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https://www.youtube.com/channel/UClhFAx_bGPtfRuTOUWrQEWg

Task 1
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Structure

In this HW, we continue with the design of the frame structure (Task 1).
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Assignment

Geometry: R, a [m] — horizontal dimensions, /# [m] — floor height, # — number of floors
Materials: Concrete — concrete class
Steel B 500 B (fyx = 500 MPa)
Loads: Other permanent load of typical floor  (g-go)agors [KN/m?]
Other permanent load of the roof (2-20) oot [KN/m?]
Live load of typical floor Gnoorss [KN/m?]
Live load of the roof Grootk = 0,75 kKN/m?
Self-weight of the slab 2o (calculate from the slab depth)
Another parameters: 8 — Exposure class related to environmental conditions
Z — Working life of the structure
i>|
Parameters in bold are individual parameters, which you can find on the course website. = I ] u u n
Individual parameters:
https://docs.google.com/spreadsheets/d/1uQluyyKEcG5jaZVLrsmm1ZRRNib ow3MI n x s u n n n
wgZSEDgnW8/
u R u u | u
PR SRR VR T R TR R
7 1 7 1 1 7 7 1
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https://docs.google.com/spreadsheets/d/1uQIuyyKEcG5jaZVLrsmm1ZRRNib_ow3MIwgZSEDgnW8/
https://docs.google.com/spreadsheets/d/1uQIuyyKEcG5jaZVLrsmm1ZRRNib_ow3MIwgZSEDgnW8/

Assignment goals

Our goal will be to:

« HW1: Design the dimensions of all elements.

* HW2: 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 HW, we will calculate internal forces in the frame structure (2D transverse
section of the building).

nxh

We will use the SCIA Engineer 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 SCIA Engineer,

 model the frame, calculate internal forces, and create a report in SCIA Engineer.
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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 the software.
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Beam loading

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 ;..

[ | ﬂ' | I ] || || ||
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Beam loading

Floor slab load

Floor beam load

Load type Load name p Ppl fi v 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
L3 variable from assignment 3 15 4.50
= z 3 4.50
SUM fi = 8.25 fa= 1159
Roof slab load
Load type Load name p Pol fi v fq
- - mm kg/m’ kg/m? kN/m? - kN/m?
oy slab self weight 190 2500 475 4.75 6.41
*,:_f' T |other permanent load from assignment 2.00] 1.35 2.70
2z 6.75 9:14:
= - |variable from assignment 0.75 1.13
Q< 1.5
& 2 0.75 113
SUM fi = 7.50 fa=  10.24

@ betond4life

Load type Load name fax tributing width fiink v fiin,a
= J kN/m? m kN/m - kN/m
- slab dead load 5.25 6.5 34.13 46.07
g @ |beam self weight calculated automatically by SCIA 0.00[ 1.35 0.00
2z 46.07

2 3 slab live load 3 6.5 19.50 % 29.25

= z 29.25
SUM fi= 53.63 fa=  75.32
Slab span: R=6.5m

Roof beam load
Load type Load name fax tributing width Flin % fiin,a
- - kN/m? m kN/m - kN/m
= slab dead load 6.75 6.5 43.88 59.23
2 © |beamself weight | calculated automatically by SCIA 0.00[ 1.35 0.00
>3 59.23

w — [slab live load 0.75 6.5 4.88 731

>3 15

. z 731
SUM fi= 4875 fa=  66.54
Slab span: R=6.5m

Ikt = 3413 KN/m
qxt = 19.50 KN/m

43.88 KN/m
4.88 kN/m

g k,r
q k,r
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Calculation of internal forces in 2D frame
Download and install of SCIA Engineer
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Download and install SCIA Engineer

First, apply for the student license of SCIA. When applying, use your school student
email (e.g., “name.surname@estudiantat.upc.edu”).

