1st task:
Frame Structure
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Detailed calculation of 2D frame

e Calculation of loads

e Modelling 2D frame in Finite Element Method
(FEM) software

e Calculation of bending moments, shear and
normal forces in the bottom floor of the frame

e Calculation using Idea Statica will be
described, but you can use any software you
want (Scia, Dlubal, RIBTec...) — calculation steps
will be the same

e You can also use manual calculation (slope
deflection method or force method) that you
know from structural mechanics subjects




1. Installation of the program

e (GO tO https://www.ideastatica.com/educational-license/

e Fill in the information. Use your institutional
(NOT personal) e-malil

o Wait until you receive an activation code (by e-
mail, may take up to 3 days)

IOBE&a StatiCa®

INDIVIDUAL EDUCATIONAL
LICENSE

turti companies. Just fill in the form below and




1. Installation of the program

e (GO tO https://www.ideastatica.com/product-downloads
e Download IdeaStatica version 21.0

e Do NOT download the version 22 or 21.1 — it
does not containt the module for calculation of

frames that we need
o Install IdeaStatica 21.0 to your computer

PREVIOUS VERSIONS

IDEA STATICA 21.1.6.05941 IDEA STATICA 21.0.4.0858
Released May 5, 2022 Released September 20, 2021

L, DOWNLOAD L,

—_




1. Installation of the program

e Run the program
e Fill in the login details from activation e-mail

StatiCa’

Calculate yesterday's estimates

User nam e
petr.bily@fsv.cvut.cz




2. Opening the program

e Frame 2D module is NOT accessible from main
program window

|
Sta ti Ca S Calculate yesterday’s estimates a a

CONCRETE Support center

Concrete & Prestressing made simple
We solved complexity of design code for you.
Design of members, cross-sections and detalls of
reinforced and prestressed concrete structures.

Precast concrete . .

Column

r—' Open
f | existing project

- Import
from other program

Want to get certified? Keep in touch at | f >



2. Opening the program

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

Spravovat StatiCa 20.0
Sdilend Zobrazeni Nastroje aplikace Q
[I T Podokno nahledu BT Mejvétsi ikony : velké ikony l [ ']' [] zazkrtavaci policka polozek
) s Stiedni ikony [z Malé ikany - ag - [ péipony nazvii soubori ; b
Mavigacni P T— ] = Radit Skryt wybrané  MoZnosti
podokno * 8 Podokno podrobnosti  E: seznam i podle ~ = [ Skryté polozky poloZky =
Podokna RozloZenr Aktualni zobrazeni Zobrazit ¢i sknjt
&« v « data (C) > Program Files > IDEA StatiCa > S5tatiCa 200 > v O | Prohledat: StatiCa 20.0 P
- MNazev Datum zmény Typ Velikost ~
3F Rychly piistup — 2 2
[E IdeaCorbel 06.08.2020 1:19 Aplikace 387 kB
I Plocha .
| | IdeaCorbel.exe.config 06.08.2020 1:.09 Soubor CONFIG 2 kB
¥ Stazené soub = _
) m IdeaCsSs 06.08.2020 1:19 Aplikace 384 kB
&l Dokumenty [] IdeaCss.exe.config 06.08.2020 1:09 Soubor CONFIG 3kB
&=| Obrazky [] IdeaCssAddOn_x64.dll 06.08.2020 1:06 Rozéffenl aplikace 69 kB
» vt (3 iDEADetail 06.08.2020 1:20 Aplikace 394 kB
ATENA Examj » ;
OneDrive
@ Tento potitac [l idealog.config 01.11.2011 9:40 Soubor CONFIG 2 kB
_J 3D objekty IdeaRCS 06.08.2020 1:20 Aplikace 616 kB
Iﬁ Dokumenty |J IdeaRCS.exe.config 06.08.2020 1:.09 Soubor CONFIG 9 kB
D Hudba d IdeaRS.AdvanceSteel.dll 06.08.2020 1:20 Roziifeni aplikace 519 kB
_— . || IdeaRS.AdvanceSteel2017.dll 06.08.2020 1:20 Rozsifeni aplikace 520 kB
= Obrazky .
B Ploch || IdeaRS.AdvanceSteel2018.dll 06.08.2020 1:20 Rozsifeni aplikace 622 kB
ocha ]
v [l ldeaRS.AnalvsisModelCannectionPresent.. 06082020 1:09 Roraifeni anlikace 11 kR b
Pocet polozek: 516 Pocet vybranych poloZek: 1; 384 kB =




2. Opening the program
e Create new project
E=

File

| Project || Data |

Mavigator * | Main

4 Project




3. Project data

e Use Navigator menu to enter the structure
e Change Project data as follows:

MNavigator * Q

Data
Project data

4 Project

Project Data

Cross-Sedions 4 Frame parameters
Design code
4 Geometry
Modes Mational annex
EM 1992-2
Type of bridge
4 Loads
Load Cases Type of material
Modal Loads Prestreszing
Foint Forces Flexible supports

Faint Maoments

Bridge load rating O
Uniform Loads
Line Loads 4  [dentification
User-Defined Forces Marme | CMO1-Frame |
Combinations
Mumber | 01 |
4 Results
Author | Petr Bily |
mevor
Date 11.6.2019

4 Report




3. Project data

e Save and name your project

e Save your project regularly to avoid losing
unsaved data!!!

