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Task 1 — Frame structure

In Task 1, frame structure will be designed.
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Task 1 — Assignment

Scheme of the stucture:
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Individual parameters (parameters in bold you can find on teacher‘s website):

Geometrv: R. a [m] — horizontal dimensions. / [m] — floor height. #» — number of floors
Materials: Concrete — concrete class

Steel B 500 B (fix = 500 MPa)
Loads: Other permanent load of typical floor (g-go)acer [KN/m?]

Other permanent load of the roof (g-go)reetx [KN/m?]
Live load of typical floor gaeer.x [KN/m?]
Live load of the 100f oot = 0.75 KN/m?
Self-weight of the slab according to calculated depth

Another parameters: S — Exposure class related to environmental conditions
Z — Working life of the structure




Task 1 — Assignment goals

Our goal will be to:

* Design the dimensions of all elements.

* Do detailed calculation of 2D frame — calculation of bending moments, shear and
normal forces using FEM software.
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Calculation of internal forces in 2D frame
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Calculation of internal forces in 2D frame

In this part of the task, we will calculate internal forces in the frame structure (2D
transverse section of the building).

We will use the IdeaStatica software for the calculation of internal forces .
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Calculation of internal forces in 2D frame

This part consists of the following steps:
* calculate beam loading,
 download and install IdeaStatica 21.0,

* model the frame, calculate internal forces, and create a report in IdeaFrame
module.
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Calculation of internal forces in 2D frame
Beam loading
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Beam loading

First, we must determine the loads acting on the beams, which we will later input into
|dea software.

Manually calculate 4 values of linear loads per 1 meter of the beam (in kN/m):
* Characteristic permanent load in typical floor gy ¢,

* Characteristic permanent load on the roof g ..,

* Characteristic variable load in typical floor gy ¢,

* Characteristic variable load on the roof gy,

[ | H' || I ] | || ]

n H 1 . {
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Beam loading

Floor slab load
Load type Load name h p Pol fe ' fq
= = mm kg/m’ kg/m? kN/m? - kN/m?
- slab self weight 190 2500 475 4.75 6.41
g T |other permanent load from assignment 0.50| 1.35 0.68
z 5.25 7.09
w — |variable from assignment 3 4.50
=g 1.5
= b3 3 4.50
Sum fi = 8.25 fa= 11.59
Roof slab load
Load type Load name h p fi Y fy
= = mm kg/m® kg/m> | kN/m? - kN/m?
B slab self weight 190 2500 475 4.75 6.41
‘,:_f' T |other permanent load from assignment 2.00] 1.35 2.70
wv
2 6.75 9:11
= _ |variable from assignment 0:75 113
Qg 1.5
& p2 0.75 1.13
sum fi = 7.50 fa= 10.24

Floor beam load
Load type Load name tributing width flink v fiin,d
= < kN/m? m kN/m - kN/m
- slab dead load 5.25 6.5 34.13 46.07
E T |beam self weight calculated automatically by Idea 0.00] 1.35 0.00
p2 46.07
w — |slab live load 3 6.5 19.50 29.25
=g 15
- % 29.25
SuMm fi=  53.63 fa= 7532
Slab span:R=6.5m
Roof beam load
Load type Load name fax tributing width flink v fiin,a
- - kN/m? m kN/m 2 kN/m
- slab dead load 6.75 6.5 43.88 59.23
g T |beam self weight calculated automatically by Idea 0.00[ 1.35 0.00
z 59.23
w — |slab live load 0.75 6.5 4.88 7:3%
>3g 15
n z 7.31
Sum fi= 4875 fa=  66.54

8 betond4life

Slab span:R=6.5m
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Calculation of internal forces in 2D frame
Download and install of IdeaStatica 21.0
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Download and install of IdeaStatica 21.0

First, apply for the student license of IdeaStatica. When applying, use your school
student email (e.g., “name.surname@estp.fr”).

IOB8 StatiCa®

INDIVIDUAL EDUCATIONAL
LICENSE

ftuti ompanies. Just fill in the form below and

Wait (up to 3 days) until you receive an activation email with your login credentials.
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https://www.ideastatica.com/educational-license

Download and install of IdeaStatica 21.0

For our task, we will use the IdeaFrame module. This module is available only in
IdeaStatica 21.0 so we will download and install this version. Do NOT download any
other version as they do not have the IdeaFrame module!