SCIA Engineer for Students

PPPPPP

oooooooooooooooooo

RRRRRRR

Wait until you receive an activation email with your login credentials.
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https://www.scia.net/en/forms/free-engineering-software-student-licence-subscription

Download and install SCIA Engineer

Download and install the latest version of SCIA.
SCIA Engineer 22 downloads

Latest version release 22 A

On this page you will find all released versions of SCIA Engineer 22 and the necessary guides to help you start a new installation, or update an existing one.

SCIA Engineer is only backward-compatible.
Files from version 21 can be opened in version 22, but files from 22 cannot be opened in 21

Allinstallation guides can be found in the tab named 'Installation Guides'.

s Update to the SCIA Cloud License Protection: follow the cloud license installation guide

SCIA Engineer 64-Bit Release 22.1.2011 >

After installing SCIA, run the software and log in using your credentials.

8 betondlife
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Calculation of internal forces in 2D frame
Modelling of the frame in SCIA Engineer
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Using the software

Using the software

Use this video tutorial to model the structure, perform the calculations and obtain the
results.

loo ame =sm BEBE

The following part of the presentation only highlights the main steps.
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https://www.youtube.com/watch?v=6i_WhKhVJpY
https://www.youtube.com/watch?v=6i_WhKhVJpY

Using the software

Using the software

The process of obtaining the internal forces using SCIA Engineer consists of the
following main steps.

a) Modelling the structure.

b) Inputting loads into load cases.
c) Creating load combinations.

d) Creating result groups.

e) Calculation.

f) Creating the Engineering report.
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Using the software

Modelling the structure

n SCIA Engineer

é} SCiA 22.1.2011.64 - student version
DG ¥ wmg e

INPUT PANEL
E All workstations
= All categories

& Altags

¥ GRIDS & STOREYS

gy 30 line grid

¥ 1D MEMBERS

S 1D member Ctri+B
== Beam

[§ column Ctrl+Shift+B

=3 Haunchon 1D
5 Arbitrary profile
D Opening on 1D
fml Internal node on 1D
¥ 2D MEMBERS
Ribbed slab
Prefab slab
Opening on 2D
¥ LOAD PANELS
i, Panelwith load to nodes
- Panel with load to edges
&% Panel with load to 1D & edges
Opening with load panel

sarallel beams

Panel wil
Opening on panel
 IMPORT & BLOCKS
E Catalog blocks
Eﬂu User blocks
A, Predefined shapes
D Impart praoject from esa file
[ty Import DWG, DXF, VRMLOT

¥ PRESTRESSING
Post-tensioned tendon

Post-tensioned free tendon
¥ BOUNDARY CONDITIONS
Zh Supportin node

<

378YL LNdNI

fa

9,F F T

& [

Tl @ P

FRAME +

Please click here or press Space and type your text... It will be completed with lines below. LC4

Grid1

—x (@

3700

3700

a M- M o# BB @S

PROJECT DATA (1) [\
Licence name
Licence number
National code
National annex
Structure ~
No. of nodes
No of beams
No of slabs
No of solids
No of used profiles
No. of load cases
No of used materials

Linear calculation
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Using the software

b) Inputting loads into load cases

We will create and use the following load cases.

e LC2: Full permanent load,
e LC3: Full variable load,
* LC4: Checkerboard variable load.

@
o o - 8 R 2 B 2
TY b ¥ ¥ ¥ ¥ ¥
[ ]
olo o & Lk & 2 2
S5 3 ' '
e v ]
T A S B | L Y
S Y O N
A A2 2 2 2
o E B Bl o a
3 b3 ‘ ‘ " N
N O A
2 bl 2 2 2
fu] o) ta o & o
5= 3 ' o [ =
R B
1 ¥ ¥
ffffffffff
= ole o
v [721 (%31 " =2 <2
ofm fel a oot o a o
<l < b £ B a a
Gl Bl 5 0 )
P11 87 1
<< = | = o o
A7 3 0 i i . = Ey
T Il
ffffffffffffffffffff
N BN N
(IS J ) | |
> X > X >X

@ betondlife LC2: Full permanent load LC3: Full variable load  LC4: Checkerboard variable load 20



@ betond4life

Using the software

b) Inputting loads into load cases

43,88
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Beam loading
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LC4: Checkerboard variable load
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c) Creating load combinations.