StatiCa® FRAME
A nado




4. Cross-sections

e Enter cross-sections of your beam and column
(name, dimensions, material)

Data

Cross-Sections J|¢

————— [ ———

500
|




5. Creating the frame

e Go to Geometry > Nodes, use Grid to create the

fra me =] Mew Q [Il Dirmensions | " Mode numbers | ||_| Nuthing| m E
. Open e Unde | Lo Local axes | | ﬂ Mernber nur‘nbers| rrlTr;xt ) —
File . Calculate Grid @Portal From
ve [ ] Shape DXF
Project || Data || || Wiew settings || Css drawing Blocks |
4 Geometry e o P
Spans [m] 66 :
e 22222} | e Set dimensions i !
4  Members _:
Facade columns a nd nu m ber Of | .\ * *
Inner columns ( - _
floors (divide the -
numbers simply £ 1 ¢
4  (Cross-section =
Facade columns - Columin (R... by Spaceba r) Al 4 )|
Inner columns - Column (R... S I t -
Roof beams - B=am (Rec... ® e eC Cross- :
Floor beams - Beam (Rec... Sect|ons — _..\ . *
4  Position . =
o o | different for N |
Zim) (000 ' beam/column L, e, ew
Rotation [ 0,0 | g




5. Creating the frame

e Display shapes to check whether you entered the
cross sections correctly

e Display node and member numbers

A | B New |1l Dimen “F Node numbers j
@ i ¥ Undo . ﬁ =
F'I 5 Open . Local n Member number: ——

ile

~ Calculate id Portal From
= save DXF
I Project || Data || || Wiew settings
Navigator * 1 ||Main |
4 Project bl
“w
Project Data
Cross-Sections 19 4 o 20 5 = 21
Materials = [I] L [L
4 Geometry | 1
Modes ;
Members 16 1 A 17 12 18
L LI
Haunches
4 Loads __LJ []
Load Cases -
Modal Loads 13 10 15
U
Point Forces |
Point Moments [ :_'_I.:'
Uniform Loads
Line Loads 10 5 M 12
User-Defined Forces
Combinations _[:I -[] L
4 Results
7 5 m B 6 <]
LI L)
[l [ [
4 Report
4 3 l: 5 4 D 3
5] 0] C
1 2 B3




5. Creating the frame

e Enter supports
e Go to Geometry > Nodes and set all degrees of
freedom of nodes in the feet of the columns in

bottom fram? to ,Rigid"
4 3 5 f 4 5

113

:
i

X _Z Ry




6. Loads

Self-weight of the slab +
Other permanent load

 Manually calculate 4 valuesg’of linear loads per
1 meter of the

peam (in

— Characteristic permaneiit load in typical floor g ;
— Characteristic permanent load on the roof g,
— Characteristic variable load in typical floor g .
— Characteristic variable load on the roof g, ,
e Linear load [KN/m] = area load [KN/m?2] * L [m]
N | u l | | || N
L,
n N n T 0 n _ n
u | n | n n




7. Load cases

e You should consider 4 load cases:
SW: Self-weight of the frame — calculated automatically by IdeaStatica

LC1: Full permanent  LC2: Full variable load LC3: Checkerboard

load variable load
i -28.00 -5.00
I l m Hitiittier [ 0
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7. Load cases

e Create the load cases, adjust Load Group and
Type as follows:

Data

Load cases l Permanent load groups I‘urarial::lle load groups |

Load Cases | . || Copy selected | | Delete selected |

Name T | Load Group Type

SW LG1 - Permanent | Permanent
[ | LC1 Permanent L1 - Permanent | Perrnanent
| LC2 Variable full LG2 - Standard -|
T LC3 Variable checkerboard | LG2 - Standard | FJE e

Tic h to change

o SW = self-weight of the modeled structure
(frame) — automatically generated



6. Loads

e Go to ,Uniform Loads", select LC1 and enter the
loads. Repeat for LC2 and LC3.

