Add calculations — specification of initial data for calculating
displacements in nodes and forces (stresses) in elements from standard
and arbitrary linear combinations of loads, for calculating loads on a
fragment, for calculating principal and equivalent stresses in finite elements,
for calculating stability;

* Nonlinearity — specification of parameters that determine the
specificity and organization of the step process for solving nonlinear
problems;

* Installation — specifying information for computer modeling of the
construction process, which involves the installation and/or dismantling of
elements, changing the conditions for securing the structure or connecting
elements to each other.

The Results tab (Fig. 10) contains the most frequently used results
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analysis functions: displaying numerical and graphical information on the
movement of nodes, forces and stresses in the elements of the design
scheme.

o Mo Q- Ne T N e M3 e | oy N Reke N |l B eder
N i e——— - o by
Mosaic / N (FE N (FE
Contour Plot ™ 252, 262) N= M 251, 261) 3
| e 0 | [ Joint | |

Fig. 10 — Results Tab

The Results tab contains the following panels:

e Deformations (Fig. 11)—operations that allow you to display

deformations of a structure.
FE‘ A iy 'y

e Y U, &~
Stress Strain| Mosaic / ?
State™ #= ' Contour Plo

tvL

Fig. 11 — Deformation Panel

e Forces in rods (Fig. 12) — operations for displaying diagrams and
mosaics of forces in rods.

H N ‘l‘\ B-. bl l :
Diagrams / P 2
Mosaic Plot* @ M: R. +| Zf

J Fig. 12 — Forces in Bars

e Stresses in plates and
volumetric SEs (Fig. 13) — operations for coloring plates and
surfaces of volumetric elements according to the values of stresses

in them.
H My Q- Neeoe TN
; M, Q, N, T N
Mosaic / . Fig. 13 — Panel Stress in

Contour Plot™ "'« ™+ : plates and Solids




* Tools (Fig. 14) — the main tools for configuring the graphical display
mode of the scheme and the functions for presenting the results.

\1/('; RS » W11 "vR Y
T me B

Find ? w

Centre £ &

J Fig. 14 — Tools Panel

* Tables (Fig. 15) — displaying a numerical representation of results
and launching modes for generating a report and explanatory note.

E

Documents
Fig. 15— Tables Panel
g D Standard Tables Documentation drop-down list (Fig. 16)
: — the drop-down list contains operations
_ _ for generating documentation for the
i [/ZT Interactive Tables | current task, tables based on the results
of static/dynamic calculations, creating
DOCUMENTER and arranging drawings with various
- fixed variants of the calculation scheme
and calculation results, generating a
Tables of BRIDGE Solver report or explanatory note.
‘__j,- Explanatory Notes
ETH Report (previous format)

Fig. 16 — Documentation — drop-down list

The Design tab (Fig. 17) contains operations for specifying initial
data for design, calculating reinforcement of reinforced concrete elements,
checking and selecting steel sections, displaying numerical and graphical
information on the results of design system calculations, and launching
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local modes.

gg—ﬁ-—s|[u|g . ]g"s”@cm&

oo | L e —l;1_l—d1—
e Gl e it

M Torsion

Fig. 17, b — Design Panel (continued)

The Design tab contains the following panels:
e Calculation — operations related to the calculation of reinforcement.

' Fig. 18 — Calculation Panel

* Plate reinforcement — operations for displaying the results of plate
element reinforcement.

I - |
= X v |@ |-

KY'*

Maosaic/ 2=
segments® @ & | O

Reinforcement in Plates
Fig. 19 — Plate Reinforcement Panel

» Bar Reinforcement — operations for displaying the results of bar
element reinforcement, beam and column design.

eyt
3 E D] :] @ v-l
]

le

Reinforcement in Bars
Fig. 20 — Bar Reinforcement Panel
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* Tools — operations for managing the color settings of isofields and
mosaics of the initial data of the calculation scheme, the results of
static/dynamic calculations, the results of checking and selecting
steel sections, the results of determining areas and selecting
reinforcement, operations for configuring the scale update and color
display of nodes/elements of the scheme on the screen, as well as
the ability to open the scheme in SAPFIR, etc.

Openin Colour o
LIRA-CAD Palette™ M * Im & &

Fig. 21 — Tools Panel

o Design — operations for changing stiffnesses and specifying initial
data for design.

-

~ @ - N |-
myﬁ'ﬂf’v
Sl o

Design Blocks
Options = -

Fig. 22 — Design Panel

7 773 v Steel: calculation — operations for calculating
";"—f : steel elements.
j % .

Analysis

. Fig. 23 — Analysis Panel

e Tables — operations for displaying numerical representation of
results on the screen, as well as launching modes for generating a report
and explanatory note.
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(et )
Documents

v
\

|

Fig. 24 — Tables Panel

General algorithm for calculating structures in the LIRA-FEM

1. Creating a file (the name must contain up to 30 characters), selecting the
design scheme feature, comments.

2. Setting up the program (units of measurement, interface language, main
panels).

3. Selecting the cross-section calculation option (based on efforts from
individual loads, RSZ or RSN). Selecting the design option:

« for reinforced concrete structures — according to DBN V.2.6-98:2009.
Structures of buildings and structures. Concrete and reinforced concrete
structures. Basic provisions;

« for MK — according to DBN V.2.6-198:2014. Steel structures. Design
standards.

4. Creating a geometric diagram of the structure.

5. Setting boundary conditions.

6. Creating and assigning stiffnesses.

7. Visual 3D control.

8. Specifying loads.

9. Static calculation of the structure.

10. Analysis of the results of the static calculation.

11. Purpose of materials:

« for reinforced concrete — type, concrete, reinforcement;

« for reinforced concrete — material, additional characteristics, selection
restrictions.

12. Full calculation (static and structural).

13. Review and analysis of the results:

« for reinforced concrete — selection of reinforcement,

« for reinforced concrete — checking and selection of sections.

18



Topic 2: Calculation and design of a reinforced concrete beam

Laboratory Work No. 2
Creating a calculation model of a beam

Task. Perform the calculation of a reinforced concrete beam with a
rectangular cross-section measuring 30x60 cm, a span of 6 m, made of
concrete of class C25/30, reinforced with longitudinal reinforcement of class
A400C, loaded with a uniformly distributed load along the length with an

intensity of g=30kN/m. Analyze the results of the static calculation.

Purpose and plan of the session

Create a new project. Configure the program. Specify the calculation

and design option.

Create a geometric diagram. Specify boundary

conditions. Specify stiffness characteristics. Specify the load. Perform the

calculation.

Creating a new project

o
3

eates a new document

"X Delete.

Hr Import Data from.

s@ Import LIRA-CAD Model (*:s2)

Model type
.. Model type 1
{ Two DOF per node (translations X.2)
xoz

., Model type2

;v|-2 Three DOF per node (translations XZ
and rotation Uy) ¥XOZ

., Model type 3

;J‘3 Three DOF per node (translation Z and
rotations UxUy) XOY

., Model type 4
:/1‘4 Three DOF per node (translations XY.Z)

., Modeltype 5
Jﬁg Six DOF per node (translations X.Y.Z
and rotations UxUy,Uz)
., Modeltype 6
177§, Seven DOF per node (XY.Z UxUy.UZW)

o« Model type 15
315 One DOF per node - temperature

@ Generate Soil Model

To start working with LIRA-SAPR,
execute the Windows command: Start
» Programs » LIRA-FEM 2024.

To create a new file, open the

=
Programs Menu Kﬂfl select the New
item, then — The second feature of
the scheme (Fig. 25) — three degrees
of freedom in the node (displacement
X, Z, Uy), the XOZ plane.

In the Diagram Description dialog box
(Fig. 26), specify the file name and, if
desired, a comment (for example, the
date the diagram was created).

Fig.25 — Programs menu, selecting a
scheme feature
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Model type X

Model type

2 - Three DOF per node (franslations X, Z and rotation Uy) X0Z  ~ 4
?
Load values
© design
() normative
Problem name Beam

C] Output data in certain directory

Problem deseription
(up to 255
characters)

Fig. 26 — Dialog box Description of the scheme
Program settings

To set the units of measurement, you need to go to the Programs
,/'T_;\I
menu LJ, select Settings — Units of measurement from the drop-down
list. In the dialog box of the same name, set the necessary units: on the
Scheme tab — loads and material parameters — kN, on the Results tab
(stress — kPa, force — kN) — Fig. 27.

Units of measurement x Units of measurement X
Input  Qutput Reinforcement Input  Output Reinforcement
Geometry m -
Sections cm ~
Displacements, setflement mm ~
Loads t ~ m ~
Stresses t ~ m ~

Material properties

(EGC1.C2sigma ) L v [m d

Forces t ~ m w
Velocoity, acceleration m v sec hd
Temperature C w

Fig. 27 — Units dialog box
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Design options X

List of design options

1. Design option 1 +

-g@

Set as current one
Edit design option
Mo.: 1

Name: Design option 1

Analysis of sections by:
) bcF
(@]

© Forces

RC analysis
Building  pgn 5.2.6-98:2009 k-
code

0 Check pilot

= .
.Analyse reinforcement reinforcement (PR)

Main mode ~

Metal analysis

Building D8N 8.2.6-198:2014 v =
code

B select sections ChECk geciics 21

sections

Analysis of masonry structures

Building ~ =
. DBN B.2.6-162 v e

In order not to clutter up the
workspace with unnecessary panels, it
is advisable to display the three most
important ones on the screen using
the right mouse button: Selection
Panel, Projection Panel and Errors
and Warnings.

Selecting a calculation and design
option

For structural calculations according
to current standards, you need to click

the button & - Design options and
in the Design options dialog box,
select the required standard (DBN
V.2.6-98:2009) — Fig. 28. In the same
window, specify the calculation option
(by individual efforts or design
combinations of loads — DCL (or
forces — DCF).

Fig. 28. Design options dialog box

Creating a geometric diagram of the structure

To create a geometric diagram of a beam, you need to call the
Create flat fragments and meshes dialog box, on the Frame generation
tab, specify six elements with a length of 1 m along the first axis (along X)

(Fig. 29).

As a result, a geometric diagram of the beam will be constructed (Fig. 30).
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Create plane fragments and grids x

F |= B8 |& |4
Create frame
Angle of rotation aboutthe Z-axis 0

Coordinates ofthe 1stnode

B Specify with pointer Selectplane

x 0 m X0y X0Z YOZ

y 0 m Arbitrary

z 0 m Specify nodes

Spacing along the 1st axis Spacing along the 2nd axis
Value MNumber Value Number
L(m) # L(m) #

6.00 | |

B intersect with other FE

v X

-~

Fig. 29 — Dialog box Creating flat fragments and meshes

Fall-
.m I'I{.
O
-l

[C e ——1 [ R—

sIx

Fig. 30 — Created geometric diagram of the beam
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Setting boundary conditions

The node numbers on the calculation diagram are displayed on the
screen.

Display ) X i Display X
\ Elements |\ Nodes
_ONOoO Owd To display node or element numbers,
RONO[)| (Remgn you need to use the command button
Y 0l90 § 0w o ) )
;. 9 I\l ;D’ji € — Flags of Drowing, which calls
T, E-'i- ' the Display dialog box (Fig. 31), where
O O you need to check the corresponding
—ON —0& boxes on the Elements and Nodes
Tor il TN tabs. In this case, it is worth activating
o —om the Apply automatically option.
o - O 57
O Des,
Oc10£ Off
O v
O
gl 70 ? ¥ 70 ? Fig. 31 — Display dialog box (Elements
‘Eats nfﬂag‘s | |5915 of flags | and NOdeS tabS)
S| X80 S| X80
Apply selectively Apply selectively
H @] H 0
3 #|, i &

Activate the command button & Mark nodes, mark node Nel (it

will be displayed in red). To specify the nodes, use the button . . In the
Nodes dialog box, mark the directions in which node Ne1 is prohibited from

moving (Z — hinged-movable support), click + — Add nodes in marked
nodes. Then mark node Ne7. In the Nodes dialog box, mark the directions

X, Z (hinged-fixed support) and click + .
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Creating and assigning stiffnesses

El

Click the button “tﬂ'— Element stiffnesses and materials. In the

Stiffnesses and Materials dialog box (Fig. 32), create a list of stiffness

types. On the Stiffnesses tab, click the Add button, select the Standard
cross-section types tab, and activate the Beam cross-section.

B | stiffness and materials X I _
Assign properties: ("Jonly current tab Define parameters for new stiffness type and add itto the
list
1@ stiffness: ~
‘ W 1. Rect. bar 30 X 60 (Beam) | Y ‘ | ® | | ?
1 I EE
= Standard types of sections
[ materials: 1 + T
o e s Rectbar  T-secion T  T-section_L
?
[ Pilot reinforcement: E
I-section Channel Box
Properties | RC | Metal | Brickwork| PR type | = @ @ +|§
List of stiffness types
Ring Beam Cross
] 1. Rect. bar 30 X 60 (Beam)
t r T
Angle Asymm.T-se.. Asymm.T-se..
L 4
i
i
Edit... Rect bar* I-section™
Display...
Copy
Delete
Yyl > 1
4y >

Fig. 32 — Stiffness and Materials dialog box

In the Specify Standard Section dialog box (Fig. 33), enter:
- modulus of elasticity for concrete of class C25/30
— E = 32500000 kN/m? (or 3.25e+007 — written in exponential form,
with English keyboard layout);
- geometric dimensions — B = 30 cm; H = 60 cm;
- material density — Ro = 25 kN/m?2.
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To display a sketch of the created section, click the Draw button, then

R

confirm After that, assign the specified stiffness to the beam

elements.

Define standard section X
Section  Siffness
Stiffness properties for section
© calculate automatically by section dimensions
() Edit on 'Properties' tab

C:,‘J Account of nonlinearity

E 3.25e+007 KN/m2 .
v 0.2
B 30 cm g ¥1
2
H 60 cm
Ro 25 kN/m3 30.00
Step-type Tterative

r T
Unloading with initial stiffness Account of shear @

Reinf. pattern andfor nonlin.
diagram for reinf. by PR Type

Comments Colour

]
2] x]

Fig. 33 — Define standard section Dialog box

Setting a load

On the Loads panel, select the Load command, and from the drop-
down list, select Load on a member (Fig. 34).
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A L{ ] LoadonBar

Generates load on bars

é Load on Solids

Super Super-load

M . .
j %t Time History Analysis

i

vo

-

Edit Loads

Fig. 34 — Command Load on a rod in the drop-down list

The Load specification dialog box will appear (Fig. 35), in which the
radio buttons indicate the Global coordinate system, the direction of the
load action — along the Z axis. By clicking on the uniformly distributed load

button I , the Parameters dialog box will be called. In this window,
you need to enter the load intensity P = 30 kN/m (Fig. 35) and click the

button ‘/— Confirm.
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B | Define loads X

6l 3 | b gl E]

Loads on bars

Coordinate system

©Q Global (Local

Direction . Uniformly distributed I... X
Ox Oy 0z Ow

Load type

P30 kN/m

B ! y I l [ J1gnore offsets

== Only for torsion

> +;J:\Y 2 14"-}4'-}0

A RN dyr 0O m
= -"l e C dzi 0 m
t1 m—— I
oAl | FTT

Currentload

C] Projective

Comments

- ?
v X ?
Fig. 35 — Dialog boxes for specifying loads

Using the button =) - Mark elements, mark all the elements of the

beam. In the dialog box Load definition, also click the button "/— Confirm.
A linear load of 30 kN/m evenly distributed over the entire length will
be applied to the beam (Fig. 36).

Fig. 36 — Applied load

To specify information about the load, you must use the button
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e

Edit load

cases  — Edit Load cases on the Loads panel, Create and edit tab. The
Load Editor dialog box will appear (Fig. 37), in which for load 1 in the Edit
selected load field, you must select the Constant ribbon from the View list

and click the button */

B | Edit load cases %

| Building DBN B.1.2 - 2:2006 v
| Edit selected load case l
|

1 Load case 1
Name

Subproblem 1. Main problem: C1. Main problem; D1. Main pri

Type v o
Nodal loads: Dead(D

Live (L)
Short-term (Sh)
Crane (Cr)
Surge (Su)
Earthquake(E)
Occasional (Oc)
Instant (I}

# Load clInactive (N/a)

List of load ca

+

i

1 Load case 1 1. Main problem: C...

+4
v

Q.
>

SIS IR E AL

Set as current one 4

Fig. 37 — Load Editor dialog box

28



You can specify advanced load information before generating the load.
Full beam calculation.
Before starting the calculation, it is recommended to save the created

calculation scheme. To do this, use the H — Save button on the quick
access panel. In the Save As dialog box, give the file a name and select a

folder for saving. To calculate, click the “* — Perform calculation button
on the Analysis tab.

Laboratory Work No. 3

Analysis of static calculation results and beam design

Purpose and plan of the session

Review and analyze the results of the static calculation of the beam.
Display the force diagrams in the beam elements on the screen. Create
tables of calculation results.

Assign material parameters for structural calculation. Analyze the
results of reinforcement selection in the beam elements. Display the results
on the screen in the form of a mosaic and reinforcement diagrams. Design
the beam.

Viewing and analyzing static calculation results

To switch to the static calculation results visualization mode, go to the
Results tab. In the calculation results viewing mode, the calculation
diagram is displayed by default, taking into account the displacements of

the nodes (Fig. 38). To display the initial diagram, click the button m
(Deformations panel on the Results tab).

Fig. 38. Calculation diagram taking into account the displacement of nodes

To view the force diagrams, use the command buttons IE‘ (Force

in Members panel on the Results tab) — Fig. 39. The force diagrams are
shown in Figs. 40 and 41.
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Mosaic Plot* Q= ' 1 Lf

Fig. 39. Forces in Bars panel

Fig. 40 — Bending moment diagram

Fig. 41 — Diagram of transverse forces

To generate and view tables of calculation results, select the
Standard Tables command in the Documentation drop-down list (Tables
panel on the Analysis tab) — Fig. 42.

=

|Document5|

Standard Tables (Ctrl+Shift+T)
Q Interactive Ta Creates and displays text

tables
DOCUMENTER

Tables of BRIDGE Solver

_L{.i Explanatory Motes

gm Report (previous format)

Fig. 42 — Standard Tables command
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In the Standard Tables dialog box, select the Efforts tab (Fig.

and click the button "/

ables

Input data  Output data

[[] Addtable to Report Book

Formatfortables:  CSV(*.csv) Other.

Analysis protocol
Displacements

Reinforcementin elements
Total loads

Choose load case No.

All load cases

Load case numbers

" Load case 1

Fig. 43 — Tables dialog box

43)

The program will generate tables with the results of static beam
calculations — moments and shear forces in the elements of the calculation
scheme (Fig. 44).

1. Beam: Forces (01)

ST 2 _ * * v
Transfer Save Paginate Previous Next Filter
Measurement units for forces: kN
Measurement units for stresses: ki/m2
Measurement units for moments: kN*m
Measurement units for distributed moments: (kN*m)/m

L.C... StE/FEtype ELEM SECT N, kN MY, kN*m  QZ, kN
1- Load case 1
1 10 1 1 0.0 0.0 90.00004
1 10 1 2 0.0 41.25001 | 75.00003
1 10 1 3 0.0 75.00003 | 60.00002
1 10 2 1 0.0 75.00003 | 60.00002
1 10 2 2 0.0 101.2500 | 45.00002
1 10 2 3 0.0 120.0000 | 30.00001
1 10 3 1 0.0 120.0000 | 30.00001
1 10 3 2 0.0 131.2500 | 15.00000
1 10 3 3 0.0 135.0000 0.0
1 10 4 1 0.0 135.0000 0.0
1 10 4 2 0.0 131.2500 |-15.00000
1 10 4 3 0.0 120.0000 | -30.00001
1 10 5 1 0.0 120.0000 | -30.00001
1 10 5 2 0.0 101.2500 | -45.00002
1 10 5 3 0.0 75.00003 | -60.00002
1 10 3] 1 0.0 75.00003 | -60.00002
1 10 3] 2 0.0 41.25001 |-75.00003
1 10 6 3 0.0 0.0 -00.00004

Fig. 44 — Table of forces in beam elements
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Setting material parameters for structural calculation

On the Reinforced Concrete (RC) tab in the Stiffness and Materials
dialog box, you need to set the parameters for designing reinforced
concrete structures: type, concrete, reinforcement (Fig. 45). To do this,
select the Type radio button and click the Edit button.

® | Stiffness and materials X
Assign properties: ["Jonly current tab ]
B stiffness: ‘/ i

&[] 1. Rect. bar 30 X 60 (Beam) | Y I
@ vaterials:  DBN B.2.6-98:2000 W D.Option 1 + %
Type: Concrete: Reinforcement:
1. Beam.Beam 1. C25/30. 1. A400C.A400C....
?
[ pilot reinforcement:
=

Properties  RC l Metal ] Brickwork] PR type]
Define data for analysis of reinforced concrete (RC) structures

1 (1). €25/30.

(O Tvee
© CONCRETE

() REINFORCEME
L
¥

Copy

Delete

<< | >> 0@k i

Extra

[ Set as current one ] Settings...

[ uist for fragment @ @F F B

Fig. 45 — Stiffness and Materials dialog box, Reinforced Concrete tab
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The Materials for Calculating Reinforced Concrete Structures
dialog box will appear (Fig. 46), in which you should left-click in the Bar
field. In the upper right corner, specify: calculation type — Beam,
reinforcement — Asymmetric, system — Statically determinate, uncheck the
Select corner bars command (for beams, use the discrete reinforcement
algorithm). In the Concrete field, select concrete class C25/30. In the
Reinforcement field, specify: longitudinal — class A400C, transverse —

R

A240C. To save the entered data, click the — Confirm button.

57 DBN B.2.6-98:2009 Material properties for analysis of RC structures X
OTwE B8R [ editable tables DB 8.2.6.98:2008

# Name Analysis .. Sym... Botto... Top(.. Side(.. SLS long-... Short.. Spacn.. Lengt.. Efle.. Ly 1z Desi... .

1(1) Beam Beam A 3.00 3.00 3.00 + 0.30 0.40 D10mm 0.00 ELF 0.00 0.00

Class of cancrete (=
Aggregate Silicate aggregate
Strass-strain diagram

bilinear stress-strain disgram of concrete

PLATE Relative humidity, % 80

£ Hame Anahysist.. Reinfo.. Botto.. TopX.. Botio.. Top¥.. 1sgm. SIS Longt.. Short-.. Spaci.. Effect.. Heigh.. Coef. taking account of long term effects,
on the compressive strength

Coef. taking account of long term effects |
on the tensile strength =
Coef. taking account of fracture in '

o, 1

1
concrete siruciures = .