Installation setups, 3rd party plugins, licensing

CURRENT VERSION

PREVIOUS VERSIONS

O betondlife — — 14




Download and install of IdeaStatica 21.0

After installing IdeaStatica 21.0., run the software and log in using your credentials
from the activation email.

StatiCa“

Calcuiate yesterday's estimates

» Windows (C Program Files DEA Stat:Ca Stat:iCa 210

1deadSAP2000v21x64
=] ideadStaadPro

IdeadTekia2 10

Sign In

User name

Jjakub.holan@cvut.cz

IdeadTekia2017

Password = IdeadTekla2017i

esessscssssssssese IdesdTekia2018
=] IdeadTekla2018i

;4:': :::',»\ﬂ:i' IdeadTekia2018Partner
IdeadTekla2019

Fle«tlu [T 1deadTekta201%

] IdeadTekia2020

IdeadTekia2021
[ 1deadTeklalog
Remember me I idesBesm
Keep me signed in IdeaBeam.exe.config

[B] IDEABeamProjectManager
IDEABeamSystemsPlugin_x64.dil

B3 1deaCodeCheck
IdeaCodeCheck.exe.config

Y 1deaColumn

IdeaColumn.exe.config

£A StatiCa Support center
IDEA StatiCa Support cent

B2 1deaConnection
IdeaConnection.exe.config
[B] IDEAConnectionCodecheckManager

And also check, whether the IdeaFrame module is installed. | Sz

IdeaCorbel.exe.config

[ 1deacss
IdeaCSS.exe.config
IdeaCssAddOn_x64.dII

[ 1DEADetait
IDEADetail.exe.config

(1] IdeaFrame 17.092021 1
IdeaFrame.exe.config

(&) IdeaMember 2 kace 2k
IdeaMember.exe.config 1 bor CONFIG

¥ 1dearCs 1 Aplikace KE

8 betond4life e Tamen L o el )5

IdeaRCS.exe.config




Calculation of internal forces in 2D frame
Modelling of the frame in IdeafFrame module
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Initialization of the program

Run the program and fill in the login details from activation e-mail.

StatiCa“

Calculate yesterday's estmates

Sign In

User name

Jjakub.holan@cvut.cz

@ betondlife
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Initialization of IdeaFrame

ldeaFrame module is NOT accessible from main window.

-

Q
Q
e
3
m
m
3

a/8/9,

@ Concrete & Prestressps) made simple

RCs We solved complexity g# design code for you.
Design of members _#foss-sections and details of

Q reinforced and j#festressed concrete structures.

‘ Details
u'l‘ ="
Il |
| |
¥ —
"
r‘ Open !
i exi g project
- port
rom other program
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Initialization of IdeaFrame

You have to locate IdeaStatica folder in your computer and run the IdeaFrame.exe file
directly.