Using the software

After creating the load cases, we must select which load cases act together —i.e., we

must create load combinations (CO).

e Full (CO1)

(LC1)

(LC2)

Self-weight of the frame + Full permanent load + Full variable load
(LC3)

* Checkerboard (CO2) = Self-weight of the frame + Full permanent load + Checkerboard variable load
(LC4)

@ betond4life

(LC1)

(LC2)

B Cembinations

B -iEFRE &« 2 O Inputcombinations

(CO1-full Name CO1-full
COZ-checkboard Description
Type Linear - ultimate

Amplified Sway Moment method no

« Contents of combination
LC1 - Self weight [-] 1,350

LC2 - Other dead loads[-] 1,350
LC3 - Live loads full [-] 1,500

New Insert Edit Delete

Close

New Insert Edit Delete

8" Combinations X
= B E & 2 [ Inputcombinations
CO1-full MName COZ-checkboard
:C02-checkboard Description
Type Linear - ultimate
Amplified Sway Moment method no
+ Contents of combination
LC1 - Self weight [-] 1,350
LC2 - Other dead loads [-] 1,350
LC4 - Live loads checkboard [-] 1,500
Close
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d) Creating result groups.

Using the software

Last, we must create a “group of results” in order to view the envelope of the internal
forces from the individual load combinations:

RG1 = {CO1, CO2}

B ' Reszult classes
RN

RC1

4« List

Mew Insert

>
& 2 Al L2 |
Mame RC1
Description
CO1-full - Linear - ultima
CO2-checkboard - Linear
Edit Delete Close

What is an “envelope” of an internal force?

@ betond4life
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Using the software

d) Creating result groups.

What is an “envelope” of an internal force?

Co1 CO2
L'T\//u\\//ﬂl ﬁ\//u\\/ﬁ
CO1+CO2 M/U\Vﬁ
(ifSc);nlqsniqcigd) M/_\\//AL
Envelope K//U\\j‘_[
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Calculation

Finally, we can run the calculation.
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Engineer

# SCIA 212018 sudentversion

DB ¥ w @ © o

INPUT PANEL
& All workstations
= All categories

& Alags

¥ GRIDS & STOREYS

gy 3D line grid

¥ 1D MEMBERS

l; 1D member Ctrl+B
= Beam

[J column Cerl+Shift+ B

&3J Haunchon 1D
57 Arbitrary profile
[ Opening on 1D
[@j Internal nodeon 1D
¥ 2D MEMBERS
Ribbed slab
Prefab slab
Opening on 20
¥ LOAD PANELS
Jmi Panel with load to nodes
A Panel with load to edges
4% Panel with load to 1D & edges
Opening with load panel
Panel with parallel beams
Opening on panel
¥ IMPORT & BLOCKS
Catalog blocks
5 User blocks
'R, Predefined shapes
D Import project from esa file
Q‘ Import DWG, DXF, VRMLS7
¥ PRESTRESSING
Post-tensioned tendon
Post-tensioned free tendon
¥ BOUNDARY CONDITIONS
A Supportin node

<

19,F F 7

378vL LndNI

&

=

Please click here or press Space and type your text.

Grid1

FRAME +

it will be completed with lines below.

3700

C

LCa~

57 FE analysis

Calculations

Linear analysis
Load cases: 4

Other processes
Test input of clata
Enginecring report regeneration
Engineering reports: 1

Save project after analysis

Calculate

4 Mesh setup
Average number of 1D mesh elements | 1
Average size of 1D mesh element on cu 0,200

Average size of 2D mesh element [m] 0,500
Connect members/nodes
Setup for connection of structural entit
P Advanced mesh settings

4 Solver setup
Specify load cases for linear calculatior
Specify combinations for linear stabilit
Specify combinations for nonlinear sta

b Advanced solver settings

4 Engineering report

Specify reports for regeneration

aes

i L= M H @@ S

PROJECT DATA (1) v}
Licence name
Licence number
National code
National annex
Structure A
No. of nodes
No of beams
No of slabs
No of solids
No of used profiles
No. of load cases
No of used materials

Linear calculation

SERINSIELE!

el

b vy

Using the software
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Using the software

Creating Engineering report

After running the calculation, we can check the results and create the Engineering
report.