Coef. for structures where concrete is
placed vertically

Ultimate value of parameter (table 6.12 1
DBN B.1.1-12:2014) L]
O concrere Accidental eccentricities (bar)

1

Yy
s
T

= Name Qasso.. fok. fok. Ec. Swess.. Relativ.. Acc.. Act.. G2. Ge3. GUR. SEY.. SEZ.. along section height BV D ar
1(1) aspe 300 18 3250... bilinear...  80.0 100 100 100 100 100 0.00 0.0 along sedtion width EZ o ar

{8 Clarify pattern of arack propagation

€25/30 (MPa)
f_ck_cube 30.00
= f_ck_prizm 22.00
(O REINFORCEMENT =y =
£  Mame RXL.. k=ftk.. E_uk.. RYL.. k=ftk.. E_uk.. RTT.. k=ftk.. E_uk.. Rca.. S1,F. S2,P.. D.. MN,.. St. stf |fdm 2.60

1(1) A400... 105 250 A400.. 105 250 A240.. 108 250 Ted.. 100 100 32 1 Ttk 005 180
fatk 035 340

gama_ct 150
Eam 32500.00
Eck 29000.00
Ecd 25000.00
Eps cl_ck(“1000) 176

21X+ % % =52l ® F &l | ([ Con TR
Fig. 46 — Materials dialog box for calculating reinforced concrete
structures

Use the =) button to select all beam elements. The elements are
highlighted in red. In the Stiffness and Materials dialog box, click the

R

button to confirm. Close the Stiffness and Materials dialog box. To

view the assigned stiffnesses, click the iﬁ | button to open the Display
dialog box, and on the Elements tab, select the Stiffness Types check box.
The program will display the assigned stiffness type (1) for each finite
element (FE).
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Reviewing and analyzing the results of beam reinforcement

a8

Analysis

On the RC tab, click the i — Reinforcement Calculation button
and review and analyze the reinforcement results. To do this, select the
Asymmetry command on the Bar Reinforcement panel to set the display
mode for asymmetric reinforcement (Fig. 47).

Properties” (PR)” M, Torsion Mosaic™ - I
Ju : | : P | Punching Shear | i
Fig. 47 — RC tab
] B E D % - 3@,@1
3 ] B - [
Diagrams| Asymmetric | Ope

/Mosaic” - ¥ v LIRA-

Asymmetric Reinforcement

Displays asymmetric
reinforcement in sections of
bars

Fig. 48 — Asymmetric reinforcement command

The program displays the selected reinforcement either in a color
corresponding to the scale (on the scale, this reinforcement is presented as
the area of reinforcement in cm?) or in the form of a reinforcement diagram.
The user selects the desired display mode — in the first case, select the
Reinforcement mosaic in bars command, in the second case -
Reinforcement diagrams in bars (Fig. 50). To display the reinforcement at

the bottom edge of the beam, press the button E — Distributed
reinforcement AU1.
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liuni| OB B E#
As O E-O0 o G
|D|agrams Asymmetric _
B || Mosaic™ v CHE B O
L] Corner Reinforcement AU |—|—-| Mosaic Plot - Reinforcement in Bars
Displays area of longitudinal
reinforcement in t'he lower [tEI[ﬂ Diagrams of Reinforcement in Bars
corner of the section AU1 -
Fig. 49 — Reinforcement display modes
Fig. 50 — Diagram of selected reinforcement in beam elements
(longitudinal reinforcement AU1 near the bottom edge)
W1 Bar 4 « To view information about the selected
Nodes Na. %
D reinforcement in one of the SEs, click the -
Bler 4 Bock# 1 [JSelected Information about the node or element button on
e x50 oo the Selection Panel toolbar and point the cursor
FEtype  Sectmumber A: ID at the desired beam element (currently No. 4). In
10 3
Length, csnire of gravity coordinates the dialog box that appears (Fig. 51), go to the
iﬁf‘“fr;’;“mzm Longitudinal reinforcement tab (this window
- . . .
T contains complete information about the selected
11 T ([Doisplay NMQ

Longitudinal reinforcement

Reinf... AUL AU2
Total 3.51 3.51
Strength  3.51 3.51

AUz

AU4

Rei...
Total
Stre...

AS1 AS2  AS3 AS4

0.39
0.39

Transverse reinforcement Crack width

Spa... ASW1 ASw2 Short-...

Total

Long-t...
0.21

element, including the results of reinforcement
selection).

According to the calculation results, the area of
longitudinal reinforcement in the lower (tension)
zone of the beam is 702 mm?2. The required
number of rods is selected according to the
assortment—for example, 2014+216 class
A400C (the actual cross-sectional area will be:
307.7+401.9=709.6 mm?).

Fig. 51 — Element Information dialog box
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Topic 3. Calculation and design of reinforced concrete slabs

Task. Calculate a monolithic reinforced concrete flat slab with
dimensions BxL=3x6 m and thickness h=160 mm. The slab is freely
supported by its shorter sides on the walls. Perform the calculation for a
6x12 grid under the following loads:
v' load 1 - dead weight of the slab;
v' load 2 - quasi-permanent, evenly distributed over the entire
area of the slab p2 = 0.35 kPa,;
v' load 3 - short-term, evenly distributed over the entire area of
the slab p3 = 1.15 kPa.

Laboratory Work No. 4

Creating a calculation model of a slab, static calculation

Purpose and plan of the session

Create a new task. Create a geometric diagram of the slab. Set
boundary conditions and calculation options. Simulate two loads and set
detailed information about them. Generate a table of calculated load
combinations (DCL). Perform a complete calculation of the model.

Creating a file

Model type x  To create a new file, click
Model iype the New button on the
3- Three DOF per node (translation Z and rotations Ux, Uy} XOY  ~ :: QUICk ACCGSS TOOlbar- |n

- the Diagram Description
Load values H H
© dosion dialog box, specify the

() normative

Problem name Plate 3x6

("] Output data in certain directory

Problem description
(up to 255
characters)

Fig. 52 — Model type dialog box
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Diagram Type — 3 — three
degrees of freedom in the
node (z, Ux, Uy
displacement) XQOY, the file
name, and, if desired, a
comment (Fig. 52). Click the

— Confirm button.



Creating a geometric diagram of the slab

M- a Gall ) — T

I:I:I Frame Copy Pack Move
¥  Model T

A Beam Grillage oy
it Properties Lg
E Wall-beam

/5 Slab
==, Create Slab
Generates slab
Create plane fragments and grids X
FH = |l & ||
Create slab
Angle of rotation aboutthe Z-axis 0
Coordinates ofthe 1stnode
Specify with pointer Selectplane
% 0 o X0y ()x0z ( Yoz
] m Arbitrary
70 m Specify nodes
Spacing along the 1st axis Spacing along the 2nd axis
Value Number Value Number
Lim) # L{m) #
050 6 [ {050 12 |

On the Creation and Editing tab,

click the I:H - Generation of Flat
Fragments and Grids button to open
a drop-down list, where you can
select the Slab Generation command.

Fig. 53 — Calling the Slab Generation
command

The Create Flat Fragments and
Grids dialog box will appear. In the
table, set the step along the first axis
to 0.5 m and the number of steps to
6; along the second axis, set the
step to 0.5 and the number of steps
to 12 (Fig. 54). Leave the rest of the
parameters as default and click the

Confirm button "/ .

To save the information about

the created model, click the H
button on the quick access toolbar.

Fig 54 — Create Flat

Intersect with other FE

Setting boundary conditions

Fragments and Meshes dialog box.

To set boundary conditions, display the node numbers on the
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calculation diagram by activating the command button | W Node Marking,
select the nodes supporting the slab along two short edges with the cursor
— Nos. 1-7 and 85-91 (they will be displayed in red). To set boundary
conditions at the support nodes, open the dialog box Connections at

nodes by clicking the button A Connections (Stiffness and
Connections panel on the Create and Edit tab).

In the dialog box, select the directions in which node movement is

4

prohibited (Z — hinged support). To execute the command, click the -
Add restraints at selected nodes button. The color of the nodes will change
from red to blue, indicating that the command has been executed (Fig. 55).

50 o1

§5 36 57 ] 39
0
Bioyanisain o et 7 ] 2] 5 1
< > /

/ |
e [T 7777
7777
i /

[T 77777

/ ////
e

CrAcoK 4ng bparmenTa
4

/77
[T 7777
[ LSS

[ /S /

/

Fig. 55 — Setting constraints in the support nodes of the slab

Setting calculation and design options

For design calculations, click the button & — Design Options
(Design panel on the Create and Edit tab). In the Design Options dialog
box, specify the parameters for the first option design (selection of
reinforcement according to Karpenko's theory) — Fig. 56. In the same
window, select the calculation option (according to the design combinations
of forces - DCF) and the applicable standards. Click the Apply button.
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To create the second design option
(selection of reinforcement according to

CnucoK. BapiaHTIE KOHCTPYKIEAHHS CRErH

+  Wood's theory), click the button +
Create a new design option. Then

)

=
specify the following parameters:
design option name - Option 2;
Mpuarzsimy noTosn standards for reinforced concrete and
e nERae steel calculations; type of cross-section
Hzp [} “' calculation — according to RC. Enter the
iz | || data for the design option by clicking
PospasyHok Nepepizie no;
@FC3 mEe v | the J - Apply button.
(O PCH 3
(O 3ycunna
3ani306ETOHHWE POZPARUHOK
Hoprd | NBH B.2.6-98:2003 || Mapamerpu...

CTanesui pospaxyHoK.

Hopea | iy g 2 6-192:2014 + || Koswivieru

Fig. 56 — Design Options dialog box

Double-clicking on the Design Options List ribbon activates the
selected option in the graphical environment. Select the Option 1 ribbon and
click the Set as Current button. Close the Design Options window by

clicking the Close button EI
The materials for the design option are selected in the Stiffness and
Materials dialog box (Fig. 57).
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Fig. 57 — Stiffness and Materials dialog boxes, Add Stiffness

v
Stiffness for plates X

Section
Stiffness properties
© Calculate automatically by dimensions
() Coefficient to stiffness

() Account of nonlinearity

() Account of orthotropy

E 32500000  kN/m2 0
vz il
0
LI cm Ro 25 kN/m3
FE
type Step-type () Tterative
Plate, shell

Wall-beam
Unloading with initial stiffness

Reinf. pattern and/or nonlin.
diagram for reinf. by PR Type
Smaller dimension of plate
(") Account of shear
0 m
() six degrees of freadom in FE of shell
Comments Colour
Plate

x|

Creating and assigning stiffnesses
and material parameters

To set the stiffness type, click the button

El5
"4 to open the Stiffness and Materials
dialog box (Stiffness and Joints panel on
the Create and Edit tab). On the Stiffness
tab, click the Add button. In the Add
Stiffness dialog box, select the third tab —
Plate, Volume, Numerical — and activate the
Plate cross-section.

In the Set Stiffness for Plates dialog
box (Fig. 58), enter:
the modulus of elasticity for C25/30 concrete
— E=3.25e7 KN/m2;
- Poisson's ratio — V=0.2;
- thickness H = 16 cm;
- material density - Ro = 25 kKN/m3.

Fig. 58 — Stiffnesses for plates Dialog box
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—— - o To close the  stiffness
Assign properties: [ only current tab CharaCterIStICS llbrary, C“Ck the

%1 e 26 | ; Close button X| in the Add

: 1 Stiffness dialog box or the Add

@ Materials: D8N 8.2.6-98:2000 W D.Option 1 + X% button in the Stiffness and
E— p— PP Materials window.

1. SLAB. Flexure. 1. C25/30. 1. A400C.A400C.... On the Reinforced Concrete

? (RC) tab of the Stiffness and

(] il reinforcement: Materials dialog box, you need

to set the parameters for
reinforced concrete structures:

Properties | RC. | metal | arickvork | R tpe ~ . type, concrete, reinforcement
Define data for analysis of reinforced concrete (RC) structures F ! 59 !
A 1 (1). SLAB. Flexure. ( Ig' )
O e
(_) CONCRETE
"':_" REINFORCEME
1t
4
Copy
Delete Fig. 59 - Stiffness and
<</ >>| e f Materials dialog box,
Reinforced Concrete tab
[ Set as current one l Settings...

Select the Type radio button and click Edit.

The Materials for reinforced concrete structures calculation dialog
box appears (Fig. 60), in which you left-click in the Plate field. In the upper
right corner, specify: calculation type — Slab (bending), reinforcement bar
spacing — 200 mm. In the Concrete field, select concrete class C25/30, in
the Reinforcement field: longitudinal — class A400C, transverse — A240C.

)

Using the =4 — Mark elements button, mark all elements of the slab,
and the elements will be highlighted in red. In the Stiffness and Materials

R

To save the entered data, click the — Confirm button

dialog box, click the — Confirm button. Close the Stiffness and

Materials dialog box. To view the assigned stiffnesses, click the $‘|
button to open the Display dialog box, and on the Elements tab, select the
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Stiffness Types check box. The program will display the assigned stiffness
type (1) for each FE (finite element).

% ' DBN B.2.6-98:2009 Matenal properties for analysis of RC structures X
OTPE  BaR [Jedusble tables Name
Name Analysis... Sym.. Botto.. Top(. Side(.. SIS  long.. Short.. Spacn.. lengt.. Efle.. Ly Lz Desi.
acd Analysis type WALL. Compres.-Tension
Reinforcement by theory wood
System Statically Indeterminate
Analysis

() Analyse transverse reinforcement per 1 sq.m.

[ Normative properties of materials for
specificiemergency combination

PLATE
() Account of fire resistance
Hame Analysist... Reinfo.. Boto.. TopX.. Bofto.. TopY.. 1sgm. SLS Longt.. Short-.. Spac.. Efect. Heigh.., —
1 Shell Wood 300 300 300  3.00 + 030 040  SPl. -
Analysis precision, % % of reinforcement
Preliminary 20 MN 005
Basic L MAX 10
Range for bearing capacity coefficients
M 0.9 MAX 15
CONCRETE
Distance to g.c. of reinforcement
¥ name Class 0., fck. otk EG. SUESS. ReBV.. ACC.. A G GG GUR. SEY.. SEZ.. o 5
1 @530 300 18 3350.. bilnesr.. 80.0 LOD 100 100 100 100 000 0.00 = jx =
B oaxz: o
Reinforcement for punching shear analysis
(8 Analysis by serviceability imit states (SLS)
REINFORCEMENT
Cracks (long-term], mm 03
Name RXL. kefik. E_uk.. RYL.. kefk. Euk.. RTT.. k=Rk. Euk.. Re.. S1L,F. S2,P. D.. M. Stn. Stf b
Cracks (short-term), mm 04
1 A400.. 105 250 A400.. 105 250 A0.. 108 250 Tied.. 100 100 32 1
O Spacing of rebars, mm 100
() Diameter of rebars :
s x|+ % 4% 5] Q3 & «J

Fig. 60 — Materials dialog box for calculating reinforced concrete
structures

To specify materials for the second option of reinforced concrete
structures design, in the Stiffness and Materials dialog box (Fig. 59), use
the counter to switch to option No. 2. Then select the Type radio button and
click the Edit button. The Materials for reinforced concrete structures
calculation dialog box (Fig. 60) appears on the screen, in which you specify
the following parameters for plate elements:

* In the Plate field

- In the Calculation type line, select Plate (bending);

- Select the Select reinforcement according to Wood's theory
checkbox;

* In the Concrete characteristics field

- In the Concrete class line, select C25/30;

- in the Stress-strain diagram line - 2-linear;

« in the Reinforcement characteristics field

- in the Classes field - longitudinal - A400C, transverse - A240C;

- in the Reinforcement cage type field — knitted;

- maximum diameter — 25 mm;
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- leave the rest of the parameters as default.

R

To assign stiffnesses and materials to slab elements, click on the
S

button e — Mark elements on the Selection Panel toolbar. At the same
time, the stiffness — 1 should be set in the list of the current stiffness type.
Plate H 16, and in the list of current materials — Type 2. Slab (bending),
Concrete — 1. C25/30, Reinforcement — 1. A400C. Use the cursor to select
all elements of the diagram by stretching the “rubber window” around the
group of elements. In the Stiffness and Materials dialog box, click the

Apply button v . The color of the elements will change from red to blue,
which means that the elements have been assigned the current stiffness.
To switch to the first design option, in the Stiffness and Materials
dialog box, use the Current Design Option Number counter to select
design option 1. To assign materials to the first design option, clear the
Stiffness check box in the Assign to Scheme Elements field. In the
Stiffness and Materials dialog box, select line 1 in the list of general
properties of materials for reinforced concrete elements with the cursor.
Plate (bending), click the Assign as Current button. Select all elements of

v

After that, click on the button — Confirm.

the diagram with the cursor and click the Apply button
Loading tasks
Creating load No. 1
To set the load from the slab's own weight, click the I3 _ Add own

weight button (Load panel, on the Create and edit tab). The Add own
weight dialog box will appear (Fig. 61).
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Add dead weight X

Assign dead weightto:
elements by stiffness types:
8 standard

B metal
composite RC and steel

plates. solids, numerical

Qal
assembled at current stage

assembled at all stages

selected elements

(Jignore offsets in bars

Coefto gather load rom dead weight
1 = v

update dead weight specified earlier

i A B ?
Fig. 61 — Add Custom Weight dialog box

In this window, with the All circuit elements radio button selected and

a load reliability factor of 1 specified, click the Apply button v
(depending on the specified volumetric weight Ro, the elements of the
design circuit are loaded with their own weight) — Fig. 62.

Fig. 62 — Load 1 — dead weight of the slab (constant)
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Creating load No. 2
Change the number of the current load by clicking the Next load

button A in the status bar (in the lower area of the working window).
On the Load panel (Create and Edit tab), select the Load command,
and from the drop-down list, select the Load to Plates command (Fig. 63).

wv% L -,vi.;‘.vz.l, E

]
oacd™ " ® | g b
f{\ M % Centre .@ H v [E ¥

l' Load at Nodes
o]

-

lr Load on Bars
D —

Load on Plate

Generates load on plates

Super Super-load

A ) .
% t Time History Analysis

LW J

b Edit Loads
[ £ |

Fig. 63 — Load drop-down menu

In the Load Assignment dialog box (Fig. 69), specify the coordinate
system — Global, the direction of load action — along the Z axis.
To specify a uniformly distributed variable quasi-steady load, click

the command button , the Parameters window appears, in
which you enter the load intensity — P = 0.35 kN/m? (Fig. 64) and click the

button */ — Confirm.
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W Define loads

Xl 413l

Loads on plates

s ¥

Coordinate system

© Global () Local
Direction

Ox Oy 0z w
Load type

S

Current load

e ——
X

Uniformly distributed I... X

P 0.33 kM/m?2

¥l ¥ P
/ i/ X

D Projective

Comments

~

-3

v

X|?

Fig. 64 — Load Assignment and Parameters dialog boxes

Use the button ;@. to select all elements of the slab. In the Load

Assignment dialog box, click the button ‘/ — Confirm. A uniformly
distributed quasi-steady load with an intensity of 0.35 kN/m? will be applied

to the slab (Fig. 65).
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Fig. 65 — Load 2 — quasi-steady
Loading formation No. 3

Change the current loading number by clicking the button A -
Next loading in the status bar (in the lower area of the working window).

On the Loading panel (Creation and Editing tab) select the
Loading command, and from the drop-down list — the Loading on plates
command.

L, 53 To set a uniformly distributed variable short-term

P 1.15] KN/m2 %

load, click the command button , the
7 Yoop Parameters window appears (Fig. 66), in which you
N specify the load intensity — P = 1.15 kN/m? and click
N the button — Confirm.
C]Prnjective
Comments
Fig. 66 — Options dialog box
v X ?
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Use the button =) to select all elements of the slab. In the Load

Assignment dialog box, click the button ‘/ A uniformly distributed short-
term load with an intensity of 1.15 kN/m?2 will be applied to the slab (Fig. 67).

|
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Fig. 67 — Load 3 — short-term

e

Edit load

To specify additional information about the upload, use the ~ ©3s€s
— Upload Editor button on the Upload panel. The Download Editor dialog
box will appear (Fig. 68), in which, for download 1, select Permanent from

the View list in the Edit selected download field and click the ’/ -

Confirm button.

For download 2,

in the Edit Selected Download field, select

Permanent from the View list and click the "/ — Confirm button.
For download 3, in the Edit Selected Download field, select Short-

term from the View list and click the ’/ — Confirm button.
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You can also set advanced download information before creating
downloads.

| Edit load cases X

Building DBM B.1.2 - 2:2006 e
Edit selected load case

3 Load case 3
Name

Subproblem 1. Main problem: C1. Main problem; D1. Main pri ~
Type Shart-term (Sh) v/ &

Modal loads: 0; Local loads: 72;

List of load cases

# Load case name Subproblem Type +
1 Load case 1 1. Main problem: C... Dead(D) Zﬂ
2 Load case 2 1. Main problem: C... Live (L) =
3 Load case 3 1. Main problem: C... Short-term
LIy
L
+
A 4
?
2
i Set as current one Y

Fig. 68 — Download Editor dialog box

Generating the DCF table

Before starting the calculation, it is necessary to create a table of
design load combinations. This is done when several loads of different
durations are specified. According to building codes, reinforcement
calculations must be performed for the most dangerous combinations of
forces. Therefore, for further work in the Reinforced Concrete Structures
mode, calculations must be performed for DCF or DCL.
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The calculation of design force combinations (DFC) is performed
according to the criterion of extreme stress values at characteristic points of
element cross-sections based on the rules established by regulatory
documents (unlike the calculation of DFC, where the latter are performed by
directly summing the corresponding values of node displacements and
forces in the elements).

The dialog box is opened by clicking the button |ﬂ — DCF Table
(DCF panel on the Calculation tab) — Fig. 69.

In the Building Standards field, select DBN V 1.2-2:2006, which is
valid in Ukraine, from the drop-down list. For each load, specify the type of

load and click the button */ — Confirm.