n | Spravovat StatiCa 20.0 = O
Soubor Domi Sdileni Zobrazeni Nastroje aplikace
l—‘ [Tl Podokno nahledu & Nejvétsi ikony : Velké ikony l . ~ [ Zaskrtavaci policka polozek 2 : "1
— <& Stfedniikony it Malé ikony  ~ = [0~ [ pripony nazvii soubord : e
Navigacni T8 podokno podrobnosti = 7 = Radit ., ) . Skryt vybrané  MozZnosti
podokno ¥ 5 Seznam S LR podle ~ [J skryté polozky polozky v
Podokna RozloZeni Aktualni zobrazen{ Zobrazit ¢i skryt
« v 1 « data (C) > Program Files > IDEA StatiCa > StatiCa 20.0 > v/  Prohledat: StatiCa 20.0
Nazev Datum zmény Typ Velikost
»# Rychly piistup e % = = v
[EJ 1deaCorbel 06.08.2020 1:19 Aplikace 387 kB
I Plocha * %
|| IdeaCorbel.exe.config 06.08.2020 1:09 Soubor CONFIG 2kB
& Stazené soub # . 2 :
m IdeaCSS 06.08.2020 1:19 Aplikace 384 kB
=) * .
& Dokumenty ] IdeaCSS.exe.config 06.08.2020 1:09 Soubor CONFIG 3kB
&= Obrazky ~ # | IdeaCssAddOn_x64.dll 06.08.2020 1:06 Rozsifen aplikace 69 kB
» cwrt * (3 1DEADetail 06.08.2020 1:20 Aplikace 394 kB
ATENA Examj # | IDEADetail.exe.config 06.08.2020 1:11 Soubor CONFIG 3kB
. [m IdeaFrame 06.08.2020 1:20 Aplikace 385 kB
OneDrive ) -
|_| IdeaFrame.exe.config 06.08.2020 1:06 Soubor CONFIG 3kB
= Tento poditaé = _| idealog.config 01.11.2011 9:40 Soubor CONFIG 2kB
- 3D objekty IdeaRCS 06.08.2020 1:20 Aplikace 616 kB
| Dokumenty |_] IdeaRCS.exe.config 06.08.2020 1:09 Soubor CONFIG 9kB
3| 6.08.2020 1:2 zSireni aplikace 5 B
) Hudba el IdeaRS.AdvanceSteel.dll 06.08.2020 1:20 Roz3itenf aplikace 519k
— . [2] IdeaRS.AdvanceSteel2017.dlI 06.08.2020 1:20 Roz3iten( aplikace 520 kB
&= Obrazky )
*| ldeaRS.AdvanceSteel2018.dll 06.08.2020 1:20 Rozsifenf aplikace 622 kB
I Plocha ) X ) i
IdeaRS.AnalvsisModelConnectionPresent...  06.08.2020 1:09 Ro7ziifeni anlikace 11 kR
Pocet polozek: 516 Pocet vybranych polozek: 1; 384 kB
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New project

Create new project.

StatiCa® FRAME
_- x Mew .
Open )

File
| mi |
| Project || Data |
Mavigator * | Main
4 Project
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Project data

Use Navigator menu to enter Project data properties:

Change Project data as follows:

@ betondlife

| Data

Project data

| 4 Frame parameters

Design code
Mational annex
EM1992-2

Type of bridge
Type of material

Prestressing

Description
Date

Flexible supports
Bridge load rating &
| 4 [dentification
Marme | CMO1-Frame |
Murnber |Ul |
Author | Petr Bily |
Hnmewnrkl

11.6.2019

Mavigator * Q

4 Project
Project Data

Cross-Sections

4 Geometry

Modes

4 Loads
Load Cases
Modal Loads
Foint Forces
Paoint Moments
Uniform Loads
Line Loads
User-Defined Forces
Combinations

4 Results

4 Report

21



Save

Save and name your project.
Save your project regularly to avoid losing unsaved data!

StatiCa® FRAME
=) New S g Dimensions ||
Open | - Local.axes | | H

File . Calculate
o Save
| Project | Data | | View sett
Navigator + o | Main
4 Project

Project Data

Cross-Sections

8 betond4life



Cross-sections

Go to: Navigator — Project — Cross-Sections.
Enter cross-sections of your beam and column as designed in homework HW1 (name,
dimensions, material).

Data
Cross-Sections Y i
Full name Param z i
i S |
[
[
|
i
|
> c i
y i
8 -l----- | EE —Y
© |
|
-k :
i L b | |
g |
i i
I ‘\h :
z |, 300 |,
1 7
Y Y=100 Z=-236
ok || cancel |
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Creating the frame

Go to: Navigator — Geometry — Nodes.
Use Grid block to create the frame.

o

" Redo || Calculate |

||| Dimensions ll ¥ Node numbers.
I i Local axes l:l } Membernumbers| [ Text

| H 1 Sha;')e

View settings

Set dimensions and number of spans/floors
(divide the numbers simply by spacebar).

Select cross-sections of columns and beames.

@ betondlife

4  Geocmetry
Spans [m] oe
Floars [m] 333333

4  Members

Facade columns
Inner columns

Roof beams

(SIS S S

Floor beams

4  Cross-sechion

Facade columns - Column (R...

Inner columns - Column (R...

Roof beams - Beam (Rec...

Floor beams - Beam (Rec...

Position

X [m] | 0,00 |
Z [m] | 0,00 |

Rotation [°]

00
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Creating the frame

Display Shapes to check whether you entered the cross-sections correctly.
ST - I |

Display Node numbers and Member numbers. | & " "
Navigator _— m

Project Data

Cross- Sections 19 1 n 20 2 M 21
Materials [I] Y [I] u [I]
4 Geometry 1
= &
Mod
Members 16 1 A 17 12~ 18
LT ]
Haunches
4 Loads Ej £l |
Load Cases B
MNodal Loads 13 mn 14 10 M 15
(8] ]
Paint Forces
n 1 | [}

in
E nCc oo Cco®m

w 3 5 g
i 5 A 3 3

]
m

1Y
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Supports

We must also define the supports of the frame (rigid supports in column bases).