Data

Uniform Lnads. 2) Add new member load
Load Caffe_ 1) Select Load Case

Membe T | Value [kN/m] T | Direction

Global Z
5 32,0 |GlobalZ—=| 0,0 Length

ESJEYES

3) Enter member number
4) Enter load value (with ,minus™ !)
5) Select vertical (Z) direction



8. Load combinations

e Create 2 load combinations:
— CO1 Full = SW+LC1+LC2
— C0O2 Checkerboard = SW+LC1+LC3

Data

User defined combinations || |mBeleteall

col ULS Funda... = | Linear - | 1,35*5W + 1,35*LC1 Permanent + 1,50*LC2 Variable full

> | CO2 |ULSFur1da... = 8| Linear - Ei 1.35*SW + 1,35*LC1 Permanent + 1,50*LC3 Variable checkerboard

Select Linear Click here to change

e \Why more combinations?
— CO1 Full = Extreme N and support M
— CO2 Checkerboard = Extreme V and midspan M



8. Load combinations

Load Combinations Manager

1) Select the
combination

o X
T TR v Combination Properties
Name | cot |
Evaluaticn | Linear - |
T}’pf_‘ |U'L5 Fundamental i | J Load Cas | Combinatio |
Load Cases in Combination 1 | Fo=f
4 51 4 |oad group
W 4 |Gl
LC1 Permanent SV
4 |52 LC1 Permanent
LC2 Variable full 4 G2
LC2 Variable full
LC3 Variable checkerboard

3) Adjust the
coefficients (1.35 for
permanent loads,
1.5 for variable)

2) Add/remove
load cases to the
combination



9. Results
e (Calculate results

StatiCa® FRAME

=] New ||l Dimensions | " MNode numbers | I_I Mothing
o ™ Undo R
= Open |- Local axes | H Mernber nur‘nl:}er5| rrl Text
e |
Save F'i Shape |
| Project || Data View settings || Css drawing |
Mavigator * 4| Main
4 Project -

Project Data




9. Results

e (o to Results > Internal Forces; check int. forces
for CO1, CO2 and ,envelope™ (All ULS)

1) Turn off all labels 2) Select load 3) Select
except Member combination to internal force
numbers displa to dlsla

StatiCa® FRAME

AlLULS Fundamental | "I
L o g

EEEEE

H Saw ign
| Project |
5) Di s P I ay
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9. Results

e What is an ,envelope™?

AN AN

UN—" U L U~

CO1+C02 Mﬁvﬁ

Symmetry
(if considered)

Envelope K//U\\ﬁ_f




10. Report

e Create Detailed Report: Navigator > Report >
Detailed; set as follows:

Maodeler and results

o broject dat Refresh, then
Draw picture . . .
o Low e Go to Print Preview and print the
Loads
Draw picture report

Load combinations
Design groups and Design member:
Results 'CMO1' - IDEA StatiCa Frame

=
) Global Extreme —| & [=]] = undo : j
@ Member Extreme \ - o IIII i~ pn;"
. e ose awve WIEwW
i Cross-section Extrermne

All load cases Project Data Report view
All combinations
Envelope _
Internalfprces For the neXt Week, brlng
o pe the printed report
b pictur together with manual

[l Reactions

[& Draw picture Ca|CU|at|0n Of |OadS.



10. Report

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

J /‘I'l ", O
\ \“'—m.w ___,/ \"b—-. _e:e’/
. —

w9 B @ I
) g
The report will A

not be - - -

All combinations, My [kNm], Centroidal forces
accepted

Internal forces, Member Extreme, Centroidal forces

—
RI
¥
%
\

- H : Position N A
without this o e | R [N
1 | CO1Full(1) 0.00 | -60.2 1268 |  -87.9 |
m anual 1 | CO2 Checkedhoard(2) 0.00 | 534 | 9l2 | -694
. 11 COT Full(1) .00 | 602 |  -1325 | -105.0
1 | CO1Full(1) _ 3.00 | -60.2 | 2.9 |
ammend ment 111 _ 2 | CO1Fuli(1) 0.00 | -60.2 72
" » 2 | CO2 Checkedboard(2) 0.00 | -444 | 1329 | 953
2 | CO1Full(1) 5.00 | 502 |  -1268 | -
' 2 | CO2 Checkedboard(2) 3.00 | 444 | 23
I )] CD?_Ch’_ec_l_gedBdai_d(:_z) ' ool | 124 2388
3]} cot Ful(1) 0.00 27.9 232.0
3] cot Full(1) 6.00 27.9 | -2820
o | CO2 Checkedboard(2) : | 124 181 U186,
s COLRUIKCD . [oo0\| 279 | 2820 |  [-297A\]
e | CO2 Checkedboard(2) et 000j] 313 ) 16854 |  1-210.0}]
CO1 Full(1) ! 6.00 | 27.9 | -232.0 |
41 CO1Fuli(1) 3.00/ | 27.9 25.0
5 | COTFul(1) i 0.00 1.3 240.5