B | Design combinations of forces (DCF) X

Number of DCF table 1 + EL o
Name of DCF table  DEN_1 ?

safety factor K
Building code DBN B.1.2 - 2:2006 ~

for ULS 1.00
< for SLS 1.00
Load case No. 1 7 loadcasel oo
— for emergency combin. .
Load case type Dead (0) 2 Default...
# of group of integrated d DCF coefficients
temporary load cases
porary # 1main  2main Emergen. merg.(n E 5 combin. & combin.
Acc;lu:t of sign \;anahmt‘\‘f 1 100 ‘0 a0 ‘ 100 ‘0 00 ‘0 00 ‘
# of the group of mutua
extlumve load cagas | o |2 [100 095 080 095 000 000
+## of the accompa- o o 3 1.00 0.90 0.50 0.80 0.00 0.00
nying load
Ratio of factors 110
Kt Koo
Ratio of Pq/ Pch 1.00
Do not consider for analysis by SLS
Restrictions for cranes and brakes

Summary table for DCF calculation:

L. Loadcase.. Type DCF parameters DCF coeficients

1 Load case 1 Dead (0) 0000000 1.10 1.00 1.00 1.00 0.90 1.00
2 Lloadcase2 Live .. 1000000 120 1.00 1.00 0.95 0.80 0.95
3 Load case 3 Short-term... 2000000 1.00 0.35 1.00 0.90 0.50 0.80

Fig. 69 — Design Combinations of Forses dialog box

Complete slab calculation

Before starting the calculation, it is recommended to save the created

calculation scheme. To perform the calculation, click the button \J
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Laboratory Work No. 5
Analysis of static calculation results and slab design
Purpose and plan of the session

Perform an analysis of the static calculation results. Display the
isopoles of displacements and stresses from each load on the screen.
Create tables of calculation results for the DCF.

Select reinforcement for the plate elements of the calculation
scheme. Review the results of the reinforcement selection on the screen
using the appropriate commands. Create tables with the results of the
selected reinforcement. Analyze the results for different design options.

Review and analysis of static calculation results
Static calculation results are reviewed and analyzed on the Results

tab. By default, in the results review mode, the calculation diagram is
displayed taking into account node displacements (Fig. 70).

Fig. 70 — Calculation diagram of the slab taking into account the
displacement of nodes

To display the diagram without numbering elements and nodes,

applied loads in the Display dialog box with the Elements tab active, you
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need to uncheck the Element numbers option, the Node numbers option
on the Nodes tab, and the Loads option on the General tab.

Displaying displacement isopoles
To display displacement isopoles in the Z direction (Fig. 71), select

the command ﬂ — Displacement isopoles in the global system, click the

button — Displacement isopoles along Z (Deformations panel on the
Results tab).

Fig. 71 — Isopole of displacements along Z

Displaying stress isopoles

To display the stress isopoles along Mu (Fig. 72), select the

Ll M
command — Stress isopoles, then click the button — Stress
isopoles along Mu (Stress in plates and solid FE panel on the Analysis

tab).
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Fig. 72 — Stress isofields along Mu

Changing the current load number

In the status bar (by default, it is located in the lower area of the
working window), select load No. 2 in the Change load number list, then No.
3, analyzing the calculation results for each.

Generating and viewing tables of static calculation results

To display tables with the values of calculated force combinations in

the elements of the diagram, select the command Q — Interactive Tables
from the drop-down list Documentation (Tables panel on the Analysis
tab) — Fig. 73, a. In the Form Editor dialog box (Fig. 73, b), select the RCS

(bars) row and click the ‘/ — Confirm button.
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Fb‘ B | Form editor
_ﬂ Nodes

Displacements
Documents| Elements
Soll properties
Properties
Dynamic nodal load
AR . MNodal loads
_ﬂ Analysis Results Tables for RC Local loads
Forces(bars)
Forces (plates)
Reinforcement (plates)
Standard Tables x Forces (spec. elem.)
Forces (solids)
Reinforcement (solid)
DCL coefficients
24 Interactive Tables Frequencies
Mode shapes
Weights of masses
. . Inertia
1 Interactive Tables (Ctrl+Shift+G) Acceleration
. DCF parameters
Creates and displays DCF coefiicients
5 . DCF (bars
interactive tables DCF (plates)

— =F 7

i x

-

Create new form

Delete form

B lL]l )
g‘| Report (previous format) e

a) b)

Fig. 73: a — command to open the Interactive Tables dialog box; b — Forms
Editor dialog box

The program will generate tables with the results of static slab
calculation — design load combinations (DLC) in FE (finite elements) of the
calculation scheme (Fig. 74).

PC3 (nnacTusn)
Sycunns (HanpymeHHA)
. Lo N Nz Tx Txz Mx M Mx 0x [% Rz

P cxcu | B cxosmus | Kpes/oeios | Tpyna 203 | Kperepi | oo ‘ : K]IY” ‘ e ‘ 1 ﬂ:’ ‘ e ‘ o ‘ (ldyﬂ ‘ ] KHY) ‘ e | 4 xnym | ™ R
18 2 - Al 1 0,000 0,000 | 0.000 0.000  0.000 1.4l 25,660 0.141 0. 1,238 0,000 123
19 2 - a1 1 0.000  0.000 | 0.000  0.000  0.000  1.441  25.660 - 0.141 0. - 1238 0.000 123
30 2 - u 1 0.000  0.000 | 0.000  0.000 0.000  1.821 25,512 0.046 0,194  1.247 0.000 123
31 2 - al 1 0.000  0.000 | 0.000  0.000  0.000  1.821  25.512 - 0.046 0.194 - 1,247 0.000 123
42 2 - a 1 0.000  0.000 | 0.000  0.000 0.000  1.821 = 25.512 | - 0.046 - 0.134 1.247 0.000 123
43 2 - Al 1 0.000 0,000 | 0,000 0,000 0,000 1.821 @ 25,512 0.046 - 0.1%4 - 1,247 0,000 123
54 2 - a1 1 0.000 0.000 | 0.000 0,000 0.000 | 1.441 @ 25.660 - 0.141 1.238 | 0.000 | 123
55 2 - u 1 0.000  0.000 | 0.000  0.000  0.000 1.4l = 25.660 0.141 0.000 123

Fig. 74 — Table of DCF in slab elements
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Slab design
Review and analysis of reinforcement calculation results

After calculating the task, review and analyze the reinforcement
results on the Design tab. To select reinforcement in the diagram elements,

@
click the AN3YSIS putton on the Calculate panel.

To view information about the selected reinforcement in one of the

plate elements, click the Y‘ — Node or Element Information button on the
Selection Panel toolbar and point the cursor at any plate element. In the
dialog box that appears, go to the Longitudinal reinforcement tab (this
window contains complete information about the selected element,
including the results of reinforcement selection). Close the dialog box by

clicking on the button 5' — Close.

Viewing selected reinforcement

To view the area of the bottom reinforcement in the plates in the X1

axis direction, click the button @ — Bottom reinforcement in plates along
the X1 axis (Plate Reinforcement panel on the Design tab) — Fig. 75.

To view the area of the lower

@ g9 &8 3 - reinforcement in the plates in the Y1

Mossict Yy @ @ axis direction, press the button g -

2 ] . Lower reinforcement in plates along
seqments® @ & ' @ the Y1 axis (Fig. 76).

Fig. 75 — Plate reinforcement panel
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Fig. 76 — Bottom reinforcement in plates along the Y1 axis

Forming and viewing tables of reinforcement selection

2 From the drop-down list
|D0cuments| Documentation (Fig. 77), select
- the command Tables of results

(Tables panel, Design tab), call

the dialog box Tables of results

(Fig. 78). In this window, in the

Ty Tables of Results Elements field, click the Plates
Tables of results button.

EE]
Ijﬁ Analysis Results Tables for RC

I:' Sta

Interactive Tables

DOCUMENTER

___4:',’ Explanatory Notes

';jj[]] Report (previous format) Fig. 77 — Calling the Table of
Results command for RC

Changing the design option humber
To view and analyze the results for other design options, open the Design

Options dialog box by clicking the Design Options button ¢ (Design tab
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on the Design panel). To switch to another design option, select the
corresponding line in the List of Design Options for the Schematic in the
Status Bar.

Tables

. Input data Output data

[[JAdd table to Report Baok

Formatfortables:  CSV(*.csv) Other

i

o

Design options

Analysis pratocol
Displacements

= Forces

DCF. design values

DCF. design values (live)

DCF, nermative values

3 DCF. normative values (live)

Total loads

Reinforcement

()in bars

©in plates

(O explanatory notes

Fig. 78 — Tables dialog box

By default, the radio button is enabled for all items in the Create
Table field (if necessary, you can select the items that interest you and
enable the radio button for the selected items). When you click the Table
button, the command to add the created table to the Report Book will be
executed on the screen. Fig. 79 shows a table with the results of the
selected reinforcement in the plates (for the first design option).

4 Plate 3x6: Reinforcement in plates [Variant 1] (01)

W e | e ¥ v i & a [ 2
Open CSV Save Paginate Previous Next Filter Select Update Font Notes  To Report
Analysis results of reinforcement for plates, DBM B.2.6-98:2009, Design option 1, Analyse reinforcement
Analyse reinforcement

GR Element AS1 AS2 AS3 AS4 %X %Y %X ASW1 ASWZ Shart. Long.

1 - Slab / h=16.00 cm/ Concrete C25/30/ Reinforcement: longit. Ax: A400C, Ay: A400C/ transverse A240C/ Spacing of rebars 100 mm

1 19 0.80 2.24 0. 7.52 0.19 0.52 0.71 0.29
1 19 0.80 1.60 0.80 7.52

1 31 0.80 4.64 0.80 8.32 0.34 0.57 0.91 0.27
1 31 0.80 4.64 0.80 8.32

1 43 0.80 4.64 0.80 8.32 0.34 0.57 0.91 0.27
1 43 0.80 4.64 0.80 8.32

1 55 0.80 2.24 0.80 7.52 0.19 0.52 0.71 0.29
1 55 0.80 1.60 0.80 7.52

Fig. 79 — Table of reinforcement results in plates
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Topic 4. Calculation of areinforced concrete frame of a multi-story
building. Design of columns and beams

Task. Perform calculation of transverse reinforced concrete frame (Fig. 80)
for static loads (Figs. 82-85). Perform the calculation for the following loads:

+ first — from the dead weight of the structures;

» second — snow (evenly distributed over the roof) — g2= 8.48 kN/m;
+ third — from the weight of equipment (evenly distributed on the floors in

the extreme spans) — gs= 30 kKN/m;
» fourth — from the weight of equipment (evenly distributed on the floors in

the middle spans) — gs= 30 KN/m;
+ fifth — wind from the right — P1 = 2.88 KN/m; P2 = 3.3 KN/m.

Each load should be formed separately.

£
nepepis
KOMOHHU
=z
0
i
o
i
E nepepis
3 purens
6.0 M 60M 6.0M X
|1O

Poamipu -y cm

Fig. 80 — Frame diagram

Fig. 81 — Cross-sections of frame
elements
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,=8,48 kH/m

P P P I R

3=30 kH/m

=30 kH/m

P,=33kH

q,=30 kH/m

i
;=30 kH/m

CTTTTT

X P,=2.88 kH

Fig. 82-85 — Frame element load diagrams

Laboratory Work No. 6
Creating a calculation model
Purpose and plan of the session

Creating a new task. Generating a geometric diagram of the frame.
Setting boundary conditions. Selecting a design option. Setting stiffness
parameters and material parameters for the elements of the diagram.
Forming loads on the frame elements. Generating a table of calculated
force combinations. Setting calculated cross-sections for the beams.
Complete calculation of the frame.
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Creating a new task

On the Quick Access Toolbar, click the

— New button. In the

Diagram Description dialog box, enter the name of the task: “Flat Frame,”
and in the Diagram Type list, select the line 2 — Three degrees of freedom

in a node (X, Z, Uy displacement). Click the ‘/ — Confirm button.

Creating a geometric frame diagram

Create plane fragments and grids X
Create frame
Angle of rotation about the Z-axis 0
Coordinates ofthe 1stnode
B Specify with pointer Selectplane
x 0 m X0y X0Z YOZ
vy 0 m Arbitrary
70 m Specify nodes
Spacing along the 1st axis Spacing along the 2nd axis
Value Number Value Number
L{m) # L(m) #
6.00 3 [ 360 3 |
B Intersectwith other FE
& X ?

On the Creation panel (Creation

and Editing tab), select the A _
Frame Generation button and
Frame Generation in the drop-
down list.

The Create Flat Fragments
and Meshes dialog box appears
(Fig. 86), in which you can set the
frame parameters:

+ step along the first axis
X)-L=6m;

* number — N=3;

. step along the second
axis (Z) - L=3.6 m;

* number — N=3.

Fig. 86 — Create plane fragments
and grids dialog box

After clicking the Apply button */ , the created frame will appear (Fig.

87).
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Fig. 87 — Geometric diagram of the frame with dimensions,
numbering of nodes and elements
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After creating a diagram (especially if it
has been edited by adding or deleting nodes
and/or elements), it is recommended to
perform  repackaging by ) clicking  the

T

Nakoeka

Repackage Diagram button Teew 0N the Edit
panel.

In the Pack dialog box (Fig. 88), click the

Apply button v , and the program will

renumber the nodes and elements of the
diagram.

You can pack the diagram multiple times
at any stage of creating and editing the
calculation diagram.

Fig. 88 — Packaging dialog box
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Setting boundary conditions

To mark nodes NeNel-4 (nodes connecting

® | Restraints on nodes X )
Visualize restraints columns to foundations), click the button &2

<</l == Mark nodes on the Selection Panel (by default, it
Parameters of restraints is located in the lower area of the working
@Bx [ux window). The nodes will be colored red. Next,
Oy @w Ow ) vér .
@: Ouw click the command button — Restraints
Dall (Rigidity and Restraints panel on the Create and
Boundary conditions Edit tab), and the Restraints in Nodes dlalog box
Xz 4 will appear (Fig. 89).

- In this window, activate the constraint

parameters, i.e., the directions in which node
- movement is prohibited (X, Z, UY), and click the

Add Constraints to Selected Nodes button + .
The nodes will turn blue, which means that the
boundary conditions (constraints) have been set.

@ uist for fragment 4 Fig. 89 — Constraints at Nodes dialog box

Selecting a calculation and design option

For structural calculations in accordance with current standards, click

-~

the button & — Design options and select the required standard in the
Design options dialog box (Fig. 90) — DBN V.2.6-98:2009. In the same
window, specify the calculation option (by individual forces or by design load
combinations — DCL (or forces — DCF). In this task, it is necessary to
perform calculations for several loads, so select DCF.
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Design options

List of design options

Set as current one

Edit design option

No.: 1

Name: Design option 1

Analysis of sections by:

©DCF  Add new DCF table
[@]:lo8

() Forces

RC analysis

Building  pgp B.2.6-08:2009
code

B analyse reinforcement [ heck{nior

Main mode o

Metal analysis
Building DBN B.2.6-198:2014
code

Check specified

B select sections N
sections

Analysis of masonry structures

Building | gy g5 6-162
code

reinforcement (PR

)

2

k-]

|

Fig. 90 — Design Options dialog box
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Click the Stiffness and Materials button
Connections panel on the Create and Edit tab) to open the Stiffness and
Materials dialog box (Fig. 91).

In this window, click the Add button and in the Add Stiffness dialog
box, select the first tab — Standard Cross-Sections, activate the Beam
cross-section.

Setting stiffness parameters and material
diagram elements
E
L)

% (Stiffness and

parameters



| Stiffness and materials X ‘ B Add stiffness

[Jonly current tab Define parameters for new stiffness type and add itto the .}J

Assign properties:

list

B stiffness: J ~
& 1. Rect. bar 40 X 60 (Kolumn) Y :
T mlz e e |
3 Standard types of sections
[ Materials: i + LA e
i
<no <no <no> Rect bar T-section_T T-section_L
?
(] pilot reinforcement:
I-section Channel
Properties I RC I Metal } Br\ckworkl PR typel e @ % IE
List of stiffness types
= ] 1. Rect. bar 40 X 60 (Kolumn) Ring Beam Cross
Angle Asymm.T-se.. Asymm.T-se
2
Edit... Rect bar** l-section™
Display
Delete
kg > o T
he v
a b

Fig. 91 — Dialog boxes: a — Stiffnesses and materials,
b — Add stiffness

In the Standard Cross-Section Settings dialog box (Fig. 92), enter the

following data for the column:
- modulus of elasticity of concrete class C16/20 — E = 2.7e7 kN/m?Z

(for English keyboard layout);

- geometric dimensions — W =40 cm; H = 60 cm;

- specific weight of the material - Ro = 25 kN/m?2,

To see a sketch of the cross-section being created with all
dimensions, click the Draw button.

Press the Apply button J to confirm the data entry.
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| Define standard section X
Section  Stiffness
Stiffness properties for section
O calculate automatically by section dimensions
() Edit on 'Properties' tab

() Account of nonlinearity

E 27000000 kN/m2 L
v 0.2
B 40 cm =] 1

i 5

2
H &0 cm
Ro 25 kN/m3 2000
Step-type Iterative

r with initi
Unloading with initial stiffness Account of shear ()

Reinf. pattern and/or nonlin.
diagram for reinf. by PR Type

Comments Colour

Kolumn -
] x]

Fig. 92 — Dialog box for speéifying a standard cross-section (rectangle)

Next, in the Stiffness and Materials dialog box, go to the
Reinforced Concrete tab to set the parameters for reinforced concrete
columns. To do this, select the Type radio button, then click the Edit button.
This will bring up the Materials for Reinforced Concrete Structures
Calculation dialog box.

In the Materials for reinforced concrete structures calculation
dialog box (Fig. 93), specify the following parameters for columns:

* in the Bar field:

- name — Column;

- reinforcement — symmetrical (since the column is centrally
compressed);

- select corner bars;

- design length — specify the coefficient — 0.7;

* in the Concrete field — select class C16/20 from the list;

* in the Reinforcement field — select class A400C for longitudinal
reinforcement and A240C for transverse reinforcement from the list.
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Press the Apply button

'z/ to confirm the data entry.
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Define standard section x|
Section Stiffness
Stiffness properties for section
O Calculate automatically by section dimensions ‘
) Edit on 'Properties’ tab.

") Account of nonlingarity ‘

£ 307 KNim2
v o2

B L cm
Hoo& em

BL 40 cm
Hoo» cm

Ro 35 kN/m3

Account of shear

Comments Colour
Beam

v| x|

x for calculating reinforced concrete structures
(for columns)

To assign stiffnesses and materials to
columns, mark all vertical frame elements. The
latter will be colored red. In the Stiffnesses
and Materials dialog box, click the Apply

button %" . The selection is removed from
the elements, which means that they are
assigned the first stiffness type — 1. 40x40
beam (columns).

To set the second type of stiffness (for
beams), activate the Tavr_T cross-section in
the Add Stiffness dialog box. In the Set
Standard Cross-Section dialog box (Fig. 94),
enter:

- elastic modulus —

E = 3e7 kN/m?;

- geometric dimensions —

B=20cm; H=60cm;

B1=40cm; H1 =20 cm;

- density - Ro = 25 kN/m?2.

Fig. 94 — Dialog box Setting the standard cross-section (tavr)

66



To see a sketch of the cross-section being created with all
dimensions, click the Draw button.

Press the Apply button 'tz/ to confirm the data entry.

To create stiffnesses and materials for beams, double-click on the
second type of stiffness (tavr), assigning it as current (Fig. 95). On the Z/b
tab, click the Edit button.

Assign properties: (] only current tab
Stiffness: ~
‘ Tl 2 T-section_T 20 X 60 (8eam) ‘ Y
1
B materials: DBN B.2.6-98:2009 "W D.Option 1 +
Type: Concrete: Reinforcement:
1. Beam. 1. C20/25. 1. A400C.A400C....
9

[T pilot reinforeement:

Properties  RC } Metal | Brickwork | PR type |

Define data for analysis of reinforced concrete (RC) structures

1. Beam.
OTvre

() CONCRETE

(C) REINFORCEME

L
+

Copy
Delete

<</>> mh

Exra

Set as current one Settings...

[ ist for fragment > @F F B
Fig. 95 — Created list of stiffnesses for frame elements

In the Materials for reinforced concrete structures calculation

+

dialog box (Fig. 96), click the Add button to create parameters for
beams:

* In the Bar field:

- Name — beam;

- reinforcement — asymmetric;

- do not select corner members;

- design length coefficient — 0;

* In the Concrete field, select class C20/25 from the list.
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* In the Reinforcement field, select longitudinal class A400C and
transverse class A240C from the list.

Click the Apply button N/ to confirm the data entry.
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Fig. 96 — Materials dialog box for calculating reinforced concrete
structures (for beams)

Select horizontal elements (beams). In the Stiffness and Materials
dialog box, the second stiffness type should be current — Tavr==_T 20x60
(beams) with the appropriate materials for construction. Click the Apply

button .
Forming loads

According to the task, you need to calculate the frame for five loads.
For convenience, it is recommended to display the element numbers using

the button ‘i‘?-‘l button to open the Display dialog box, and check the
Element numbers command on the Elements tab.

Creating load No. 1

To set the load from the frame elements' own weight, click the . _
Add own weight button (Load panel on the Create and edit tab). The Add

R

Own Weight dialog box will appear, in which you click the
68
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button (depending on the specified volumetric weight, the elements of the
calculation scheme are loaded with the load from their own weight) — Fig.
97.

Fig. 97 — Load 1 — dead weight (constant)

Creating load No. 2
According to the task, the second load is variable short-term (snow)
with an intensity of 8.48 kN/m. Change the number of the current load by

clicking the Next Load button A in the status bar (in the lower area of
the working window).

On the Load panel (Create and Edit tab), select the Load
command. From the drop-down list, select the Load on Bars command
(Fig. 98).
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Fig. 98 — Load on bars command in the Load drop-down list

In the Load Assignment dialog box (Fig. 99), specify the coordinate
system — Global, the direction of load action — along the Z axis.
To specify a linear load uniformly distributed along the length of the

beam, click the command button , the Parameters window
appears, in which you specify the load intensity — P = 8.48 kN/m (Fig. 99)
and click the button — Confirm.
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Fig. 99 — Load Assignment and Parameters dialog boxes

Use the button N to select horizontal elements Nos. 19-21 (roof

purlins). In the Load Assignment dialog box, click the button J . A snow
load with an intensity of P=8.48 kN/m will be applied to the frame (Fig. 100).
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Fig. 100 — Load 2 — snow (short-term)
Forming loads No. 3 and 4

According to the task, the third and fourth loads are variable quasi-
constant loads depending on the weight of the equipment, with an intensity
of P=30 kN/m. Change the number of the current load by clicking on the

button A — Next load in the status bar (in the lower area of the working
window).

On the Load panel (Creation and Editing tab), select the Load
command, and from the drop-down list, select the Load on Bars
command.

To specify the linear load, click the command button
specify the load intensity in the Parameters window — P=30 kN/m, and click

the button — Confirm.