In Data window, check all nodal supports for the nodes in column bases.

Data

Node:

Mode T X[m]

%) [%] %] %]
m
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We must consider 4 load cases:

e LC1: Full permanent load,
e LC2: Full variable load,
e LC3: Checkerboard variable load.
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LC1 Full permanent load

Load cases
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LC2: Full variable load LC3: Checkerboard variable load
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Load cases

Go to: Navigator — Loads — Load cases.
Create the 3 load cases and adjust Load Group
and Type as follows:

Data

Load cases l Perrnanent load groups ] Variable load grnups]

Load Cases |'-r' || Copy selected || Delete selected |

Name T | Load Group Type

SW LG1 - Permanent - Permanent
[ | LC1 Permanent LG1 - Permanent - Permanent
| L2 Varisble ful LG2 - Standard . Variable
"> | LC3 Variable checkerboard LG2 - Standard . Variable
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Inputting loads

Go to: Navigator — Loads — Uniform loads.

1) Select LC1.

2) Enter new load.

3) Enter member number.

4) Enter load value (with ,minus®).
5) Select vertical direction (Z).

6) Repeat for other members.

Repeat for LC2 and LC3.

@ betondlife

Data

Uniform Loads Ii o il

Load Case [LCl Permanent vi

Membe T | Value [kN/m] T | Direction Angle [°] T | Location

3 -32.0 GlebalZ—~| 0,0 Length
Length

El -32,0 GlebalZ = | 0,0

Length
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Load combinations

Go to: Navigator — Loads — Combinations.

Create 2 load combinations and set them to “Linear”:
e CO1 Full (SW + LC1 + LC2),

* CO2 Checkerboard (SW + LC1 + LC3).

Data

User defined combinations Delete all

Name T | Type Evaluation Description

|L|-LS Funda... *| Linear - 1.35%5W + 1,35*LC1 Permanent + 1,50%LC2 Variable full
|L|'LS Funda... *| Linear - 1.35*5W + 1 35*LC1 Permanent + 1,50*LC3 Vanable checkerboard

O betondlife
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Load combinations

Edit the combinations.

Data
User defined combinations Delete all
Evaluation Description
cot \ULS Funda... = |Linear - B2 8] 135°5w + 1,35°LC1 Permanent + 1,50°LC2 Variable full
> | coz \ULS Funda... = |Linear - 07N 5%| 1,35°5W + 1,35°LC1 Permanent + 1,50°LC3 Variable checkerboard
— —

¢ Combination Properties

4 AllULS Combinations Name [coz |
COL

1) Select the combination. ————
2) Add/remove load cases to the
combination. e
3) Adjust the coefficients (1.35 for
permanent loads, 1.5 for variable

loads)

4 |oad groups
4 |Gl
SW
LC1 Permanent
4 G2
LC2 Variabkle full
LC3 Variable checkerboard
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Calculate the internal forces.

StatiCa”

Calculate

Calculation

FRAME

Dimensions | 'T‘Nodenumhers |

! ; I |- Local axes | i Memhernumhers|

I_I Mothing

[T Text

View settings

F'} Shape |

| | Css drawing

— ¥ Undo

- Open

File ~

Save
| Project || Data
Mavigator * | Main
4 Project
Project Data

8 betond4life
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Results — settings

Go to: Navigator — Results — Internal forces.
1) Turn off all labels except Member numbers.
2) Adjust the result scale.

3) Display extreme values on members.

StatiCa® FRAME Frame.ideaFrame

DID New ||| Dimensions | “y* Node numbers Il_l Nothingl All ULS Fundamental ~

File

Vz |y

Cross-section

pen || R L
k= save e { ] Shape

| |
Internal Forces 1 l Selection

"‘ VI‘ "Yz (! Single select No
es | } Member numbers' [ Text 2,00 [%I aN 3 « i (Nl Member Global
|

Extreme

Transformation

‘ Project { Data \ View settings H Css drawing | Results

O betondlife

33



Results

1) Select load combination to display — CO1, CO2 or All ULS (“envelope” of CO1 and
Cc02)".
2) Select internal force to display.