Engineering report is a document that you can create in the SCIA Engineer software.
We will put the most important inputs and results into the report.

- - LB XD-- Report_1 [FRAME.esad] - Engineering report - 8 x
Home  View
== JCut  4Undo- v 5 ) B = B[ N =
L & ) = E ) (2
) B copy | b et 5 B = 2] < |7 1] I
Paste Report Insert Edit Delete Move Move Indent Outdent Regenerate Regenerate Edit picture View Edit  View  View DWGcolour Extended editing  Edit
5 properties up  down selected outdated~  properfies point picture parameters  point converier of properties  external file
Clipboard Undo Document item Regenerate Edit pictures Edit external pictures  Tables / Pictures  External files
IS simmamsmae © O % SCIAENGINEER part - National code e ~ B
=] Header / Footer ® Il Author - National annex Standard EN 4 [Represent:
Date 29923 organizatior e
] Analysis model (Picture insc... '@ et [T ¢ Name Bt inscale
roject rame - M (beams
7 ansiyss mogel (cture insc.. '@ i Caption RCT =M (beams)
B members £o Caption visible
[7)LC2 4 Tot. value / Value fictu... & @ 10. RC1 -V Picture size definition Two per page v
[,1C3 /Tot. value / Value [Pictu... &' @ Values: ¥ : s 251,891951886406
i lculati o 8 Scale 1: 51,89195133640¢
[1 LC4 /Tot. value / Value Pictu... &' @ Cnear calelation . =
Class: RCL I 5 Stretch mode Dark lines v
T combinations -0 Coordinate system: Member E
130 disp U total Pi.. '@ Extreme: 1D: Local E z8 Rendering Standard v
Bpacnetl ool = Selection: B4, B5, BS, B10, B14, B1S, ki IS Antizlizing quality  None v
[1RCI-N Picture nsale) '@ 819, 620, B24, 625, 629, B30 ; . 77 5 Rotation o .
RLURCIEY Pt in ok B O H .8 Resultinformation  Inside picture v
1 RE1-M (peams) (Pictureins.. '@ D) £ IS Export to PDF as 3D
[1 RET - M (columns) Picture in... &' @ i 44| @ Position One below anath v
[l co1-Npidueinsale) O H Image raster
[ cot -V (Picture in scale) -0 ~ Scale for model data
[] €CO1- M (beams) (Picture in s... s @ ,ZUJ_L,, 3) Scale for results 1
[ co1 - M (columns) Picture i.. o @ <
] €Oz - N (Picture in scale) -0 -
1 coz-vpaueinsale) 2@ o © [T ————
[ €02 - M (oeams) Ficture in 5. " @ E; 28
= i s A
€02 - M (columns) Picture i 3
i (columns) (Picture 1. o' © - ™ . Request State e
3
11. RC1 - M (beams)
Values: My H
Linear calculation wn
Class: RCL =
Coordinate system: Member ‘g*‘r B ™2
Extreme 1D: Local Fa
Selection: B4, 85, B9, B10, B14, B1S, F A
819, B20, B24, B25, 629, B30 b 8 5
e S
3§
L v
. < 2 26
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Using the software

f) Creating Engineering report

Print the report, and in the printed report, manually highlight the values of the most
extreme bending moment, shear force and normal force.

5,13 kNm
g 195,07 k -128,11 kh
@

3 P\ -146, I -168,73 kN -177, N 183,
/3700 |, 3700 |, 3700 |, 3700 , 3700 |

22200
@

5400 5400 TS S ©
q 10800 i

The report will not be accepted without this manual amendment!
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Video

The whole process of modelling in SCIA Engineer is shown in this video.

@ betond4life

28


https://www.youtube.com/watch?v=6i_WhKhVJpY
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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 and
reinforcement of the column.
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thank you for your attention
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