Use the button = to select horizontal elements Nos. 13, 15, 16, and
18 (for the third load). In the Load Assignment dialog box, click the button

J. A long-term load from the weight of equipment with an intensity of
P=30 kN/m will be applied to the beams of the extreme spans of the 2nd
and 3rd floors of the frame (Fig. 101).
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Fig. 101 — Load 3 — from equipment (long-term)

For the fourth load, repeat the steps described above, but apply the
load to elements Nos. 14 and 17 (Fig. 102).

Formation of load No. 5

The fifth load is a variable short-term (wind) load with an intensity of
2.88 and 3.3 kN/m. Change the number of the current load by clicking on

the button A Next load in the status bar (in the lower area of the

working window).
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TeryWaA HarpY3Ka

[TT1Z p=30 kH./m - Pasontepric &
< >
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Fig. 102 — Load 4 — from equipment (long-term)
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On the Load panel (Create and Edit tab), select the Load
command, and from the drop-down list, select the Load on Rods
command.

In the Load Assignment dialog box, specify the coordinate system —
Global, the direction of load action — along the X axis. To create a load,

FT 11
click the command button — On a group of elements, the

Uneven Load window appears, in which you specify with a radio button
along which axis (Z) the load (wind pressure) will increase and the load

intensity — P1=2.88 kN/m, P2=3.3 kN/m and click the button ”/ — Confirm.
Use the button =) to select vertical elements Nos. 10-12 (columns on
the far right axis for the entire height of the frame). In the Load

Assignment dialog box, click the button . A wind load will be applied
to the frame on the right (Fig. 103).

Y1t L | | A

Harpyaku Ha cTepmH1

316

Fig. 103 — Load 5 — wind from the right (short-term)
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Request for additional information about the load

— B — | To specify additional information
Building DBN B.1.2 - 2:2006 ¥ | 2bout the load, use the button

Edit selected load case | Qno

5 Load case 5 ] P
[ eaakTop

arpyxenii ON the Load panel. The
Download Editor dialog box will
appear (Fig. 104), in which, for
download 1, in the Edit selected
download field, specify the name

Subproblem 1. Mmain problem: C1. Main problem; D1. Main pri ~
Type Short-term (Sh) SV A

Modal loads: 0; Local loads: 0;

List of load cases — Own weight, select Constant
#  Loadcase name Subproblem Type + from the Type I|St, and C||Ck the
1 Load case 1 1. Main problem: C... Dead(D) ZE
2 1. Main problem: C... Short-term = J
3 1. Main problem: C... Live (L) ¥ button .
4 1. Main problem: C... Live (L) =
5 Load case 5 1. Main problem: C... Short-term| *Z

LIy]

L

Y

?

Fig. 104 — Download Editor dialog

box

Set as current one 4

For download 2, in the Edit Selected Download field, enter the

name Snow, select Short-term from the Type list, and click the button J
For downloads 3 and 4, enter the name Equipment Weight in the
Edit Selected Download field, select Long Term from the Type list, and

click */

To load 5, in the Edit Selected Load field, enter the name — Wind

from the right, select Short-term from the View list, and click the button */
You can also enter additional information about the load before
generating the loads.
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Generating the RSD table

Since several loads of different durations have been specified, it is
necessary to create an DCF table for further calculation of reinforcement for
the most dangerous combinations of forces.

The dialog box of the same name is called up by clicking on the

button |ﬂ — DCF table (DCF panel on the Calculation tab) — Fig. 105.

B Pozpaxynkoei CnoaydyenHa 3ycaie X
Hortep Tatinuui PC3 E : + = = v
Ird'a Tatauu PC3 |ﬂ5 H_1 ?
EuaisensHi HoprK AEH B.1.2 - 2:2008 ~
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Bun sapaHTaseHHA

KoparrouacHe[2] ~ 33 YMOBYEHHAN
N rpynu of'eaHyBaHK: El Koediuieri gna PC3
THIHAGOSHE Sa8aHT St # | 1 ocHoB. | 2 DCHOB: | Ocod.[C] |Dcﬂﬁ {[:] E]lE Cnonyy, |E SN0y,
Bpax0ByBaTH 3HAKOSMIHHICTE 1 1.00 1.00 0.90 1.00 0.00 0.00
N rpyni B3aemosk niaNE0- El 2 1.00 0.80 0.50 0.80 0.00 0.00
. i aamarTamEns 3 1.000 095 080 095 000 0.00
CYMYTHiX
e El El 4 1.00 0.95 0.80 0.95 0.00 0.00
5 100[ o090 050 o080 000 000
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<« 3
3pe0eHa TatnMuA AnA ofumMcneHHA 3. @ >
Nz | Im'a zaBaHTax... Bua MapameTpn PC3 Koedierm PC3
1 BB Mocrifne(0) gooo0o000a01.101.00 1.00 1.00 0.90 1.00
2 CHiroee KoporkowacH.. 2000000 1.00 0.35 1.00 0,30 0.50 0.80
3 DBnagHaHHA Tpusane 10000001.201.00 1.00 0.95 0.80 0.95
4 DfnagHaHHA Tpwsane .. 1000000120100 1.00 0.95 0.80 0.95
5  Birep cnpasa KopoTkoyacH. 2010000100035 1.00 0.90 0.50 0.80
< >

Fig. 105 — Calculated force combinations dialog box
In this window, for the selected building codes DBN V.1.2-2:2006,
you need to specify the relevant data for each load.

For loads 3 and 4, enter 1 in the text field No. of mutually exclusive
loads, and for wind load, check the box Consider sign change. Save the

table by clicking the button “/
Specifying design cross-sections for beams

Mark all horizontal elements on the diagram. On the Members
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context tab, on the Edit Members panel, click the button #*= — Design
cross-sections of members. The Design Cross-Sections dialog box
appears (Fig. 106), in which you specify the number of design cross-
sections N = 5 (to design a bending element, you need to calculate the

forces in three or more cross-sections). Click the ...¥" — Apply button.

Kin-Te nepepizie

N

X2 Fig. 106 — Calculated Cross-Sections dialog box

Assigning structural elements

Bapiim KOHCTPYOBaHHA: R ? To create a BEAM structural element,
1A BCIK .
= select the horizontal elements of the

Peparysanya Kok

Ee  E—— | [ A beams, for example, on the top floor.

YHispikoeaHi rpynu Kok

Hoea rpyna Creopuri 9MKoE S
i

Buganumu = HTKE
Im'R: KopetkicTs: MaTepianmm: YTK..
B K. 1.Bpycd0X60.. Kononnall6/2.. F|g 107 — Structural Elements d|a|og
B K. 2Taep_T20X.. Bamal20/25A.

box

Open the Structural Elements dialog box by clicking the Structural
X
Elements button on the Beams context tab.

In the dialog box, in the Edit CoE field, click the Create button (the
BEAM structural element is used to indicate that this is a continuous beam).

To create a COLUMN structural element, select vertical elements to
a height of three floors, for example, along the axis on the left. In the
Structural Elements dialog box, in the Edit CoE field, click the Create
button (the COLUMN structural element is used to indicate that this is a
continuous column).
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KK1

Fig. 108 — Frame with created structural elements

Complete frame calculation

Before starting the calculation, you need to save the task (button

on the quick access panel). To calculate, click on the button W _
Perform calculation.

Laboratory Work No. 7
Analysis of static calculation results and frame element design

Purpose and plan of the session

Display the displacement and force diagrams in the frame elements
for each load. Analyze the results of static calculation. Create PCS tables.
Analyze the selected reinforcement for vertical and horizontal elements of
the calculation scheme (columns and beams). Create tables of results for
reinforced concrete elements. Design columns and beams.
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Review and analysis of static calculation results

After calculating the problem, review and analyze the static
calculation results on the Analysis tab.

In the calculation results review mode, the calculation diagram is
displayed by default, taking into account node displacements. To display the
diagram without taking into account node displacements, click the - Initial

Diagram button F (Deformations panel on the Analysis tab).
Displaying internal force diagrams on the screen

To display the longitudinal force diagram in the frame elements N,

click the button — Longitudinal force diagrams N (Force in members
panel on the Analysis tab). To shade the diagrams and display the force

values, use the button {& | button to open the Display dialog box. On the

tab W — Values, check the boxes next to the commands [[[I]]]] — Show

T

shaded diagrams and — Values on diagrams.

=1
o

-44.9

e

1 [T

-78.2
-1l6

138
-138
-90.8

-90.8

Fig. 109 — Diagram of longitudinal forces in frame elements (dead
load)
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To display the My diagrams, click the button Mo _ My bending
moment diagrams (Force in members panel on the Analysis tab) — Fig.
110.

Fig. 110 — Diagram of bending moments in frame elements (loading
with own weight)

To display the Qz diagrams, click the button @ — Qz shear force
diagrams (Force in members panel on the Analysis tab) — Fig. 111.

Sometimes it is more convenient to analyze the forces in the
elements of the calculation scheme in the form of a mosaic (in color). To do

this, select the command l i | — Mosaic of forces in members in the

Diagrams/mosaic list (the Forces in members panel on the Analysis tab)
- Fig. 112.
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Fig. 111 — Diagram of transverse forces in frame elements (loading by own
weight)
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Fig. 112. Forces in Bars panel

Changing the current load number

To view the force diagrams for the next load in the status bar, select
the row corresponding to the second load in the Change load number list

and click the Apply button %" .
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Generating and viewing calculation result tables

To view the force diagrams from the next load in the status bar in the
Change load number list, select the line corresponding to the second load

and click the Apply button \/ .
Creating and viewing tables of calculation results
To display a table with the values of calculated forces in the elements
. . Dot%nts X
of the diagram, click the button . — Documentation (Tables panel on
the Analysis tab), select the Interactive Tables command from the
Documentation drop-down list (Fig. 113).

7

|Documents|

€= Interactive Tables

i Interactive Tables (Ctrl+Shift+G)
DOC [/A

Creates and displays
interactive tables

{le] Report (previous format)

Fig. 113 — Calling the Interactive Tables command

The Form Editor dialog box will appear, in which you select the DCF
bars ribbon (Fig. 120), and in the Create DCF Table window, select the
desired option — for all elements or only for selected ones (in which case
these elements must be selected in advance). Confirm the operation.
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B Form editor

MNodes
Displacements
Elements

Soil properties
Properties

Dynamic nodal load
MNodal loads

Local loads
Forces(bars)

Forces (plates)
Reinforcement (plates)
Forces (spec. elem.)
Forces (solids)
Reinforcement (solid)
DCL coefficients
Frequencies

Mode shapes
Weights of masses
Inertia

Acceleration

DCF parameters
DCF coefficients

"

DCF (plates)

.g&

Create new form
Delete form

Save list of forms

4

Fig. 114 — Form Editor and Create Table dialog boxes

The program will generate a table of calculated force combinations
(Fig. 115).

1 PC3(crepun) x
Qain Pegarysa Onui
PC3 (Crep®H) ||
I enem | B nepep | B cropnus | Kpam/ceitcn | Tpyma BCS | Kpmrepiit (ﬂ?:ﬂ) ‘ (“ﬁfu) ‘ (g;) ‘ (ﬂlj:m | (g;) PR sasanT

1 1 1 - AL 1 0.000 | 12.627 - 4.01% | 0.000 | 0.000 1 s

1 1 2 - a1 2 0.000 |- 32.%32| 21.150| 0.000 | 0.000 | 1235

1 1 1 - AL B 0.000 |- 17.460 7.%40 | 0.000 | 0.000 15

1 1 2 - AL 5 0.000 | - 5.854  10.387 | 0.000 | 0.000 | 12 3 -5

1 1 2 - a1 32 0.000 | 11.254 | - 3.650 | 0.000 | 0.000 14 -5

1 2 2 - AL 1 0.000 | 42.835  21.00% | 0.000 | 0.000 135

1 2 2 - AL 2 0.000 0.000 | 0.000 | 124 -5

1 2 2 - a1 & 0.000 0.000 | 0.000 | 1235

1 2 1 - AL 14 0.000 0.000 | 0.000 1-5

1 2 2 - a1 32 0.000 0.000 | 0.000 14 -5

2 1 2 - AL 2 0.000 0.000 | 0.000 | 1235

2 1 2 - AL s 0.000 0.000 | 0.000 135

B 1 2 - a1 & 0.000 0.000 | 0.000 | 124 -5

Fig. 115 — Table of reinforcement in frame elements (fragment)
83



Review and analysis of reinforcement selection results

Reinforcement calculation
After calculating the problem, go to the RC tab to view and analyze
the reinforcement results. To select reinforcement in the diagram elements,

ﬂﬁ

Analysis = ‘

click the Calculate button | | (Analisis panel on the RC tab). In the
Reinforcement calculation dialog box, click the Perform calculation
button.

Viewing reinforcement results
To view information about the selected reinforcement in one of the

elements, click the \' — Node or Element Information button on the
Selection Panel toolbar, pointing the cursor at the desired element. In the
dialog box that appears, go to the Longitudinal reinforcement tab (this
window contains all the information about the selected element, including
the reinforcement selection results).

To set the display mode for symmetrical reinforcement in column
cross-sections, select the Symmetry command from the drop-down list on
the Bar Reinforcement panel in the RC tab (Fig. 48).

The user can customize the reinforcement display mode at their
discretion—as a mosaic or reinforcement diagram (Fig. 48).

An algorithm for selecting corner bars was set up for the columns. To
view the areas of longitudinal reinforcement in the lower left corner of the

AU1 bar cross-section, click the sl _ AU1 corner reinforcement button.
To view the areas of longitudinal reinforcement in the lower right

corner of the AU2 bar cross-section, click the button L _ AU2 corner
reinforcement.

To set the display mode for asymmetrical reinforcement in beam
cross-sections in the form of reinforcement diagrams, select the
Asymmetry command from the drop-down list on the Reinforcement
panel in the Design tab. Since the distributed reinforcement mode was set
for beams, to display the results of the lower reinforcement (in spans), click

the Distributed reinforcement AS1 button |;|_ (Fig. 116).

84



216

52

1.44

Fig. 116 — Distributed reinforcement AS1 (near the lower edge of the
section) in beams

To display the results of the upper reinforcement (on the supports),

click the button — Distributed reinforcement AS2 (Fig. 117).

?
|
|
|

TR T T TR
252

1.44

Fig. 117 — Distributed reinforcement AS2 (near the upper edge of the cross-
section) in beams
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Forming and viewing tables of reinforcement selection results

2=

Analysis = }
On the Design tab, from the Tables panel | — Analisis, activate the
Results tables for reinforced concrete command from the drop-down list.
In the Results tables dialog box, a table with the results of the selected

reinforcement is displayed on the screen (Fig. 118).
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1 Enement Mepepis  CHC AUl AUZ AU3 AU4 Asl ASZ AS3 AS4 % ASW1
1-KK1: Enemery - 1, 2, 3/ KK1 Konona/ Konowa | TpamokyTrik/ B=40.00/ H=60,00 01/ L =3.60 mf BeTon C16/20] ApuaTypa: nogosxHa A400C/ nonepeuHa A240C
i 1 1 c 5.16
1 1 1 c
i 1 2 c 5.16
1 1 2 c
2-KK1 KonoHa/KonoHa / MpamokyTHik/ B=40.00,/ H=60.00 a4/ L=3.60 n/ BeTon C16/20/ ApMaTypa: nogosHA A400C/ nonepeqHa A240C
2 2 1 c 0.3% 0.3 0.36 0.3% 0.06 2.16
2 2 1 c 0.38 0.38 0.36 0.36 0.08
2 2 2 c 06 06 0.6 08 01 2.16
2 2 2 c 08 0.6 0.6 08 0.1
2 3 1 c 072 0.72 0.72 0.72 0.12 5.16
2 3 1 c 0.72 0.72 0.72 0.72 0.12
2 3 2 c 072 0.72 0.72 0.72 0.12 5.16
2 3 2 c 0.72 0.72 0.72 0.72 0.12
3-KB2 Banka/Banka / Tasp nonuua 3eepxy/ B=20.00/ H=60.00/ B1=40.00/ H1=20.00 o/ L=5.00 v/ BeTon C20/25/ Apmatypa: nogoswHa A400C/ nonepeura A240C
3 19 1 H 192 0.12 2.87
3 13 1 H 1.92 0.12
3 19 2 H 0.64 0.16 0.05 .87
3 13 2 H 0.64 0.16 0.05
3 19 3 H 112 0.07 .87
3 19 3 H 112 0.07
3 19 4 H 0.48 0.16 0.04 .87
3 19 4 H 0.48 0.16 0.04
3 13 3 H .16 0.14 4.34
3 19 5 H 216 0.14
3 20 1 H 2 0.13 4.08
3 20 1 H 2 0.13
3 20 2 H 0.4 0.16 0.04 .57
3 20 2 H 0.4 0.18 0.04
3 20 3 H 0.96 0.08 287
3 2 3 H 0.% 0.06
3 20 4 H 0.4 0.16 0.04 287
3 2 4 H 0.4 0.16 0.04
3 20 5 H 2 0.13 4.08
3 2 3 H 2 0.13
3 21 1 H 2.16 0.14 4.34
3 21 1 H .16 0.14
3 21 2 H 0.48 0.16 0.04 2.87
3 21 2 H 0.48 0.16 0.04
3 21 3 H 112 0.07 2.87
3 21 3 H 112 0.07
3 21 4 H 0.64 0.18 0.05 2.87
3 21 4 H 0.64 0.16 0.05
3 21 3 H 192 0.12 .87
3 21 5 H 1.92 0.12

Fig. 118 — Table with the results of the selected reinforcement
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Topic 5. Design a monolithic beam floor slab. Design a slab and
secondary beam

Task. Calculate the static load on a monolithic floor slab. Analyze the
calculation results. Select the reinforcement.

The structural diagram is shown in Fig. 119. The floor material is
C16/20 concrete, reinforced with separate A400C reinforcement bars.

Perform the calculation for a 27x24m slab (36x12 grid) in the xOy
plane for two loads:
 first load — constant uniformly distributed
g= 2.4 kN/m?, including dead weight;
. second load - variable (long-term) uniformly distributed
p= 7.5 kN/m2.

Fig. 119 — Scheme of a monolithic ribbed floor with beam slabs
Design Guidelines

The design of reinforced concrete floors is carried out in the following
sequence:

1. Layout of the building/structure. At this stage, a structural
diagram is developed, the main load-bearing elements are determined, their
dimensions are specified, etc.

2.  Static calculation. Based on the approved structural diagram, a
calculation diagram is selected, all loads and influences are determined,
and the forces in the system elements are determined.

3. Calculation of cross-sections. Based on the acting forces, the
dimensions of the cross-sections of the elements are selected or the
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previously assigned dimensions are checked to see if they are sufficient to

withstand the forces.

4. Design. Determine the reinforcement schemes for the elements

and create drawings of reinforcement and embedded products.

3
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Fig. 120 — Calculation of a monolithic ribbed floor with beam slabs:
1 — main beam Bm-1; 2 — secondary beam Bm-2; 3 — column Km; 4 —
design strip of slab Pm; 5 — load strip of secondary beam

88



260 ,250

| Mm
'17ﬂ R | |
i : ! Q _LIJ
% / Bbm 2 Bm 2
! 1960 00 2050 o
dL) 2250 4L 2250 '
a
/\ /\ A\
T [ =1,96 T [ =205 _[_ [ =205 T [ =1,96 —],_
6

Fig. 121 — Calculation of the slab:

a — structural diagram; b — calculation diagram

Laboratory Work No. 8
Creating a calculation model of a beam floor slab

Purpose and plan of the session

Create a new task. Generate a slab, main and secondary floor beams. Set
boundary conditions (support conditions). Create calculation and design
options. Set stiffness characteristics and material parameters. Review the
spatial model of the floor. Check the types of finite elements. Set the load.
Perform a complete calculation of the slab.

Creating a new task

To create a new file, click the — New button on the quick access
toolbar. In the Diagram Description dialog box, specify the Diagram Type —
5 — six degrees of freedom in the node (X, Y, Z, Ux, Uy, Uz displacement),
the task name: “Monolithic beam floor” and, if desired, a description of the
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Model type

Model type

Load values
(®) design

O nomative

5 - Six DOF per node translations X, Y, Z and rotations L, L ~

x [ task (Fig. 122). Press the
£

] button — Confirm.
?

Problem name |M';|n0|'rthic beam floor plate

[ Output data in certain directory

Problem description
{up to 255
characters)

Fig. 122 — Model type dialog

box

Creating a geometric slab schematic

On the Create and Edit tab, click FF] — Generation of flat fragments
and meshes in the drop-down list and select the Slab Generation command

Create plane fragments and grids X

M | |8 & |2 |
]

Angle of rotation about the Z-axis
Select plane

Coordinates of the 1st node
X ,ﬂ—| m X0y XOZ () YOZ

Specify with pointer
Y (0 m Arbitrany

z[o m Specify nodes
Spacing along the 1st axis  Spacing along the 2nd axis
Value Number Value Number
L{m} # ~ Lim} # ~
0.75 36 2.00 12
. P
Intersect with other FE
& X ?

(Fig. 123).

In the Create Flat Fragments and
Meshes dialog box, create a 36x12
finite element model by specifying the
following parameters:

step along the first axis: L(m) —
0.75; N — 36;

step along the second axis:
L(m)— 2; N — 12.

Leave the rest of the parameters

as default and click ‘/ — Confirm.

Fig. 123 — Create Planar Fragments
and Meshes dialog box, Slab
Generation tab

To model beams, on the Create and Edit tab, click the Add Element
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N\
button e and select Add Member from the drop-down list. A dialog box
with the same name will appear (Fig. 124). On the diagram of the newly
created slab, add members in the places where secondary and main beams
should be (the step of secondary beams is 2.25 m, main beams — 6 m). The
geometric diagram of a monolithic beam floor is shown in Fig. 125.

NIRRT e
@ g -ﬁ b

Add |Generate in X Copy P

Elementv URA-CAD BB iin T A% —

| =
\ Add Bar
]
Add Bar

-

i I[:" Add 3-node \n Adds bar by specifying nodes
= with a pointer

| ] Add 4-node Plate

.+ Add 1-node FE

Fig. 124 — Drop-down list Add Bar

To save information about the created model, click the button H on
the quick access toolbar.

Setting boundary conditions (constraints)

After activating the command button I Node Marking, select the
nodes supporting the slab on the two shorter sides (those supported by the
main beams) with the cursor; the nodes will be displayed in red. To set
boundary conditions, call the Restraints in nodes dialog box by clicking the

Restraints button £ (Stiffness and restraints panel on the Create and
edit tab).
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Fig. 125 — Geometric diagram of a monolithic beam floor

In the dialog box, select the directions in which hode movements are

prohibited (X, Y, Z, UX, UY, UZ — pinching) and click the button + — Add
ties at the selected nodes. The color of the nodes will change from red to
blue, indicating that the command has been executed (Fig. 126).
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Fig. 127 — Specifying joints in the supporting nodes of the floor slab

Creating and assigning stiffnesses and material parameters

El

Click the button ’4 In the Stiffnesses and Materials dialog box,
form a list of stiffness types. Assign the stiffness type Plate H7 to the slab
elements. Longitudinal (main) beams have the cross-section type Beam
30x80, transverse (secondary) beams — Beam 20x40 (Fig. 128).