StatiCa® FRAME Frame.ideaFrame B DL oaxIwErFAE

!IDI gew [!! Dimensions " Node numbers ﬂ Nothing | All ULS Fundamental ~
pen cale

ﬂ Single select No Cross-section

¥ Undo

- S|l Local axes | } Member numbers‘\ [ Text 2,00 [ 1 7l | Memberl Global Gentriadal| Desion
H Save H {7} Shape ‘ \ :
Project Data View settings Css,drawingl Results Selection l Extreme | Transformation

-----

48

4
E
© ]
= i3 . ; ;
g = 15
12059\ | 13051 | 1217 13320) | 1229 117.42
2] Sooised o100 85 O 189 19[S 18130 S 47482 |\ 147 49
7 2181 199 ¢ - 18130 |57 174, 7147,
ﬁ ~
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Envelope

What is an “envelope” of an internal force?

co1 co2

i} \.//u\\/ﬂ NGRS
CO1+C02 Mﬁ\ ,ﬂ

Symmetry

(if considered)

q
¢

Envelope

:

8 betond4life
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Report

Go to: Navigator — Report — Detailed.

In the menu on the right, select the following: [ wedeteranaresus

Project data
Geometry
Draw picture

Then refresh the report and export the report. | i

Draw picture
Load combinations

' .. - = Stat:ICa *  FRAME Design groups and Design member
= New L R = HE! Results
10y |- ¥ Undo /] =) LJ = ) Global Extreme
- Open - S @ Member Extreme
File ™~ Re efresh I Preview DOC PDF "
kel Save ) Cross-section Extrerne
i Project | Data | Report view All load cases
| All combinations

Envelope

Internal forces
Draw picture
Deformations
[E] Draw picture

] Reactions

Draw picture
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Report

Print the report.

In the printed report, manually add the values of the bending moments to the
schemes of the bottom floor beam for all combinations (you will find the values in the
tables):

Ao /, ‘%\ o ) . .
\zf/f ro The report will not be accepted without this

manual amendment!

All combinations, My [kNm], Centroidal forces

Internal forces, Member Extreme, Centroidal forces

Z Position N V. [ M.
- VMember t%ombl - ’ T ml l IkN] (kN] | [kN:n]
1 | CO1Full(1) [ 0.00 -60.2 1268 |  -87.9 |
1 | CO2 Checkedboard(2) 0.00 | 534 91.2 -69.4
1 | CO1Full(1) | 6.00 | -60.2 -1325 | -105.0 |
1 | CO1Fuli(1) | 3.00 | -60.2 -2.9 98.0
2 | CO1Full(1) | 0.00 | -60.2 1325 -105.0
2 | CO2 Checkedboard(2) | 0.00 | -44.4 132.9 -95.3 |
2 | CO1Full(1) | 6.00 | 602 |  -126.8 879 |
2 | CO2 Checkedboard(2) | 3.00 | 444 | 33 109.1
~[3)| CO2 Checkedboard(2) B 0.00) | 12.4 2389 14533
| Cco1 Full(1) | 0.00} | 27.9 232.0 -147.
| CO1Full(1) { 6.00}| 27.9 -282.0 | -297.
| CO2 Checkedboard(2) | ag/ | 12.4 181 L
. [4)| CO1Full(1) | [0.00)] 27.9 2820 | [-297.1\}
—1'4]| cO2 Checkedboard(2) [ 0.00f[ 313 | 1654 |  |-210.0]f
4[| cotFull(1) | 6.00/| 27.9 | -232.0
4J| CO1Full(1) | 3.00/ | 27.9 25,0 | .5/
5 | CO1 Full(1) .00 | 1.3 2405 | -173.8 |

O betondlife 37



Video

The whole process of modelling in IdeaFrame is shown in this video.

8 betond4life

38


https://www.youtube.com/watch?v=MWyEmcgVVvs&ab_channel=beton4life
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Next week
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Next week

Next week

Next week we will focus on design and assessment of reinforcement of the beam.

8 betond4life 40



thank you for your attention
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Recognitions

Recognitions

| thank Assoc. Prof. Petr Bily for his original seminar presentation and other supporting
materials from which this presentation was created.
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