On the Reinforced concrete (RC) tab of the Stiffness and materials
dialog box, you need to specify the parameters for reinforced concrete
structures: type, concrete, reinforcement.

Select the Type radio button and click Edit.
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Stiffness for plates X Define standard section x
Section Section | Stiffness
Stiffness properties Stiffness properties for section
(®) Calculate automatically by dimensions (®) Calculate automatically by section dimensions
(O Coeffident to stiffness (O Edit on ‘Propertes’ tab
Account of nonlingari
o i () Account of nonlinearity
[ Account of orthotropy E 2.7e+007 kMNim2 1
E knimz £ o o
v y21 g
2 1
G o B 8
=]
H
H [z cm Ro |25 kNim?
—_
Ro 30.00
FE Step-type Iterative
Plate, shell
Wall-beam
Unloading with initial stiffness
I’J:. Step-type Iterative
H Reinf. pattern and/for nonlin.
diagram for reinf, by PR Type
< v " Unloading with initial stiffness
» 5 Accountofshear []
Smaller dimension of plate
[] Account of shear i Reinf. pattern and/or nonlin.
[y diagram for reinf, by PR Type
[ six degrees of freedom in FE of shell
Comments Colour
Comments Colour -
| Main beam
= N
Rard | x|
Define standard section X 1 stiffness and materials X
Section  Stiffness Assign properties: [Jonly current tab
: v
Stiffriess properties for section = 5
@ Calculate automatically by s=ction dmensions [ 3 Rect. bar 20 40 (secondary beam) X
(O Edit on 'Properties' tab Wimmes Sopn 1 = ¥
(O Account of norlinearity
<no> <no> <no>
E 2.7e+007 KN/m2 z1 9
v [JPilot reinforcement: +| =
B g 1
g
H Properties | Re | Metal | Brickwork | PR type | =
List of stiffniess types
b2 20.00 1. Plate H 7 (Plate)
2. Rect. bar 30X 80 (Mai beam)
3. Rect. bar 20 X 40 (Secondary beam)
+
+
Step-type Iterative
Unloading with initial stfness Accountofshear [
Reinf. pattern andor norin. e~
diagram for reinf. by PR Type Display...
Copy
Comments Colour =
Secondary beam = I
5
VX Set as current one

Fig. 128 — Specifying stiffnesses for slabs and beams
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The Materials for Calculating Reinforced Concrete Structures
dialog box will appear, in which you should left-click in the Plate field. In the
upper right corner, specify: calculation type — Slab (bending), set the
reinforcement bar spacing — 200 mm. In the Concrete field, select concrete
class C16/20, in the Reinforcement field: longitudinal — class A400C,

R

transverse — A400C. To save the entered data, click the — Confirm
A1 DB B.2.6-02:2000 Material properties for analysis of RC structures X
Q= _E2 Bl -t
£ Name Analysis... Sym.. Bott.. Top(. Sde.. S5  long.. Shor.. Spacn.. leng.. EfL.. ly Lz Desi. e R -
Add...
Reinforcement by theory Wood ~
System statially Indeterminate
Analysis
[ Analyse transverse reinforcement per 1sq.m.
[ Normative propertis of materils for
< > spediic/emergency combination
PLATE [] Account of fire resistance
#  Name Analysis .. Reinf.. Botto.. TopX.. Bowo.. TopY.. 1sq.. SIS Long-... short-.. Spac.. Effe.. Helg.. Ductiity
1 Plate Sab Weod 300 300 300 300 - + 03 04 1 Anaiysis precision, % % of reinforcement
Prefmnary [ | MIN
Range for bearing capacity coeffidents
v [05 | max [15 |
< >
e Distance to g.c. of reinforcement
I anx[z Jon a2 fen
= Name Class... fek. frt. E. Stess.. Relatv.. Ac.. Act.. G_fu Gfuw GUh. SEV.. SEZ.. =
an 3 az [3
1 Plate C2f5 250 L5 300.. biines.. B80.0 100 100 100 100 100  0.00 0.0 a2 EE E
Reinforcement for punching shear analysis
ax[o |ay[o | @% Oame
[ analysis by serviceabilty it states (SLS)
Cracks long-term), mm
() REINFORCEMENT Cracks {short-term), mm
= Name RXLoo kefto Bk RYL keftw Euki AT k=ftw Eki Ri@a Sbo. S2. Duw Nuw St. St ©Seadngofrebars,mm o
1 Ad0.. 105 250 A40.. 105 250 A24.. 108 250 Ted.. 100 100 32 1 - - @Eoa s
Set coefficient ys=1 for analysis
Effective height of wal
Effective height
1 Factor 1
< >
P Asymmetric
x|+ k5] 5] 2| 0] B E «

Figure 129 — Dialog box Material properties for analysis RC
structures

After assigning stiffnesses for correct beam placement, rigid inserts
must be entered. Rigid inserts are entered along the local Z-axis with a size
equal to half the height of the cross-section of the bar element. That is, for
main beams it is 0.4 m, and for secondary beams it is 0.2 m.

To specify stiffeners, first select the main beams and then select the

Stiffener command from the Stiffness drop-down menu (Fig. 130). In the
dialog box for assigning rigid inserts (Fii;. 131), enter the value -0.4 in the

first and second nodes and press S . Perform the same operation for
secondary beams (enter the value -0.2).
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Fig. 131 — Offsets for bars dialog box

Fig. 130 — Setting the Rigid Rod Inserts command

To check the correctness of the calculation model, activate the
Spatial model (3D graphics) command in the program menu. A spatial
image of the beam floor will appear on the screen (Fig. 131).

Fig. 131 — Spatial model of a beam floor
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By FE numbers

O

By FE shape

O
By FE type
|FE type 11 -rectangular FE of plate |

By {FE type 10 - arbitrary 3D bar
e e E R

By stiffness properties
O
By orientation of FE
X0Z
Xay
YOZ

[N

O+ O Og O
[Jangle of unific.  [] Orthotropy axes

Account of SE objects

PolyFilter X

-9. Inverse J I:—Jl ?

[J1gnore parameters of fiters

Load assignment

Uniformly distributed loa... >

 [24_Juume

|:| Projective

Comments

Load N21|

Checking the finite element (FE) type

Use the polyfilter (button 4 on the
selection panel) to check the KE type. In
the Filter for Elements dialog box, check
the box next to KE Type (Fig. 132).
Review the list. It should display two types:
10 — universal spatial bar (for beams) and
11 - rectangular FE slab (for slab
elements). If necessary, the FE type can

- ®
be changed using the command -
Change FE type (Advanced editing tab,
Diagram panel).

Fig. 132 — Polyfilter dialog box

Load generation Nel

On the Load panel (Create and
Edit tab), select the Load command, and
from the drop-down list, select the Load
on Plates command.

In the Load Assignment dialog box,
specify the coordinate system — Global,
the direction of the load — along the Z axis.

Fig. 133 — Options dialog box
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To set a uniformly distributed variable quasi-steady load, press the

=5

command button , the Parameters window appears, in which

enter P= 2.4 kN/m2 (Fig. 133) and press the button ‘/ — Confirm.

Using the polyfilter (button N4 on the selection panel), select the
slab elements (to do this, in the Filter for Elements dialog box, check the
box in the By KE Type field, select Type 11 - Rectangular KE Slab from the

list, and click the button (all slab elements will be colored red). In the

Load Assignment dialog box, press the button */ A uniformly
distributed load with an intensity of 2.4 kN/m? will be applied to the slab (Fig.
134).

ARSI

Fig. 134 — Evenly distributed load on the plate

Load generation Ne2

Change the number of the current download by clicking A — the
Next Download button in the status bar (in the lower area of the working
window).

On the Loads panel (Create and Edit tab), select the Loads
command from the drop-down list, select the Plate Loads command, and
set a variable long-term load evenly distributed over the area; for this, in the
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Parameters window, and set P= 7.5 kN/m?, click the ”/— Confirm button.

Edit load
To specify extended information about the download, use the  cases

— Download Editor button on the Downloads panel. The Download Editor
dialog box will appear, in which for download 1 in the Edit selected
download field, select the Permanent ribbon from the Type list and click the

”/ — Confirm button.
For download 2 in the Edit selected download field, select the Long

ribbon from the Type list and click the J— Confirm button.
Generation of the DCF table (desing combinations of forces)

Since the calculation is performed for two loads of different durations,
creating a table of calculated force combinations is necessary.

Full slab calculation

Before starting the calculation, it is recommended to save the created

calculation scheme. To do this, use the Save button H on the quick

access panel. To perform the calculation, click the button " — perform
full calculation on the Calculation tab.
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Laboratory Work No. 9

Analysis of the results of static calculation and design of a beam floor
slab

Purpose and plan of the session

Display the isopoles of displacements and stresses in the plate
elements of the slab, create tables of calculated force combinations,
analyze the results obtained.

Perform calculations to select reinforcement for slab elements.
Review the mosaics of lower and upper reinforcement. Select working and
structural reinforcement for the slab based on the tables of automated
reinforcement selection results.

Review and analysis of static calculation results

The results of the static calculation are reviewed and analyzed in the
Analysis tab.
To display the displacement isopole in the Z direction, select the

command ﬁ — Displacement isopole in the global system, click the button

IL_ — Displacement isopole along Z (Deformations panel on the Analysis
tab) — Fig. 135.

To display the stress isopole in the Mu direction, select the command
8 _ Stress isopole, then click the button ‘_' — Stress isopole in Mu
(Stress in plates and solid elements panel on the Analysis tab) — Fig.
136.
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Fig. 136 — Stress isofield along Mu

To view the table with the values of the calculated force combinations

in the elements of the diagram (Fig. 137), select the command -
Standard Tables from the drop-down list Documentation (Tables panel on
the Analysis tab). In the Standard Tables dialog box, select the RCS

Calculated row and click the Ji — Confirm button.
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Fig. 137 — DCF table for slab elements (fragment)

Review and analysis of reinforcement selection results

After calculating the task, go to the Design tab to review and analyze
the reinforcement results. To select reinforcement in the diagram elements,

)
click the PacseT - Reinforcement calculation button on the Calculation
panel.

To view information about the selected reinforcement, use the

command @ — Reinforcement area (Plate reinforcement panel on
the Design tab).
To display the selected reinforcement areas per 1 running meter

along the X-axis near the bottom edge, click the button I':i — Bottom
reinforcement in plates along the X1 axis (Fig. 138).
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Fig. 138 — Reinforcement area per 1 linear meter along the X1 axis
near the bottom edge

To view the mosaic representation of the area of upper reinforcement

in the plates along the X1 axis, click the button — Upper reinforcement
in plates along the X1 axis (Fig. 139). Similarly, view the selected
reinforcement in the direction of the Y1 axis.

To generate a table with the results of reinforcement selection from
the drop-down list Documentation, select the command Results tables for
reinforced concrete (Tables panel, Design tab), call the Results tables
dialog box, and click the Plates button in the Elements field. A table with the
reinforcement results will be displayed on the screen (Fig. 140).

st s

i

Fig. 139 — Reinforcement area per 1 linear meter along the Y1 axis near
the upper face
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PeayneTaTtv apmyBaHHA y nnacTuHax [BH B.2 6-98:2009 (BapiaHTt 1)

MogoBxKHA apMaTypa Monepeyna apmarypa LiMpHHa POSKPHTTA TPIWHH
EnemeHT

Aasi | asz2 | as3 | As4 Aswi_ | Aswz Kopotk. |  Tpus.

MogoexHA apMatypa: cM™2 (1 M ); ; MonepeyHa: eM™2 (1 M ); ; LUNMP.TRIWMKH: MM;

| | | |
nnura 13; h=7.00 cm

BeTton C16/20; Apmatypa: nogoexHA Ax: A400C, Ay: A400C; nonepeyHa A400C

Kpok apmatypHux cTepxHie 200 mm

13 1.38 0.35 1.46 0.35 0.25 0.25

1.38 0.35 1.46 0.35

Mnwra 14; h=7.00 cm

BeTton C16/20; Apmatypa: nogoBxHA Ax: A400C, Ay: A400C; nonepeyHa A400C

Kpok apmatypHux cTepxHie 200 mm

14 1.13 0.35 0.67 0.35 0.27 0.27

1.13 0.35 0.67 0.35

Mnwra 49; h=7.00 cm

BeTton C16/20; Apmatypa: nogoBxHA Ax: A400C, Ay: A400C; nonepeyHa A400C

Kpok apmatypHux cTepxHie 200 mm

49 1 0.35 1.26 0.35 0.3 0.3

1 0.35 1.26 0.35

Mnnwura 50; h=7.00 cm

BeTton C16/20; ApmaTtypa: nogoexHA Ax: A400C, Ay: A400C; nonepeyHa A400C

Kpok apmatypHux cTepxHie 200 mm

50 1.7 0.35 1.13 0.35 0.3 0.3

1.6 0.35 1.13 0.35

Fig. 140 — Table with the results of reinforcement selection in selected slab
elements

Slab design

It should be remembered that in LIRA, the calculation is performed in
a linear setting. In the case of slab reinforcement with separate bars with a
slab thickness of up to 120 mm, separate reinforcement is used, i.e., all
bars of the span reinforcement are brought to the supports, above which
their reinforcement is installed. In this case, the lower span bars are
designed to be continuous, passing through several supports, and in the
extreme spans, where more reinforcement is required according to the
calculation, additional bars are installed.

The working and structural reinforcement of the slab is selected
according to the tables of results of automated reinforcement selection.In
addition to the main reinforcement, it is necessary to install additional
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reinforcement in the non-working direction: near the supports near the walls
(to absorb partial pinching moments) and above the main beams. The
amount of this reinforcement is taken to be at least 1/3 of the slab's span
reinforcement. The length of the reinforcement bars above the beams (both
main and secondary) is determined on the condition that the horizontal
sections on each side of the beam edge are equal to 1/4 of the slab span,
i.e., 500 mm. The length of the pressure rods near the walls is taken on the
condition that the horizontal sections from the wall are equal to 1/10 of the
slab span.

Laboratory Work No. 10
Creating a calculation model of a secondary beam
Purpose and plan of the session

Create a calculation model of a secondary beam of a monolithic
beam floor. Generate tables of design combinations of forces (DCF),
perform a static calculation, analyze the calculation results. Select
reinforcement. Take the initial data for the calculation from the previous
task.

Task. Perform the calculation for a 24 m long beam for two loads:

» the first — constant uniformly distributed g= 7.77 kN/m, including
its own weight;

. second — variable (long-term) uniformly distributed p= 19.24
kN/m.

250

L
| .
[ |
L Iq— | N |
|
I 5725 0 5700 N
| 6000 1 6000 i
q=7,77 kH/m p =19,24 kHm -1

7
400

br = 2100 i

—

(1=573 [2=570 [3=570 (4 =573 b =200

Fig. 141 — Design spans, cross-section and diagram of the secondary
beam

h
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Creating a new task

To create a new file, click the — New button on the quick access
toolbar. In the Diagram Description dialog box, specify the Diagram Type
— three degrees of freedom at the node (displacement X, Z, Uy) XOZ,

R

task name: “Secondary beam.” Click the —Confirm button.

Creating a geometric diagram of a beam

In the Create Flat Fragments and Meshes dialog box, on the Frame
Generation tab, specify: step along the first axis L(m) —24; N — 1, click the

4 — Confirm.
Select the bar with the mouse cursor, divide it into 24 equal elements
using the Add Element — Divide into N Equal Parts command (Fig. 142).

N\ @ ;"';"‘@ ==

button

| Add |Generatein Copy Pack Mo
Element = LIRA-CAD ﬁ fieg) ks Model v

-
\ Add Bar
< it Properties Loads

7 add 3-node Piate
] l Add 4-node Plate

.+ Add 1-node FE

371 Add 2-node Special FE

n=l .
LI Divide into N Equal Parts

v g

n>1 Diwvide into N Equal Parts
T

r%.lo Insert Node at Dista|  Divides selected bar into the

—_— specified [N) number of bars with
the same length

®a I . s 1

Fig. 142 — Add Element — Split command

The resulting geometric diagram of the beam is shown in Fig.
143.
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Fig. 143 — Geometric diagram of a beam

Setting boundary conditions
The node numbers on the calculation diagram are displayed on the

screen. Activate the command button < Node marking, mark nodes
No. 1, 8, 14, 20 (they will be displayed in red). To set the constraints, use

the button # . In the Constraints dialog box, select the directions in

4

which node movement is prohibited (Z — hinged support), press -
Add constraints to selected nodes. Select node No. 2. In the Connections
dialog box, select the X and Z directions (hinged-fixed support) and click

&

Selecting a calculation and design option

For structural calculations in accordance with current standards, click the

button & — Design options and select the required standard (DBN V.2.6-
98:2009) in the Design options dialog box. In the same window, specify the
calculation option (based on the calculated load combinations — DCF).

Setting stiffness parameters and material parameters for elements of
the diagram

El+

Click the button "4 — Stiffness and Materials (Stiffness and

Constraints panel on the Create and Edit tab) to open the Stiffness and

Materials dialog box. In this window, click the Add button and in the Add

Stiffness dialog box, select the first tab — Standard Cross-Sections,
activate the Tavr_T cross-section (Fig. 144).
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Define standard section X

In the Standard Cross-Section
Settings dialog box, specify:

Section  Stiffness

Stiffness properties for section - elastic modulus for C20/25

(® Calculate automatically by section dimensions COﬂCrete - E = 3X107 kN/mZ,

PO - geometric dimensions — B = 20
cm; H=40cm; B1 =210 cm; H1

() Account of nonlinearity

=7cm,
- - material density — Ro = 25

j LW kN/m2.

To display a sketch of the cross-
N N section being created, click the
T J
a1 |20 om Draw button, then L= -
o [f Jom Confirm (Fig. 144).
Ro |25 KN/m?

Account of shear O
D Fig. 144 — Specifying a standard
it 0 cross-section Dialog box

Next, in the Stiffness and Materials dialog box, go to the Reinforced
Concrete tab to set the parameters for the beam. To do this, select the
Type radio button, then click the Edit button. In the Materials dialog box
for calculating reinforced concrete structures, specify the parameters:

* in the Bar field:

- name — Beam;

- reinforcement — asymmetrical,

- do not select corner bars;

» in the Concrete field, select class C20/25 from the list;

. in the Reinforcement field, select class A400C for longitudinal
reinforcement and A240C for transverse reinforcement from the list.

Press the Apply button to confirm the data entry. Select all beam
elements, and in the Stiffness and Materials dialog box, press the Apply
button.

Load assignment

Assign loads according to the task in two loads. On the Load panel,
select the Load command, and from the drop-down list, select Load on
members. In the Load Assignment dialog box, use the radio buttons to
specify the Global coordinate system and the direction of the load action —
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along the Z axis. Click the uniformly distributed load button E
to open the Parameters dialog box. In this window, enter P = 7.77 kN/m for
the first load and click the Confirm button. Use the Node Marking button to
mark all beam elements. In the Load Assignment dialog box, click the
Confirm button again.

For the second load, set P =19.24 kN/m.

Edit load
To set the load information, use the button ases - Load Editor on
the Loads panel, Create and Edit tab. In the Load Editor window for load
1, in the Edit Selected Load field, select Permanent from the list and click

the button */ For load 2, select Temporary Long-Term.

Generating the DCL table

To further calculate reinforcement based on design load
combinations, select the DCL command on the Calculation tab
(Additional Calculations panel) (Fig. 145).

& VLT || &4 Step-type Metho
B |
i R | 1 Assemblage

N? }E Collapse

3

DCL
Table

3 DCL
I;%E Input data for calculation of Fig. 145 — Calling the DCL command

design combinations of loads

The Design combinations of loads dialog box will appear (Fig.
146), in which you need to click the Add button. For the first main force
combination, three columns will be automatically created: DCF1, DCF2, and
DCF3 with load combination coefficients. It is important to remember that
the loads on the design scheme were specified by design values (important
for structural calculations). To analyze the deformations of the design
scheme, you need to use standard loads, so the load combination
coefficients must be divided by the load reliability coefficients.
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7 Design combinations of loads x

Safety factor for:

DeNG.L2-22006 v
us ] 1gnore eathquake loads n LS
[CIoynemicsby cbsolute vaue 515 Load type:
desion e et s
[ Characteristic DCL accidental . gnore spedfic loads in SLS
Load case No. Name Type Sign varizble  Mutually excusive Y /¥fe o +
%
%
. . Desi) . e %
2 2 e . 12 =
H
=
X
< NG

Accdental (Earthauake)
Acadental {no Earthquake)

Fig. 146 — Design combinations of loads dialog box

Complete beam calculation
Before starting the calculation, you need to save the created

calculation scheme. To do this, use the button H — Save on the quick

access toolbar. To perform the calculation, click the button “* — Perform
calculation on the Calculation tab.

Laboratory Work No. 11
Analysis of static calculation results and design of a secondary
beam
Purpose and plan of the session

Visualize the results of the static calculation of the beam. Create
tables. Analyze the diagrams of bending moments and shear forces in the
beam elements.

Visualization of calculation results

To switch to the visualization mode of static calculation results, go to
the Analysis tab. By default, the deformed beam diagram is displayed. To

display the initial diagram, click the button H:i (Deformations panel on the
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Analysis tab).

To view the force diagrams, use the command buttons IE‘

(Forces in the bars panel on the Results tab). The force diagrams are
shown in Fig. 147-148.

-19.98

U R ST e

144 210¢5519.98

Fig. 147 — Diagrams of bending moments and shear forces in beam
elements from the first load

S
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Fig. 148 — Diagrams of bending moments and shear forces in beam
elements from the second load

Mark elements No. 3, 7, 10, and 13 on the diagram. Right-click to
select Standard Tables — Forces — All Loads. The program will generate
a table of forces for these elements, where the greatest moments occur
(see Fig. 149). The forces from the DCF are shown in Fig. 150.

Sat Oct 30 00:01:18 2021 6anka Ap_PCH- ocHoBHa cxema
3 Y CWNNA/MHANPYXEHHS B ENIEMEHTAX

2 3-1 3-2 7-1 7-2 10-1 10-2 13-1 13-2

3 3 7 7 10 10 13 13

4 4 8 8 [ [ 14 14

1- BNACHA BATA
M 210899 | 199798 | 290699 | BB7999 | 998999 [ 776999 | 199799 [ 221999
Q 277499 | 499499 | 249749 | 172049 | 166499 | 610499 | 216449 |  13.8749
2 - SMIHHE

M 522227 | 494741 | 742112 | 210885 | 247370 [ 192309 | 404741 [ 549713
Q 6.87141 | 123685 |  61.8427 | 426027 | 412284 | 154171 | 535070 | 343570

Fig. 149 — Forces from both loads in selected elements
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Sat Oct 30 00:02:47 2021 6anka ap_PCH- ocHoBHa cxema
3 Y C W NN 1 HATPYKEHHS) B ENEMEHTAX
2 3-1 3-2 7-1 7-2 10-1 10-2 13-1 13-2
3 3 7 7 10 10 13 13
4 4 8 8 11 11 14 14
1- PCH1
M 73312 | 69454 [ 10418 | -30.868 | 34727 | 27000 | 69.454 | 77171 |
Q 96464 | 17.363 | 86817 | 59807 | 57878 | -21.222 | 75242 |  48.232 |
2-PCH2
M 21080 | 19979 | 20089 | 88799 | 09899 [ 77699 | 19079 | 22199 |
Q 27749 | 49949 | 24974 | 17204 | 16649 | -6.1049 | 21644 | 13874 |
3-PCH3
M 73312 | 60454 | 10418 | 30868 | 34727 | 27009 | 69454 | 7771 |
Q 96464 | 17363 | 86817 | 59807 | 57878 | 21222 | 75242 | 48232 |

Fig. 150 — Design combinations of loads

Reinforcement calculation and reinforcement selection

On the Design tab, click the button “a — Reinforcement
calculation, on the Bar reinforcement panel, select the Asymmetry
command to set the display mode for asymmetric reinforcement, click the

button Q' to display the lower distributed reinforcement (Fig. 151).
S ERERE R &

Asymmetric E] B'E] MII] \:Q OL'E
asy DQ D 2 u P

LIRA-C

(=] Distributed Reinforcement AS1

Displays area of lower longitudinal
reinforcement AS1

Fig. 151 — Command to display the lower distributed reinforcement AS1

The program displays the reinforcement diagram near the bottom edge of
the beam (Fig. 152).

3834

3.834 s > X .3 - | |
il . : i ; oMl il !l"l"l Mo,

Fig. 152 — Area of lower distributed reinforcement AS1 in the beam

To display the reinforcement at the upper edge, press the button {j ']
Fig. 153.
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‘ [j Distributed Reinforcement AS2

Displays area of upper longitudinal
reinforcement AS2

Fig. 153 — Command for displaying upper distributed reinforcement AS2

The reinforcement diagram at the upper edge of the beam is shown in Fig.
154.

Fig. 154 — Area of upper distributed reinforcement AS2 in the beam

The table of reinforcement results for secondary beam elements is shown
in Fig. 155.

Designing a secondary beam

It should be noted that in LIRA, the calculation is performed in a
linear setting. In the case of beam reinforcement with separate bars,
longitudinal working reinforcement for span and support sections is first
selected according to the calculation (see the table of automated
reinforcement selection results, columns AS1-AS2). Structural (transverse)
reinforcement is marked as ASW1 in the table.
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Peaynbratu apmysaHnHa y cTepxuax [BH B.2.6-98.2009 (BapianT 1)

Nepepis| CHC MogosxHA apMaTypa |I10nepeuhaap—pa HIHT:J?:::“D'
Avt | avz | Aus | aus | as1 | as2 | ass | ase | % [ Aswi | aswz [kopork.| Tpue.

NogoekHA apMarypa: eM*2; Monepeyda: cm™2; LLKP.TRILWUH: MM;

Banka 3; TaBp nonuus seepxy; B=20.00; H=40.00; B1=210.00; H1=7.00 cm; L=1.00 M
Beton C20/25; Apmatypa: noaoexHA A400C; nonepeyHa B500

1 H 5.64 0.26 | 0.88
5.64 0.2

2 H 5.43 0.25 | 0.88
5.43 0.25

Banka 7, TaBp nonuusa seepxy; B=20.00; H=40.00; B1=210.00; H1=7.00 cm; L=1.00 M
BeTtoH C20/25; Apmatypa: nogoexHa A400C; nonepevHa B500

1 H 3.51 | 9.59 0.62 | 8.27
3.51 | 9.59 0.62

2 H 2.56 0.12 57
2.56 0.12

EBanka 10; Taep nonvus seepxy; B=20.00; H=40.00; B1=210.00; H1=7.00 cm; L=1.00 M
BeTtoH C20/25; Apmartypa: nogoexHa A400C; nonepeyHa B500

1 H 2,66 0.13 | 0.88
2,66 0.13

2 H 2.56 012 | 0.88
2,56 0.12

EBanka 13; Taep nonwus seepxy; E=20.00; H=40.00; B1=210.00; H1=7.00 cm; L=1.00 m
EeTtoH C20/25; Apmartypa: nogoexHA A400C; nonepeyHa B500

1 H 0.75 | 6.82 035 | 717
0.75 | 6.82 0.35

2 H 0.64 0.03 | 459
0.64 0.03

Puc. 155 — Results of reinforcement selection in selected beam elements
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Topic 6. Design of metal trusses

Task. Calculate and analyze the stress-strain state in the elements of
a metal trapezoidal truss made of seamless hot-rolled pipes. Check the
specified cross-sections and select the cross-sections of the truss
elements.
Perform the calculation for the following loads: 1 — dead weight of the roof
structures; 2 — snow load on the entire span; 3 — snow load on half of the
truss span.

Laboratory Work No. 12

Creating a calculation model, analysis of static calculation
results and selection of truss element sections

Purpose and plan of the session

Create a calculation model. Select a calculation and design option.
Generate tables of calculated load combinations (LC). Perform a complete
calculation of the steel truss.

Review and analyze the results of the static calculation of the truss.
Create tables. Analyze the diagrams of bending moments and shear forces
in the truss elements. Analyze the results of checking and selecting the
cross-sections of the truss elements. Design the truss.

Creating a new task

On the quick access toolbar, click the — New button. In the
Diagram Description dialog box, enter the name of the task: “Truss
L=24m,” and in the Diagram Type list, select the line 1 — Two degrees of

freedom at the node (X,Z displacement). Click the ‘*/ — Confirm button.

Selecting a calculation and design option

For structural calculations in accordance with current standards, click

~

the button & — Scheme design options and select the required standard
(DBN V.2.6-198:2014) in the Design options dialog box. In the same
window, specify the calculation option (based on design combinations of
forces — DCF).
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Suhy 20 Creating a geometric
L3 .
%II ™ diagram of atruss
Copy h:’az' On the Create and Edit tab, click the
52 (o]
Y

== - Generate Trusses button and

ey select the command of the same
A Create Tass name (Fig. 156). The Create Flat
| Creates trusses Trusses dialog box will appear (Fig.

157).

Fig. 156 — Creat Truss dialog box

In this window, select a truss by the outline of the chords (Fig. 157, a)
— in our case, to create a trapezoidal truss diagram, press the button

iy

. To select a truss configuration by the outline of the grid (Fig. 157,

b), press the corresponding button —

BuSip $epru no o5pucy NOAGE [ S —
CreopiosaTH By AU & MicusK CTB0PIIBATH BYSM B MiCuA
nepeTHHy 3 i KE X ? nEpeTHHY 3 iHkr KE s X ?

Figure 157 — Cenerate 2D truss dialog box: a — select a truss by
the outline of the belts, b — by the outline of the lattice
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Generate 2D truss x

) |
Parameters of truss
L e K[
h m afaZ |0

Coordinates of yellow node of truss
Select node of fixation

x [o. | ¥ [o. | z|o. |

Draw

v }
Intersect with other FE JIxX?

Fig. 157 — Dialog box for specifying truss parameters

In the dialog box that appears (Fig. 157), you need to specify all the
numerical parameters that will determine the dimensions of the truss. To
do this, fill in the appropriate fields:

v' truss length L= 24 m;

v h=2m;

v/ parameter K (number of panels) — 8;

v' fi—angle of inclination of the upper chord — 15°.
After that, click on the Draw button. If the user is satisfied with the created
diagram, click — Apply, if not — make corrections. The geometric diagram
of the truss is shown in Fig. 158.
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Fig. 158 — Geometric diagram of a truss

1Al
Save the task by clicking the button “/i . In the Save As dialog box,
specify the folder where this file will be saved.

Setting boundary conditions

Activate the command button | W Node Marking, mark node No. 1

(it will be displayed in red). To set the constraints, use the button - .In

the Constraints dialog box, select the directions in which node No. 1 (Z —

hinged support) is prohibited from moving, click + — Add constraints to

selected nodes. Next, select node No. 9. In the Constraints dialog box,

select the X and Z directions (hinged support) and click + .

Setting stiffness parameters and material parameters for

diagram elements

Click the button 1:4 — Element stiffness and materials. In the
Stiffness and Materials dialog box (Fig. 159), create a list of Stiffness
types. On the Stiffness tab, click the Add button, select the second tab —
Metal Cross-Sections Database, and activate the Pipe cross-section. The
Steel Section dialog box (Fig. 160) will open, in which you select a product

from the list, for example, Seamless Hot-Rolled Pipe and Pipe Profile.
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Assign properties: only current tab
[stiffness: of
‘ | x 7 Add stiffness *
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a) b)
Fig. 159 — Dialog boxes: a — Stiffnesses and materials (Stiffnesses
tab), b — Add stiffness
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Fig. 160 — Steel Section dialog box
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As for the profile, for the upper chord of the truss, which will be under
compression, it is worth choosing a slightly stronger one, for example,
180x12; for the lower chord of the truss, which will be under tension, a less
powerful one, 168x12; for the lattice elements, an even smaller one, 89x6.
The profile is chosen arbitrarily, based on the designer's experience or
intuition. Later, the program will perform a check and selection of truss
elements.

For convenience, you can change the color and specify the name of
the group of elements in the Comment field for each type of stiffness, for
example, Upper chord. The result will be a list of rigidities (Fig. 161), each
of which will need to be assigned to the corresponding truss elements.
However, to design a truss, you need to specify materials and additional
characteristics. This must be done separately for each type of rigidity.

Assign properties: [Conly current tab

Stiffness: <

| ] 1. Pipe 180 x 12 (Upper belt) | v

4

< 7

Materials: D.Option E ERE TS
Material Addtional parame... | Selection imtations

I 1. Upper belt 2, Grate 1. Upper belt o

[rilot reinforcement:

Properties | Rc | Metal | Brickwork | PR type |

List of stiffness types !
ol L Pipe 180 x 12 (Upper belt)
0| 2 Pipe 168 x 12 (Lower bel)
Ol 3. Pipe 89 x 6 Grate)
+
+
Add=>
Display...
Copy
Delete
Mg 5] fon | [
5
[ Setas current one |
[uist for fragment = | MF| K L]

VA
Fig. 161 — Created list of stiffnesses

To do this, in the Stiffnesses and Materials dialog box, on the
Stiffnesses tab, double-click on the 1. Pipe ribbon. Upper belt, go to the
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Steel tab, with the Material radio button selected (Fig. 162), click the Add

button.

Metal cross-section

Components  Stifness

Section components:

- @ 1 Pipe 180 x 12

B Parameters

o
Comment
Profile |=z-7e cvism. N 1, 2) <TRUBAZ profiles.srts v‘ S Setof parameters
Section
|1SD x 12 V‘ =] Material table
Moterial
Short tables

Material STL - steel
E kjm2 G, kNfm2  Ro, kjm3
|Z.DGE-HJUB ‘ |7.ee+007 ‘ | ‘

pecification

Tw

Z1

T%‘ﬂ

Rotation Section...

Corrosion: not spedified

H=18 Information about shapes in the file
Tw=12  Annotation: Tpyfe cransHele GeauosHsie
(@linecm)  rops-eaedopmiposatisie (TOCT 873278 ¢
w3m. N2 1, 2)
The shapes comply with building codes: FOCT
B732-78cumsM. N2 1,2
Shapes are sorted in ascending order of the
parameter: Mnowans
Number of shapes in the file: 1316

Comment: | Upper bel Colour

Corrosion...

Cracysam

1
Upper belt
Exact match

Cran, ver (A6H ..

€235
No

Cancel

Fig. 162 — Dialog boxes: a — Stiffness and materials (Steel-Material

tab), b — Parameters

In the Parameters dialog box (Fig. 162, b), select the steel grade
from the list and click OK.
Next, with the Additional characteristics radio button selected (Fig.

163), specify the type of element — truss, limit flexibility, etc.

These steps must be performed sequentially for all types of
stiffnesses from the list. Next, assign the appropriate stiffnesses to all truss

elements, then close the Stiffnesses and Materials dialog box.
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Assign properties: [Conly current tab
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Stiffness: 7 o o -
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Fig. 163 — Dialog boxes: a — Stiffness and materials (Assing properties),
b — Parameters

Load assignment

Node loads are assigned to the truss. Activate the command button
— Node Marking, mark the nodes according to the loads:

» Load 1 — permanent, from the dead weight of the roof
structures, applied to the nodes of the upper chord of the
truss, P =5 kN.

» Load 2 — short-term, snow, for the entire span, applied to
the nodes of the upper chord of the truss, P = 4 kN.

» Load 3 - short-term, snow, for half the span, applied to the
nodes of the upper chord of the truss, P = 4 kN.

Each load is formed separately. Twice less load is applied to the
extreme nodes, because the load area here is twice smaller (Fig.
164).
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Fig. 164 — Loading 1

The second load is set in the same way (Fig. 165).
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Fig. 165 — Loading 2

The third load is applied to half of the truss span (Fig.
166).
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Fig. 166 — Loading 3

Generating the DCF table

Since several loads of different durations were specified, it is
necessary to create an DCF table for further selection of truss member
cross-sections based on the most dangerous combinations of forces.

The dialog box of the same name is called by clicking on the button |%I
— DCF table (DCF panel on the Calculation tab) — Fig. 167.
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B Design combinations of forces (DCF) X

Mumber of DCF table IZ 2 f E) v
5

Name of DCF table [ DB _1 |

safety factor K
i DBMB.1.2 - 2:2008
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. A
Load case Mo. 3 = ‘ Load case 3 |
for emergency combin.
Load case type Short-term (2) ~ Default...
# of group of integrated E DCF coeffidents
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# 2main  Emergen. Zmerg.(n E S combin. & combin. 7 combin. & com|

e S I Oy |io0 o090 100 oo (000 000 000
o raaly 2 [0% 050 08 000 000 000 000
e rmiom 3 090 [0s0 080 000 [0.00 0.0
Ratio of factors -
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Do not consider for analysis by 5LS

Restrictions for cranes and brakes

~
v

Summary table for DCF calculation: |j]

L... | Load case name | Type DCF parameters DCF coefficients

1 Loadcase 1 Dead (0) 0000000 L10 100 1.00 1.00 0.90 L00

2 loadcase 2 Short-term (2) 2001000 1.00 0.35 1.00 0.90 0.50 0.80

3 loadcase 3 Short-term (2) 2001000 1.000.35 1.00 0.90 0.50 0.80

< >

Fig. 167 — Designh combinations of forces (DCF) dialog box

In this window, for the selected building codes DBN V.1.2-2:2006,

you need to specify the types of loads: 1 — permanent, 2 and 3 — short-term
show.

For loads 2 and 3, enter 1 in the text field No. of mutually exclusive
loads group in order to take into account only the most unfavorable snow
load for a specific combination of forces. Save the table by clicking the

button ‘/ .

Complete calculation of the truss

Before starting the calculation, you need to save the task. To
calculate, click on the button — Perform calculation.

Complete calculation of the truss

Before starting the calculation, you need to save the task. To

calculate, click the button /" _ Perform calculation.
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Viewing and analyzing the results of static calculation

On the Analysis tab, in the calculation results viewing mode, the
calculation diagram is displayed by default, taking into account the
displacements of the nodes. To display the diagram without taking into

H

account node displacements, click the button
(Deformations panel on the Analysis tab).

— Initial Diagram

Displaying internal force diagrams

To display the longitudinal force diagram in the truss elements, click

the button ‘l — Longitudinal force diagrams N (Forces in bars panel on
the Results tab).

Fig. 168 shows the diagram of longitudinal forces in truss members
from the first load.

6 \’? i 9

137
0
h

Fig. 168 — Diagram of longitudinal forces in truss elements from the first
Loading

Creating and viewing calculation result tables

To display a table with the values of calculated forces in the

[

elements of the diagram, click the button fains. — Documentation

(Tables panel on the Analysis tab), select the Interactive Tables
command from the Documentation drop-down list.

The Form Editor dialog box will appear, in which select the DCF
bars ribbon (see Fig. 120), in the Create DCF Table window, select the
desired option — for all elements or only for selected ones (in which case
these elements must be selected in advance). Confirm the operation.

The program will generate a table of calculated force combinations
for the truss elements.

126



Review and analysis of the results of checking and selecting
steel truss member cross-sections

Go to the Design tab. On the Steel: Calculation panel, activate the

Calculation command by clicking the button 2 3 The Steel Calculation

dialog box (Fig. 169) will appear, in which you need to click the Calculate
button.

Metal analysis >

Analysis of bars

check

select sections

Analysis by DCF, table 1, «<DBM_ 1=,

X

selected only

do not dear previous results

Fig. 169 — Steel Calculation dialog box

After the calculation is performed, the Max Results by Elements

panel (Fig. 170) becomes available, which is used to analyze the specified
cross-sections.

NN VI N LT D

-

ULS SLS LB uLs SLS LB Sections

Fig. 170 — Max Results by Elements: Inspection and Selection

By clicking on the button "Uls | you will get a mosaic of the
calculation results for the truss elements according to the first group of
limit states (for strength) — Fig. 171. At the same time, using the color
scale, you can determine the percentage of the load-bearing capacity of
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each truss element for the specified stiffness.

= == =T
8 e 915 n 125

Fig. 171 — Mosaic of results of strength calculation of truss
elements

e

By clicking on the button S5 | you can obtain a mosaic of truss
member calculation results for the second group of limit states (for
flexibility). Local stability of members can be checked by clicking on the

Iz
button ' B . The results of cross-section selection are analyzed using the
%™
corresponding buttons U= S5 1B The selection of truss elements is
1L
carried out by pressing a button [sedions|
To view the results of the verification and selection of truss

elements in tabular form, execute the command Documentation — Results
tables for steel in the Tables panel (Fig. 172).

|Documents|

-

H
’_H; Analysis Results Tables for Metal

I I:‘ P |m5| Tables of Results . .
—i Creates or opens the tables of |. Flg 172 — Documentation
results metal analysis command - Results tables for
,_v_/‘ﬁ’ Interactive Tables steel
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The Tables dialog box will appear, in which select the Metal Elements tab.
Check (Fig. 173) and confirm the operation.

Input data  Output data

] Add table to Report Book

Format fortables: ~ CSV/(*.csu) Other Pt
Analysis protocal
Displacements

Forces

DCF, design values
DCF, design values (ive)

DCF. nomative values

DCF. nomative values {ive]
Metal elements. Check

Metal elements. Selection.
Metal elements. Final check
Metal elements. Final selection.
Total loads

Table for all elements

Fig. 173 —Tables dialog box

The program will generate a table (Fig. 174) with the percentages of
load-bearing capacity exhaustion of steel truss element cross-sections.
To generate a table with selected cross-sections (Fig. 175), select

the Steel Elements. Selection ribbon.
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PepMn

Kpox | Mpum MpoueHTH BAUEpPNaHHA HECYJoi 3gaTHocTi Gankm no [oBwuHa
pebep TKa nepepizax, % eneMeHTa
Enement| HI| Ipyna | (nna
HOK)
wop [cvi[czi]mvafrza] cc [ cn Jarc[arc[mc

Mepepis: 1.1.1. Tpyba 180 x 12

Mpodine: 180 x 12; TOCT 8732 - 78%

Crane: BCT3nc4;

CopTameHT: Tpyba BecloBHan ropAqeKaTaHas

9 1 0.00 0 0 0 0 0 0 0 0 0 0 3.11
9 2 0 0 0 0 0 0 0 0 0 0 3.11
11 1 3 0 0 0 0 3 0 3 0 3 3.11
11 2 3 0 C C 0 3 o 3 0 3 311
12 1 3 0 0 0 0 3 0 3 0 3 3.11
12 2 3 0 0 0 0 3 0 3 0 3 3.11
14 1 0 0 0 0 0 0 0 0 0 0 3.11
14 2 0 0 0 0 0 0 0 0 0 0 3.11

Fig. 174 — Table for checﬂlﬂng specified cross-sections

DMA

Kpox MpoueHTH BrUepnaHHa Hecyuoi zaaTHocti Bankn no NosmnHa
pebep nepepizax, % eneMeHTa
Enement | HN | rpyna |(nnanok)iNpumiTkal

wop |ovi [czi|vi|rzi [ cc | en [irc]arc|mc

Mepepiz: 1.1.1. Tpyba 180 x 12

Mpodine: 180 x 12; FOCT 8732 - 78*

Crane: BCT3ncd;

CopTamenT: Tpyba GecwoBH3aR ropAYekaTaHas

9 Migifpano: 1.1.1. Tpyfa 25x 4

Mpodine: 25 % 4; FOCT 8732 - 78*

Crane: BCr3ncd;

9 1 I I a i i 0 i 0 I a I 311
9 2 ] ] 0 0 ] 0 ] 0 ] 0 ] 311
11 MigiGpano: 1.1.1. Tpyfa 25x 4

Mpodine: 25 x 4; TOCT 8732 - 78*

Crane: BCT3ncd;

11 1 70 0 0 i 0 73 0 70 0 73 3.11
11 2 ] 70 0 i ] 0 73 0 70 0 73 3.11
12 Migitpano: 1.1.1. Tpyba 25x 4

Mpodine: 25 x 4; TOCT 8732 - 78*

Crane: BCT3ncd;
12 1 ) | [70 o Jo Jo o 3 Jo [0 Jo 53 [3n
12 2 .00 | 70 Jo Jo o ¢ Je3 o Jeo Jo 7z Jaar
14 Migitpano: 1.1.1. Tpyba 25x 4

Mpodine: 25 x 4; TOCT 8732 - 78*

Crane: BCt3ncd;
14 1 0.00 I 0 0 I 0 I 0 I 0 I 311
14 2 0.00 i 0 i i 0 i 0 i 0 i 311

Fig. 175 — Cross-section selection table
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Questions for self-assessment

1. What is the purpose of the LIRA-CAD software?

2. Describe the capabilities of the LIRA-CAD software.

3. Name the main design systems of LIRA-CAD.

4. What is a diagram feature? Why is it important to choose it
correctly?

5. What operations can be performed on the Design tab?

6. What reinforcement selection algorithms are implemented in
LIRA when designing bar elements?

7. How to set up units of measurement in LIRA-CAD?

8. What loads should be calculated for buildings and structures?
9. What is the sequence for creating a calculation scheme?

10. What are the features of specifying calculation combinations
of forces in LIRA-CAD?

11. How to generate tables of static calculation results?

12. How to assign material parameters for structural calculation?
13. How to design a frame transom? A column?

14. How to display reinforcement diagrams/mosaics of bar
elements on the calculation scheme?
15. How to display the areas of longitudinal and transverse

reinforcement for plate elements on the calculation diagram?

16. How to display the percentage of reinforcement of cross-
sections and the width of crack openings on the calculation
diagram?

17. How to generate tables of reinforcement selection results in
the elements of the calculation diagram?

18. How to specify rigid inserts when creating a calculation
diagram for a monolithic beam floor?

19. How to call the local reinforcement mode?

20. How to view and analyze the results of selecting steel truss
element cross-sections?
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Content module 2. Calculation and design of structures of multi-
story monolithic frame buildings in the MONOMACH-CAD

Topic 7. Familiarization with the software complex, its
capabilities and interface

Laboratory Work No. 13
Purpose and composition of the MONOMAX-CAD software
package

Purpose and plan of the session

To familiarize students with the purpose of the MONOMAH-CAD
software package and the programs included in it.

The MONOMAH software package is a typical representative of
intelligent design systems. The package is designed for calculating and
designing monolithic multi-story frame buildings. It also calculates brick
buildings up to 14 stories high with monolithic reinforced concrete elements.

The MONOMAH PC consists of nine information-linked programs,
each of which can operate in standalone mode: KOMPONOVKA, BEAM,
COLUMN, FOUNDATION, RETENTION WALL, SLAB, SECTION (WALL),
BRICK, SOIL. Figure 1 shows the components of the MONOMAX-CAD
software package.

File Edt Wiew Favorites Tools Help

€] > ? /.-\’ Search Falders Elv

1, KomnoHoeka 2, Banka 3. KanonHa
Apnei Apnei Apnelk
3KB ZKE ZKE

3apaum gnn daiinos 4 nanok A

[l

qﬂ MepevreHosaTe hain

-_& MNepenecTHTe hakin 4, ByHAGMEHT
Apneik
D KonmpoeaTe haiin # 2?(5

&, Mnnta

Apnei Apnelk
ZKE ZKE
. KHpnm- @

@ OnylnnkoeaTe Gain 6 sele

_J OTMpaEMTE 3TOT dakin no ; Esipes (Crena) 3 ;E?;HT
ANEKTPOHHDA NO4TE iy >

ZKB ZKE

¥ ¥aanuTe dadin

Ha4ansHele yoTaHOBKH \ Cnpaeka . YuehHos nocofne
Apnei Apne Apnetk
Ilpyrue mecta 2 1KB 1K 1KE

Fig. 1. Components of the MONOMAH-CAD software package
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KOMPONOVKA — a root program for designing multi-story frame
buildings made of monolithic reinforced concrete and buildings with brick
walls. It allows you to quickly and conveniently create a building diagram in
interactive graphic mode, set loads in their natural form, calculate the
strength of building structural elements, select element cross-sections,
determine the consumption of concrete, reinforcement, bricks, and other
materials, estimate the cost of construction, and export data to other local
programs.

Main functions of the program:
+  creating a building model on an arbitrary grid plan with columns,
beams, walls, partitions, floor slabs, foundation slabs, and piles;
. calculating brick buildings with load-bearing walls and combined
frame buildings of increased height with brick infill;
* reducing the time required to create a model and perform variant
design using various service capabilities - moving and rotating the
coordinate system, copying, transferring, deleting one or a group of
elements, modifying numerical values, copying floors;
» specifying vertical and horizontal loads on floor slabs in the form of
distributed loads over the entire plane or on a section, as well as in the
form of concentrated forces;
. specifying the direction of impact and information about the
construction area to take into account wind and seismic loads;
« importing a soil model created by the GRUNT program;
+ automatic generation of a building calculation scheme; performing
static and dynamic calculations to determine displacement, force, and
stress; selecting or checking element cross-sections; generating a list
of material costs, frequency tables, and vibration periods. Animation of
natural vibrations allows you to evaluate the accuracy of the created
model;

» exporting data to the BALKA, KOLONA, FUNDAMENT, PLITA,
ROZRIS (STINA), TSEGLA design programs, exporting loads on
foundations to FOK-PC, and exporting the calculation scheme to PC LIRA.

BALKA is a program for designing monolithic reinforced concrete
beams. The program allows you to design multi-span monolithic beams with
variable cross-sections. The diagram is generated in import mode and in
offline mode. Calculations are performed for groups | and Il of limit states
(based on crack opening). It is possible to construct an envelope diagram
and find the required cross-sectional area of reinforcement. A diagram of
materials is constructed. The beam is designed using welded frames or
knitted reinforcement. Drawings are generated and a dxf file of the drawing
is created.

COLUMN - a program for designing monolithic reinforced concrete
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columns of various cross-sectional shapes and pylons. The diagram is
formed in offline mode and import mode. Calculations are performed for
groups | and 1l of limit states with reinforcement selection and design.

RETAINING WALL — a program for designing and checking retaining
walls. The program allows you to design a monolithic reinforced concrete
corner retaining wall for the specified engineering and geological conditions
of the construction site. A massive retaining wall is checked. The required
reinforcement area is determined and the design is also performed. The
diagram is generated in offline mode. A drawing is made and a dxf file of
the drawing is created.

FUNDAMENT — a program for designing monolithic columnar
reinforced concrete foundations on a natural basis. The program allows you
to design a foundation for a column, calculate the necessary reinforcement,
and perform the design. A drawing is made and a dxf file of the drawing is
created.

SLAB — a program for designing monolithic reinforced concrete floor
slabs and foundation slabs. The operation of the slab in the general frame
is implemented by transferring displacements at the junction nodes. Based
on the calculation results, stress fields and diagrams are constructed for a
given segment. The stress fields under the base of the foundation slab and
the force mosaic in the piles are also constructed.

SECTION (WALL) — a program for designing reinforced concrete
monolithic and brick walls. The program allows you to design monolithic
reinforced concrete walls of any shape in conjunction with adjacent frame
structures. Variable wall thickness and the presence of openings are taken
into account. The wall's role in the overall frame is taken into account by
transferring displacements at the CE joints. Based on the calculation
results, force fields and diagrams for bar elements are constructed. The
cross-sectional area of the required reinforcement is determined, and the
wall is reinforced with meshes and bars.

BRICK is a program for designing walls of brick buildings. During the
calculation process, the required number of meshes and the selection of
vertical reinforcement bars are determined. The diagram is generated in
import mode from the KOMPONOVKA program.

Topic 8. Creating a model and calculating a multi-story
monolithic frame building in the KOMPONOVKA program
Task. Create a model of a multi-story public building according to an
individual task, perform a static calculation. Perform a detailed analysis of

the calculation of the main structural elements.
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Design guidelines

We will create the building's calculation scheme in the
KOMPONOVKA program. This is the core program for designing multi-story
frame buildings made of monolithic reinforced concrete and buildings with
brick walls. It allows you to quickly and conveniently create a building layout
in interactive graphic mode, set loads in their natural form, calculate the
strength of structural elements, select element cross-sections, determine
the consumption of concrete, reinforcement, bricks, and other materials,
estimate the cost of construction, and export data to other local programs.

At the first stage of work, the main characteristics of the building are
specified (planning mark, soil characteristics, materials of structural
elements). After that, a typical floor plan is constructed, columns (pylons),
walls, partitions, existing openings, loads on floor slabs and roofs are
specified.

The shape of the building in the plan can be arbitrary. To form a
spatial planning scheme in height, use the floor copying function with
subsequent adjustment of the scheme on any floor. The structural scheme
of a building with load-bearing brick walls can include concrete and
reinforced concrete walls, columns, beams, i.e., create a combined frame
with brick filling.

To correctly collect loads from the dead weight of structures, the user
must assign the appropriate material from the list of materials to them.

A detailed description of the process of constructing a calculation
diagram is given below. You can also use the MONOMAX-CAD electronic
training manual.

Input data for creating a calculation model in the
KOMPONOVKA program

The input data for designing a building in the KOMPONOVKA
program are:

+ floor plans (basement, first floor, typical floor),

* sections (with elevation marks),

» information about the structural design of the building, main load-
bearing elements (location on the plan, cross-sections, and materials),

+ dimensions of window and door openings,

* permanent and variable loads on floors and roofs,

+ construction area (to determine wind and snow loads),

» geological conditions of the construction site.
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Load collection

The loads acting on floors and roofs are constant and variable.
Constant characteristic loads include the weight of the floor or roof. The
value of the characteristic temporary load is calculated by multiplying the
thickness of a given layer of material by its volume mass (density). The
dead weight of a monolithic reinforced concrete floor slab (roof) is
automatically taken into account by the program when modeling the
calculation scheme, so there is no need to specify it again. The design
values of loads are calculated by multiplying the standard values by the
reliability factors for load action and by the responsibility class of the
structure . The calculation is summarized in tables.

The characteristic and quasi-constant values of uniformly distributed
variable (temporary) loads on floor slabs (depending on the purpose of the
premises) are given in Table 6 of Appendix A (or in Table 6.2 [14]).

The characteristic values of loads and effects (wind and snow loads)
for cities in Ukraine are given in Table 11 of Appendix A (or in Appendix E
[14]).

Table 1. Total load per 1 m2 of floor slab

Ne Characteri coefficients Design
Load name stic load, h load, kPa
KP 7fm "
a

Permanent load

1 Ceramic tiles on cement-sand 0,285 1,1 0,95 0,298
mortar,
8 =0,015m, pm= 1900 kr/m3

2 Cement-sand screed, 0,360 1,2 0,95 0,410
8 =0,02 M, pm= 1800 kr/m3

3 Insulation 0,045 1,3 0,95 0,056
8 =0,05M, pm= 90 kr/m®

4 Cement-sand screed, 0,360 1,2 0,95 0,410
8 =0,02 M, pm= 1800 kr/m3

5 Reinforced concrete floor slab, Load is automatically taken into account
8 =0,16 M, pm= 2500 kr/m3 by the program

Total: 1,05 1,174

Variable load, including: 1,50 1,710
guasi-permanent 0,35 1,2 0,95 0,399
short-term 1,15 1,2 0,95 1,311
Full load 2,55 2,884
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Table 2. Total load per 1 m? of coverage

Ne Characte coefficients Design
Load name ristic # I load, kPa
load, kPa
Permanent load
1 Rolled carpet, 0,120 1,1 0,95 0,125
3=0,015 M, pm= 600 kr/m®
2 Cement-sand mortar screed 0,720 1,2 0,95 0,821

M100, reinforced with mesh
150%150 giam. 4 Bp-l,
3 =0,04 M, pm= 1800 kr/m®

3 Insulation - slabs mineral wool, 0,250 1,3 0,95 0,185
3=0,25M, pm= 100 kr/m®

4 Vapor barrier film 0,014 1,2 0,95 0,016

5 Cement-sand screed, 0,360 1,2 0,95 0,410
8 =0,02 M, pm= 1800 kr/m3

6 Reinforced concrete floor slab Load is automatically taken into account
coverage, by the program
3=0,16 M, pm = 2500 kr/m®

Total: 1,464 1,657

Variable load
snow 1,240 1,14 0,95 1,414
Full load 2,704 2,971

Table 3. Collection of loads from external walls

Ne Characteri coefficients Design
Load name stic load, 7" h load, kPa
kPa
Permanent load
1 Lime-sand mortar, 0,320 1,2 0,95 0,365
8 =0,02 M, pm= 1600 kr/m3
2 Lightweight concrete blocks, 0,800 1,2 0,95 0,912
8 =0,2m, pm= 400 kr/m3
3 Insulation — slabs mineral wool, 0,045 1,3 0,95 0,056
8 =0,05M™, pm=90 kr/m®
4 Brickwork made of ceramic 1,440 1,2 0,95 1,642
hollow bricks on cement-sand
mortar
§=0,12 ™M, pm= 1200 kr/m3
Total: 2,605 2,975

The load on 1 m of the floor slab from the wall is determined
depending on the height of the floor (for example, 3 m):
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- constant characteristic 2,605-3=7,815 kN/m;
- constant design 2,975-3=8,925 kN/m.

Laboratory Work No. 14
Creating a calculation model of a building
Purpose and plan of the session

Create a new task and assign general characteristics to the building.
Assign materials to the elements of the calculation scheme. Set the
coordinate axis grid for the projected building. Arrange vertical structural
elements—columns, pylons, and walls—on the plan. Model openings in the
walls.

Creating a new task and assigning general building
characteristics

To start working with the MONOMAH software package's LAYOUT
program, run the Start - Programs - Monomakh-SAPR - 1.
KOMPONOVKA command. The program will automatically create a new
document, so no additional actions are required to create a new project.

To set general data about the building, use the Scheme - Building
Characteristics menu to open the General Building Characteristics
dialog box, where you can set:
the layout elevation (ground elevation);
the top of the column elevation (basement floor elevation);
the base elevation (foundation depth);
soil characteristics — specified (characteristics of the bearing
layer — soil bulk weight, internal friction angle, adhesion,
deformation modulus, Poisson's ratio). Attention! Be careful
with the units of measurement for these values;
> the rest of the parameters can be left at their default values

(Fig. 2).

To save the data, click the OK button.

YV VYV
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General parameters of structure >

Digtribution of horizontal loads

Sail level 015 m it analysis of whale structure
Upper level of column baze -3.0 m
Lowwer lervel of foundation 26 m |Mi:<ed j
Soil properties
| Speciied |
. Angle of ) todulus of  Caony. factor to : )
Density internal Cohesion elasticity 2 modul. of Poizson's ratio
(tm?] friction [*] [t/m] [tFrn2] elast.
1.8 |22 2 [1000 |5 0.4

Additional parameters to calculate moduli of subgrade reaction

Lyambda |05 Code SNIP 2020183 - Method |3 v
tin depth of

compreszible stratum 0 m r

Additional constant stress along whale depth 0 ttmn2

QK. | Cancel Help |

Fig. 2 — General parameters of strukture dialog box

The name of the object is specified using the File - Object Name
menu. The name may include the student's surname and the name of the
object.

Assigning material characteristics to building structural
elements

Using the Scheme - Materials menu, open the Materials dialog box,
in which you can specify the characteristics of materials for all structural
elements (Figs. 4, 5). If the assignment specifies the main load-bearing
elements of the building made of monolithic reinforced concrete, you can
specify them as follows:

v/ foundations - concrete class C12/15, working reinforcement - class
A400C, structural - class A240C;

v' columns (pylons) - concrete class C16/20 - C20/25 (depending on
the number of storeys of the building), working reinforcement -
class A400C, structural - class A240C;

v' floor slabs (coverings) - concrete class C20/25, working
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reinforcement - class A400C, A500C structural - class A240C.

Materials X
Mame Type Modulus of Poisson's  |Unit weight, (Codein | Price for Components Usage
elasticity, kPa ratio kM/fm3 NMP m3
1. R/C Columns Reinforced c... 2.7e+007 0.2 24.517 46 €20, A400C, A240C Yes
2. R/C Beams Reinforced c... 3e+007 0.2 24,517 46 25, A400C, A400C fes
3. R/C Slabs Reinforced c... 3e+007 0.2 24.517 46 €25, A400C, A400C Yes
4. Walls Brickwark 3.452e+006 0.25 17.6523 59 1 150, 100 ‘fes
5. R/C Footings Reinforced c... 2.42+007 0.2 24,517 4% 1 €15, A400C, A400C Yes
6. R/C Partitions Reinforced c... 2.7e+007 0.2 24.517 46 1 €20, A400C, A400C Mo
7. R/C Mat foundations Reinforced c... 2.4e+007 0.2 24,517 46 1 €15, A400C, A400C Mo
Current material Add... Edit... | Copy |
Delete ‘ Delete all ‘
Add from file... | Save to file... ‘
Materials for Select elements with current material
column footings Location Action
[ 5- Ric Factings B |Current storey || ||select and cancel previer ~ |
wall footings uﬂ
[FRereee o

Fig. 4 — Materials dialog box

If the building is designed as a frame, then external non-load-bearing
or self-supporting walls can be left unmodeled, and the load from them can
be specified as a linear load on the floor at the point where the walls rest
(along the contour of the floor slab).

If the building is designed with an incomplete frame or frameless at
all, with brick load-bearing walls, then the wall material is specified as
follows:

» in the Materials dialog box (Fig. 4), click the Add button;

> in the Type field (Fig. 5), select “Masonry”, specify the brick
and mortar grades, price per m3 in the appropriate fields,
and click the “Calculate modulus of elasticity” button.

To save the data, click the OK button.

Setting the construction grid and coordination axes of the
building

Open the Cartesian Grid dialog box (Fig. 6) using the Scheme -
Grid - Add Cartesian Grid Fragment menu, set the axis spacing in the X
and Y directions in accordance with the floor plan of the designed building.
Click OK.
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Material h:4

Mame Brick, mark. 150 -
| Walls
Cement
Type rartar 100 ~
|E|rid<.'.w|:|rk ﬂ Design coef. [sect.
3.22 SNIP) (.
Mt;dUL}J_S tsf 3.452e+006 KPa
elastici
| Calculate modulus of elasticity
Poisson's ratio 0.25

Unit weight 17,6523 kN/m3
Code in NMP 59
Price for m3 1

OF. | Cancel |

Fig. 5 — Dialog box for specifying brickwork for walls

Cartesian grid hed
Translational distance relative to origin
Along # ’D— m Along ’U— T
Fiotation angle ID— :
Divide along * Divide along Y
Step [m] Mumber Step [m) Mumnber
B FE 4R F 4
R Y -
F F [ @
o o o
o oo
o i | a—
Clear
Ok | Cancel | Help |

Fig. 6 — Cartesian Grid dialog box

Set the position of the coordination axes of the building using the

Scheme - Add elements - Add axis menu (button El on the toolbar). In
the Add axis dialog box, set the name of axis 1 (by default - al), click the
mouse button on two grid nodes so that the specified points determine the
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position of the coordination axis. Consistently,

Visualization ﬂ setting the required axis names in the Add axis
dialog box, specify the positions of axes 2, 3, 4,
i L= @ etc. according to the building plan.
n| @ Ur f ;
To display the created axes on the screen,
n|cl df - R

you can use the button to call the
a0 O (2 Visualization toolbar (Fig. 7) and click the button
ar

n n

n n

&
@

B g ||
||<:— F" ‘E_«(ﬂ =
|<-'<:-|3lzl &l

Fig. 7 — Visualization toolbar

Fi [0 : &

el Creating and placing columns on the plan

1. RAC Colurmng -

Section, m Set the parameters and position of the
[Rectang= =]/ columns using the Scheme - Add elements - Add
b ,M— I~ F

O T column menu (button ﬁl on the toolbar). In the
Add column dialog box (Fig. 8), set the following
parameters:

bh » material - select the one intended for

the column from the list of materials;

Z1
= Ty

1.2 .
o » cross-section - rectangle (or other);
Hinges with slabs > Aill ir_1 the_ fields_ related to the cross-
[ Battom Top ™ section dimensions (to make sure that
m| b ity the dimensions are set correctly, click
[~ Generate PRB 112
Footing. m the button ==! to display them).
[~ Assign 1
b h H ] .
5 [o5  [o3 Fig. 8 — Add Column dialog box
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To place a column on the plan, select the single selection cursor using the

Scheme — Element Selection — Single Mark Cursor menu (button &
on the toolbar). Indicate on the scheme the node at the intersection of the
axes according to the building plan.

You only need to click the mouse once - otherwise you will place several
columns in one place, which will lead to errors when running the scheme for
calculation.

Saving model information
To save model information, select the File — Save menu item (button
on the toolbar).

Creating and placing walls (pylons) on the plan
Pylons (short walls) can be modeled as columns with a rectangular section

or as short walls (up to 3 meters long). Set the parameters and position of
the pylon using the Scheme - Add elements - Add

Add wall * [:I]
el o ~ Chain wall menu (button '= on the toolbar). In the Add
“; o wall dialog box (Fig. 9), set the following
i ° m | parameters:
Shifts > material — select from the list of
10 m  2[0 w | materials the one intended for the wall (pylon);
W atetial > thickness b;
(4, wialls =l > support conditions, etc.
hiskness Indicate in pairs on the diagram the nodes at the
b |04 m MF intersection of the axes where the walls (pylons) are
Hinges with slabs located, according to the building plan. If you need
[ Bottom Ton ™ [P to specify an additional node for modeling a short
sty ol bty wall that is not located at the intersection of the
dzt |° m _I
Stiffness cosfficient axes, you can use the button —£l — Specify node
k[T coordinates.
3 SZE b suppotedby In the dialog box (Fig. 10), specify the node
B Eizre Al coordinates (the Absolute option is selected by
Footing, m
'_hﬂssign | '; default); click the Apply button ﬂ]
I N (E Fig. 9 — Add Wall dialog box
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wall is offset relative to the axis), you can use the button

# |UB i * Ahzolute £
y |9 m 2

Fig. 10 — Dialog box for specifying the coordinates of one node

If it is necessary to specify two additional nodes (for example, if the

= =
WY Hy

— Specify

coordinates of two nodes (Fig. 11).

Pt

w1 |0 il w2 (0.6 il nﬂ
ul |4 m y2 |4 m

Fig. 11 — Dialog box for specifying the coordinates of two nodes

Modeling openings in walls

To model openings in walls (partitions), you should first add as many

standard sizes of windows and doors to the Openings Database as the
project requires. To do this, use the Tools menu - Openings Database. In
the Openings Database dialog box (Fig. 12), perform the following actions:

>

click the Rectangular button — the Opening dialog box will open (Fig.
13), in which you can specify the window (door) parameters;

click the OK button — the specified opening will be added to the end

in the opening list group;

click on the name of the specified opening in the list ribbon (by default
Conturl) — its contour will be displayed in the viewing window;

click on the name of the specified opening again and change the name
of the opening to D1 (or B1) — depending on whether it is a door or a
window. It is worth entering the dimensions of the given opening here,
so that later it will be easier to navigate in the opening database.
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i | Database of openings
— Add opening
Nama Shapa
Orro 1,2 Round
Rectangular... | Bamxox 2,2x2,2 Arbitrary
Ormo 0,9x1.5 Rectangular
Circular | Oero 1,2x1.5 Rectangular
Rectangular
Arched
Arched... | p= ~
— Praview #
Arbitrary... | ‘{
-
Delete | o
Edit... | o
OK I Caneel | Help |

Fig. 12 — Hole Database dialog box

To specify a hole in the wall, use the menu Scheme — Adjustment

— Hole in wall (partition) (button on the toolbar). After activating this
mode, specify the wall in the scheme.
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i ' Opening >
Preview

= |1.E m

=
—_—
r_ : M
b = |

= = |I3.9 m
Elr

b= |21 m

OE Cancel |

Fig. 13 — Opening dialog box

In the Wall Holes dialog box (Fig. 14), perform the following actions:

» in the Add group, click the From database button — the Add hole
from database dialog box will open;

» select the desired hole from the list and specify the coordinates of
the hole insertion point in the wall;

» click the OK button — the specified hole will be added to the wall
drawing in the Wall Holes dialog box;

» click the OK button.
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i | Openings in walls !

Edit__ | Jatzbaze Dfnpeni.ug;&.l Add to databass... I

| OF | Cancel | Help |

Fig. 14 — Wall Holes dialog box

Add opening from database *

Name Shaps [ In the same way, specify all the
Owno 12 Rouvnd H ildi

o aa vl openings on the building plan.

Oxzo 0,9x1.5 Rectangular

Ormo 1.2x1.5 Rectangular

Hezpe 0,5x2.1 Rectangular

Oxxo 0,9x1,8 Archad

£ >

V0.8

—Add to coordinates

¥ [ i Fig. 15 — Add Hole from Base

| ' 4|"“““‘1 dialog box
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Laboratory Work No. 15
Modeling of floor slabs
Purpose and plan of the session
Define the contour of the slab. Adjust the contour by specifying new
nodes. Model the holes in the slab. Specify the loads. Specify the reliability

and duration coefficients of the loads.

Specifying the floor slab contour

.Add clah f>< Specify the parameters and contour of
- _ the floor slab using the Scheme - Add
g I B o B Elements - Add Slab menu.

b aterial
|3 R/C Slabs |/l In the Add Slab dialog box (Fig. 16), set the
Thickness following parameters:

» material — select the one intended for
b 018 e [ F " the floor slab from the list of materials;

Loads » slab thickness b;
» load on the slab (permanent, short-

& [1.05 kM Am2 term, quasi-permanent).

Applied after assemblage Please note that the load evenly distributed
over the entire slab is set as a slab parameter.

af
|wh|:||e stiuchure ﬂ The slab’s own weight is generated
automatically by the program, so it does not

ﬁ 0.35 kM Az need to be taken into account in the

ermanent load.
fe 1719 kNem2 P

Fig. 16 — Add Slab Dialog Box

Specify the contour of the floor slab — sequentially indicate the
intersection points of the axes on the diagram according to the building
plan.

If you need to specify a node that is outside the grid nodes, then in

]
rom

the Add Slab dialog box, click the button ff=l — Specify node
coordinates. In the dialog box (Fig. 10), select the desired option (absolute
or relative) and specify the node coordinates.
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Click the button gj — Apply.

Adjusting the floor slab contour — adding new nodes and
moving existing ones

You can change the floor slab contour (for example, add a balcony
ledge) using the Scheme menu — Adjustment — Move or add contour

node (button El on the toolbar). To make it easier to specify the
coordinates of additional nodes, move the origin of the coordinate system to
the node closest to the desired one at the intersection of the axes using the

Scheme menu — Coordinate system — Move (button EI on the
toolbar).

Modeling openings in the slab

Openings in the slab are defined using the menu Scheme — Add

elements — Add opening in the slab (button Z| on the toolbar). Specify
the opening nodes on the diagram according to the building plan.

If there are not enough nodes to model the hole, use the button —
Specify node coordinates (far left in the Add Hole dialog box (Fig. 17).

Fig. 17 — Add Hole Dialog Box

A rectangular hole can be defined by coordinates using the button =l _
Define Rectangular Hole (far right in the Add Hole dialog box). In the
window that opens, define the coordinate of the first node and the X, Y

increment (Fig. 18).
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w (0 i d« 2.8 F nﬁ
Y e I dy 25 M

Fig. 18 — Dialog box for specifying the coordinates of the nodes of a
rectangular opening

Specifying loads on slabs
Considering the self-weight of elements

The self-weight of elements as an external load does not need to be
specified — it is automatically taken into account based on the specified
volumetric mass of materials. The load from the self-weight of elements is
included in the constant load.

Modeling of load stamps

When modeling the floor slab, a uniformly distributed load on it was
already specified. At the same time, the constant load included the weight
of the floor, the variable short-term load from people, and the variable long-
term (quasi-permanent) load from furniture, equipment, etc. The variable
load was taken into account according to the purpose of the building (see
Table 6 of Appendix A). If there are premises for different purposes on one
floor of the designed building (for example, offices, assembly halls,

archives, etc.), then it is necessary to take into
Add surface load % account the difference in loads, specifying it for
specific premises in the form of a load stamp.
o] 2| |

La
ca

Less eeas sl Make sure you have selected the

_ | required loading — short-term or long-term
fzﬂpell"z? A Tolabs ~||' (quasi-permanent) — by clicking the or button

fou 24
The load stamp is set using the menu
|whole stuctue _— | Scheme — Add elements — Add load stamp

Yalue

button W on the toolbar).
Pt kNm2 ( )
Fig. 19 — Add Load Stamp Dialog Box

on the toolbar, respectively.
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In the Add Load Stamp dialog box (Fig. 19), you need to enter the
difference between the collected load on the given area and the load
already applied to the floor slab.

The load on balconies and loggias can also be specified as a stamp
or linear evenly distributed over a 0.8 m wide area along the fence.

Linear Load Modeling

The load from external non-load-bearing or self-supporting walls can
be specified as a linear load on the floor slab at the point of support of the
walls - along the contour of the slab (Fig. 20).

Fig. 20 — Linear load on the floor from external walls

Add linear load *
. ;9| i H',| ™ Chain
Load caze &

Applied at Islahs ‘,I
leseel of

Applied after azsemblage of

Iwhole shructure - ||

- Diirection

I\-"ertical ;I
Fi |—

—Walue

PR kNm

A linearly distributed load is specified using the
Scheme — Add elements — Add linear load menu
(button o on the toolbar).

In the Add linear load dialog box (Fig. 21), you
need to specify its value (running load!).

Attention! First, make sure that the selected one is
required for the duration of the load!

Fig. 21 — Add Line Load dialog box
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Specifying reliability and duration coefficients

Loads according to DBN V.1.2-2:2006 [4] in the MONOMAKH PC are
recommended to be specified as follows:

« to apply operational values of loads to the calculation scheme;

+ in the dialog box Wind according to DBN, specify the reliability

coefficient according to the operational valuey, =0,21 (so that

operational values of wind loads are applied to the scheme);

» in the Coefficients dialog box, called by the Loads - Load
coefficients command, specify reliability coefficients as the ratio of
coefficients according to the limit value to coefficients according to the

operational value (¥, / ¥ ) of loads.

Thus, operational loads according to DBN correspond to the
normative ones according to SNiP, and the limit loads according to DBN
correspond to the calculated ones according to SNiP.

With this approach, in the design programs of the PC MONOMAKH,
limit loads are used to calculate the strength of reinforcement, and
operational loads are used to calculate the crack resistance of structures.

Recommended values of load coefficients are given in the

Coefficients dialog box (Fig. 22).

Coefficients for load combinations X

Loads/ Dead Live Short-term  "wind Earthquake
Coefficients
Load factor ‘1 1 |1 2 |1 2 |5 |T
Diuration ‘1 |T |1 ‘1 |E1
15t main combination ‘1 |T |T |1 |U
2nd main combination ‘1 |U.95 |U.9 ‘D a |U
3rd sperific combination ‘U 9 |U.3 |U.5 ‘D |1

Safety factor for purpose of
shucture 1

Conversion factor to weights of masses
Dead |1 Live |1 Shartt, |1

Combination for account of nonlinear behaviour of materials in FEA

Dead |1 Live |1 Short+, |1
ak Cancel | Help ‘

Fig. 22 — Coefficients dialog box
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Laboratory Work No. 16
Calculation and adjustment of floors
Purpose and plan of the session

Perform a floor calculation. Perform floor copying. Change the height
of floors. Perform floor adjustments.

Floor calculation

The KOMPONOVKA program provides for the execution of two types
of calculations - preliminary (simplified) and MSE calculation. The purpose
of the preliminary calculation is to identify the structural scheme of the
building, collect loads, check or select cross-sections of structural elements.
The preliminary calculation consists of a series of calculations and is
performed using the Calculation - Calculation of the current floor and
Calculation - Calculation of the entire building menus.

During the calculation, the program performs diagnostics of the
created model, displays the detected errors in a dialog box. If you select a
ribbon in the list of errors, the element that caused the error will be
highlighted in red on the diagram. If several floors have the same
configuration and load, then create one floor, perform its calculation using
the Calculation - Calculation of the current floor menu, and then copy it
to other floors. In this case, both the floor scheme and the calculation
results are automatically copied. This significantly reduces the time for
calculating the building.

So, to check the created scheme, perform the floor calculation using
the Calculation — Current floor calculation menu (button <A on the
toolbar).

The calculation results are shown in Fig. 23.
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Fig. 23 — Results of preliminary calculation of a typical floor in 3D

Copying a floor

To form a spatial-planning scheme along the height of the building,
use the function of copying floors (Floor - Copy floor) with subsequent
adjustment of the scheme on the first (basement) and last (technical) floors.
If the planning scheme of other floors differs significantly from the typical
one, it is advisable to make adjustments on these floors as well.

Copy a typical floor using the menu Floors - Copy floor (button ﬂl
on the toolbar). In the dialog box Copy current floor (Fig. 24), specify the
data from which floor to copy. After that, click on the OK button. Now the
specified model will consist of 13 identical floors

Copy current storey *

from storey N-:u.|2

to storey No. |1 3
Fig. 24 — Copy Over dialog

] 4 I Eann::ell Help | box
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Changing the floor height

To call the desired floor, click on the corresponding selection button

1 I 2 I 3 |<<|}}|on the toolbar.

The floor height can be changed using the Floors — Floor
Properties menu. In the Current Floor Properties dialog box (Fig. 25),
you can change the floor name and set a different height.

Parameters of current storey *

Mame |Basement

Height 2B W

Align glabe [for simulation of eccentricity of zlabs in FEA)

|Alnng midplanes ﬂ

ar | Cahcel Help |

Fig. 25 — Floor Characteristics dialog box

Floor Adjustment

Perform floor adjustments according to your task. For example, on
the first (basement) floor, the load-bearing walls may have different
parameters (thickness, material), may be located slightly differently, etc. On
the last (technical) floor, it is worth removing all partitions and linear loads
from the walls, openings in the slab for the staircase, etc.

Attention! The load on the floor slab will be slightly different than on
the floor slabs (see the load collection tables).

To make adjustments, click on the button with the number of the

desired floor, for example, EI In our case, this is the last floor of the
building. To remove all partitions and line loads from the external walls, use
the menu Scheme — Select elements — Select elements by criteria

(button EI on the toolbar).
In the Select elements by criteria dialog box (Fig. 26), perform the
following actions:

» click on the Dl— Partitions tab;
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» click the ﬂl — Apply button;
click on the m' — Linear loads tab;

select the — Selection action from the list so that the
sequential selection of partitions is not canceled;

» click the ﬂl — Apply button.

VY V

0 @ OI0I7F|F 1212120 4 |=|m|E || r| x| &

Bl |Secti0n, m J T
| No. | Current storey j
|~ Material
1l 1

Hinges with slabs Action [

| [ Bottom Top [# bh []2 | Select and cancel previc = | || |
| ¥ Footing iz specified [
[+ Can be supported by slab [ Generate PRB /]

Fig. 26 — Select elements by criteria dialog box

Close the Select Elements by Criteria dialog box. Delete the
selected elements using the Diagram — Delete Elements menu (button

il on the toolbar).

To delete holes, load stamps, or other elements on the floor, use the

Diagram — Element Selection — Select Elements menu (button s on
the toolbar). After activating this mode, select these elements on the
diagram and delete them using the Diagram — Delete Elements menu

(button il on the toolbar).

If you need to change the load on the slab, use the menu Scheme —

Adjustment — Element Properties (button on the toolbar).

To copy and move elements, use the menu Scheme — Adjustment

i

— Copy and Move (button on the toolbar) — Fig. 27.
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Copy and move

| me ez

b ove

[ Specify bao nodes
| Delete az copied

£ U] 2|

x

Copy and move

L EHE 1 42

Copy to other storeys

From starey Mo, |12
ko starey Mo, 13

| Delete as copied

e e

Fig. 27 — Copy and Move dialog box

Laboratory Work No. 17
Modeling of Foundation Slabs
Purpose and plan of the session

To model foundation slabs, view the 3D model of the building, and
adjust the design scheme.

Modeling Foundation Slabs

Make the first floor active by clicking on the floor selection buttons =

and LI on the toolbar.

Set the parameters and contour of the foundation slab using the

- 2|
menu Scheme - Add elements - Add foundation slab (button on the
toolbar)
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Add mat foundation X In the Add foundation slab dialog box (Fig.
ae| we| 28), set the following parameters:

> overhang — 0.5 m;

shitt > material — select the one intended
do |05 m for the foundation slab from the list of
Material materials;
|7. R/C Mat foundations v | > slab  thickness b (minimum
Thickness recommended thickness — 0.6 m);
b [0B m [ F > load on the slab (constant, short-

. term, quasi-constant).
Bedding
| Matural bed [specified stif > | Define the contour of the foundation slab -

consistently indicate the intersection points of the
o |71351,35 kA3 axes on the diagram according to the building

plan.
C2 196136 kM/m

Loads
& 142 wwmz |t Fig. 28 — Add Base Slab dialog box

Applied after aszemblage

of
whale stucture » l_
i 085 kN/m2 Viewing the 3D view of the model

fieg 115 kN2

View the 3D view of the created model (Fig.

29) using the View menu - 3D View - Entire Building (button él on the
toolbar).
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Fig. 29 — Three-dimensional image of the designed building
(perspective)

» Switch the axonometric image to perspective using the View

— Projection — Perspective menu (button il on the
toolbar).

» Move the model image down by pressing the PageUp key
several times.

» Zoom out by pressing the v key several times.

» Rotate the model image around its vertical axis by pressing

the il or il buttons on the toolbar.

» Return to the main view using the View — Main View menu

(button E:El on the toolbar).
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Laboratory Work No. 18

Performing calculations of the entire building.
Creating a calculation note and exporting to design programs

Purpose and plan of the session

Perform a preliminary calculation of the entire building. Display the
specified loads and the results of the floor calculation. Perform the final
calculation using the finite element method (FEM calculation).

Generate and prepare for printing a calculation explanatory note
based on the FEM calculation results. Export data to the design programs
of the MONOMAKH-SAPR PC.

Calculation of the entire building

Perform a preliminary calculation of the entire building using the
Calculation — Calculation of the entire building menu (button ﬁl
toolbar).

on the

You can view the calculation results in a three-dimensional image

(Fig. 33) using the View — 3D View — Entire building menu (button él on
the toolbar). Enable the display of the specified loads and calculation results
using the View — Display menu. In the Display dialog box, perform the
following actions:

» on the active tab rﬁ' — Elements, check the box for the
Load option;

click on the tab Hﬁl_ Load results;

>
» check the box for the Floor calculation results option;

» click the button ﬂl — Apply.

This can be done by clicking the EI— Loads and + — Floor

calculation results buttons (Visualization toolbar), and then the il —
Redraw button.
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62.99 160.668 178.146 161.243 62.699

Fig. 33 — Three-dimensional image of the designed building with the
results of the preliminary calculation

You can return to the main view using the View — Main view menu

(button El on the toolbar).

You can view the calculation results of each floor by clicking on the

floor selection buttons IT

The calculation results are saved using the File — Save menu.

The calculation and explanatory note is generated based on the
results of the preliminary calculation of the entire building using the Results
— Calculation Note — Calculation Note (rtf file) menu. In the Calculation
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Note dialog box, select the elements of the diagram whose calculation data
you want to view or print.

FEM calculation

FEM calculation (by finite element method) is mandatory, and the
final results are accepted according to it. The calculation is performed using

the Calculation — FEM calculation menu (button e on the toolbar). To
do this, a finite element scheme is automatically generated taking into
account the specified parameters in the FEM calculation dialog box (Fig.
34). For the upper floors of a multi-storey building, the triangulation step of
slabs and walls is taken as enlarged (3 m each), and for the lower three
floors, where greater calculation accuracy is required, it is 1.5 m each. To
do this, in the FEM calculation dialog box, using the Set unique floors
button, the dialog box of the same name is called (Fig. 35).

The calculation task is started by clicking the button 0K in the
MSE calculation dialog box (Fig. 34).

The calculation processor window will display the calculation scheme,
the main characteristics of the scheme, and the calculation protocol during
the calculation.

After calculating the MSE, the expert system checks the sections of
reinforced concrete elements for the forces obtained. The detected
violations are displayed in a dialog box (this concerns the reinforcement of
sections).

The results of the MSE calculation are viewed using the View menu
— MSE calculation results (Fig. 36). The deformed scheme is displayed
on the screen using the Results menu — Deformed scheme.
Displacements are analyzed using the Results menu — Displacement
isofields, stresses — using the Results menu — Stress and force
isofields. To view information about a specific element or node of the
scheme, use the Results menu — Information about element or node

(button 1 on the toolbar), point to the element or node and get the

necessary information.
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Finite elernent analysis X

Triangulation step

slahs m ¥ 4-node FE method |1 -
= s
walls m ¥ 4-node FE methad |1 =

RRR

m v 4-node FE methad |1 :"

Specify unique storeys... (Mot defined) |

[ mat foundations

Separate into super-elements Diptamics
I slabs and beams Murmber of made
[ walls

[ Generate PRE of columne and walls that have such property
Stiffress of bedding in shear

' Restain along =7 1

™ Define stiffness 100 tfm2

[ Account azzemblage stages with alignment of floar slab lewvels
3 |
Increase stiffness of zoil in certain load cazes [dual analpsiz)

™ Earthquake [ Wwind I 1 I~ 1 B

I~ Monlinear behaviour of concrete and reinfarcement for:

v whole structure |
v |whole shctune J |
=

Allowable emors

Displacement of wall FE from plane of wall |0.001 m
Dizplacement of column FE from vertical column axis |0.001 m
Use FEA results

rezults of earthquake analwsiz | COC hd

[+ Caolumnz [analysiz of reinforcement + expart) [ wiallz [analysis of reinforcement]
[v Beams [analysiz of reinforcement + expart) [W Sectional elevations [export]
W bat foundations [expart] W Slabs [export)

v Footings [determn. dimensions + analysis of reinforcenment + expart]
Analysiz of reinforcement will be performed immediately after FEA
To export data to other MONOMAKH-5APR modules, use the Expoart cammand.

QK | Cancel | Help |

Fig. 34 — MFE Calculation dialog box
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Unigque storeys of design model X

Triangulation step

forslabs 1.5 m ¥ 4nodsFE method (1 = L
m
for wallz 1.5 m ¥ 4-node FE method |1 = [

Storeys [1-3 Add Delete | Dielete &l |

Storey | Slabs,step | Slabs,FE | Slabs, methad | Walls, step | walls, FE | Walls, methad |
1 1.5 4-nade FE 1 15 4-nade FE 1
2 1.8 4-nade FE 1 15 4-nade FE 1
3 1.8 4-nade FE 1 15 4-nade FE 1
Ok ‘ Cancel | Help |

Fig. 35 — Unique floors of the calculation scheme dialog box

&2 435 251 28 75 = =Xy 53 100 200 £
i mo My, (kH"wym nocToR

¢
HHARIRIAINIRIRY

|~
) e . PR A
Fig. 36 — Results of MFE calculation
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Formation of an explanatory note

A calculation note based on the results of the MSE calculation is
formed using the Results menu — Calculation note — Calculation note
(rtf file).

In the Calculation note of the results of the MSE calculation
dialog box, in the Output data field, select the options: building
characteristics, materials, load coefficients. In the Material consumption
field, select the options: by floors and total.

In the Calculation results field, specify which elements' calculation
results should be printed (for a multi-story building, these may be the most
loaded elements of floors 1-3), otherwise the explanatory note will be very
voluminous.

PospaxyHkoea 3anncka pesynetatie MCE pospaxytiy ¥
Buxiani navi PezyabTaTH posparyHrky
¥ X apaKkTepHcTURM Budisi [V CymapHi BEpTUKANBH HABEHT atEHHR
¥ Marepianu r
[ Nepexocu noseptie
¥ F.oecilieHTi HaBaHT axeHs
Moeepsd [N
[# Ceficrika i smep
= 1(1-28)
= 1[1-8]
V¥ Pyma.nauTH 101]
BuTpatu Marepianie I=
¥ EBcworo ¥ MNani 1(1-36]
v KonoHu 1-1201-28) +rinka
[ Mo noseprax il Berw TEETET
112 .
v CTiHu 1-1201-8) +rinka
¥ Busoguin sasaHtamerta [
Foprad | KorGSHAWI CEACHIKW
o~
114 | Biariina 5 ’1_ %
o
I K

Fig. 37 — Dialog box Calculation note of MFE calculation results

The explanatory note is created. To save it, execute the Save As
command. By default, the file will be saved in the Notes directory of the
MONOMAKH PC.

Export to design programs of the MONOMAKH PC

Export the results of the MFE calculation to the MONOMAKH PC
design programs using the Results menu — Export to the MONOMAKH-
SAPR PC design program (button on the toolbar). A directory with the name
of your task will be created on the disk in the Port directory of the
MONOMAKH PC. Files with data on the structural elements of the building
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will be placed in this directory (Fig. 38).

Excnoprt 8 nporpamu kounctp. MK MOHOMAX-CANP s

1 W Konowa

K KONOHH EKCMOPTYBATH CTIHW AOBKMHOW (= 3 M
Hatar arucA off 5aHaTH & 0aHY KOA0HW[CTIHK] Ha OHIF BEpTHKAN, KOTpi He
POSCIKAITECA NEPEKOHTT M

W Banku

v M W ExenTu CE cxery, akwo kpok TRMaryaai <= (05
M Pyrnarerry

W Pyna.navmi ™ ExenTu CE cxery, Akwe kpok TRMaHruaaui <= (05
W Pyna danku

W Pospian v ExcnTu CE cxery, Akwo kpok TRMaHryaai <= (05
