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EU + EFTA (EZVA): 31 statov Europske;
ekonomickej oblasti je clenom CEN
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31 Clenskych statov CEN

Clenmi CEN su narodné normalizaéné
organizacie Belgicka, Bulharska, Cypru, Ceska,
Danska, Estonska, Finska, Francuzska, Grécka,
Holandska, Chorvatska, irska, Islandu, Litvy,
Lotysska, Luxemburska, Madarska, Malty,
Nemecka, Norska, Polska, Portugalska,
Rakuska, Rumunska, Slovenska, Slovinska,
Spojeného kralovstva, Spanielska, Svaj¢iarska,
Svédska a Talianska.
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Superenie s US International codes .
Malajzia

PROMOTION Singapur

Vietnam
Eurocodes all-over the world

» Russia requested CEN for
the Eurocodes for their
review.

« Mongolian Standards
requested to participate in
the activities of
CEN/TC250.

I EU-EFTAMS =
B Expressed interest in the Eurocodes

« South Africa requested CEN to adopt EN 1993-1-1 and EN 1992-1-1.

« The United Arab Emirates requested CEN to adopt EN 1993-1-1 and EN
1992-1-1.

* New Zealand requested CEN for EN 1992-1-1 and EN 1998-1 for their

Joint

review. et

Centre
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THE EUROCODES FAMILY TODAY

EN 1990 - 109 pages
EN 1991 - 783

EN 1992 - 469

EN 1993 -1470

EN 1994 - 331

EN 1995 - 289

EN 1996

EN 1997 - 371

EN 1998 - 686

EN 1999 - 553
Complete 5320 pages

W” NDPs
() Corrigenda

@ Amendments

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 6
SvF STU v Blave 25.4.2017



RADAC. 1

* Napis do GOOGLE oznacenie eurokodu,
napr. EN 1993-1-1

* Objavi sa

IPOFTEN 1993-1-1: Eurocode 3: Design of steel structures - Part 1-1 ...

https:/flaw resource org/publeu/eurocode/en 1993.1.1 2005 pdf » Prelozit’ tito stranku
EM 1993-1-1 (200%) (English): Eurocode 3: Design of steel structures - Part 1-1; General rules and rules
for buildings. [Authority: The Eurcpean Union Per .

» Otvor a stiahni si KONSOLIDOVANY
eurokod EN 1993-1-1 v pdf v anglictine.

* Vyzera to takto

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15,
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;;* The European Union
1 2% EDICT OF GOVERNMENT &4

‘||[| zﬁ‘,'. In order to promote public education and public safety, equal justice for all,
I : i
|||' ,‘j .;:".’,‘ a better informed citizenry, the rule of law, world trade and world peace,
' . . - - . -
[ ".",1::'(; this legal document is hereby made available on a noncommercial basis, as it
't'i::t:\‘. is the right of all humans to know and speak the laws that govern them.
| ‘..u"'. .“"l‘
R0
r"’..."-
",0‘0.02
L
‘4‘:‘.’:“, EN 1993-1-1 (2005) (English): Eurocode 3: Design of steel
&'0’0’.’.‘, structures - Part 1-1: General rules and rules for buildings
0‘0’0‘0"{ [Authority: The European Union Per Regulation 305/2011,
?:0:0:0.0:{ Directive 98/34/EC, Directive 2004/18/EC]
XA
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Co znamena KONSOLIDOVANY:

BS EN 1993-1-1:2005
EN 1993-1-1:2005 (E)

(4)  The effects of uneven scttlements or imposed deformations or other forms of prestressing imposed
during crection should be taken into account by their nominal value Py as permanent actions and grouped
with other permanent actions [422) Gy to form a single action (6] (Gy + Py).

(5)  Fatiguc actions not defined in EN 1991 should be determined according to Annex A of EN 1993-1-9.

2.3.2 Material and product properties

(1) Material properties for steels and other construction products and the geometrical data to be used for
design should be those specified in the relevant ENs, ETAGs or ETAs unless otherwise mdicated in this
standard.

2.4 \Verification by the partial factor method
2.4.1 Design values of material properties

e (1P For the design of steel structures characteristic values [0 X, (2cz] or nominal values X, of material
properties shall be used as indicated in this Eurocode. (2210
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RADAC. 2

Stiahni si zadarmo uzitocné publikacie k suCasnym
eurokddom zo stranky

http://eurocodes.jrc.ec.europa.eu/listpublications.php?
en=8&lg&gen=0

Hlavne z casti
JRC: Scientific and Technical Report,
kde su nielen nazvy ale celé publikacie, napr.

Commentary and worked examples to EN 1993-1-5
"Plated structural elements" [ 4.28 MB]

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 10
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http://eurocodes.jrc.ec.europa.eu/listpublications.php?en=8&lg&gen=0
http://eurocodes.jrc.ec.europa.eu/show_Entity.php?file_id=EC_00000028

Tvorba novej generacie eurokodov

phase . (I RRRNE
Phase 2 IIIII

Phase 3 I I I I

Phase 4 I I
>

2014 2019
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Struktira CEN/TC 250

CEN/TC 250
Structural Eurocodes

Chairman: S Denton

Vice Chair: M Fardis
Secretary: T Wilkins [BSI]
CEN PM: G Ascensao
NEN M/515 lead: M Lurvink

Predym prof. Calgaro

prof Ing Ivan Balaz PhD
SvF STU v Blave

SC 10 - EN 1990
Chairman: P Formichi
Secretary: V Melgysund [SN]

SC1-EN 1991
Chairman: N Malakatas
Secretary: J Brunner [DIN]

SC 2 - EN 1992
Chairman: H Ganz
Secretary: A Schleifer [DIN]

SC3-EN 1993
Chairman: U Kuhlmann
Secretary: S Kempa [DIN]

SC 4 -EN 1994
Chairman: G Couchman
Secretary: J Duncan [BSI]

SC 5-EN 1995
Chairman: S Winter
Secretary: A Stenmark [SIS]

SKSI, B. Bystrica, 9:05-11:15,
25.4.2017

CEN/TC 250 Subcommittees

SC 6 - EN 1996
Chairman: R Van der Pluijm
Secretary: P Rauh [DIN]

SC 7 -EN 1997
Chairman: A Bond
Secretary: M Lurvink [NEN]

SC 8 -EN 1998
Chairman: P Bisch
Secretary: E Coelho [IPQ]

SC9-EN 1999
Chairman: F Mazzolani
Secretary: R Saegrov [SN]

SC 11 - EN 'Structural Glass'
Chairman: M Feldmann
Secretary: S Tiedtke [DIN]

12



CEN/TC 250 : .
Coordination Group Other Tier 1 WG's

Chairman: S Denton
Secretary: T Wilkins [BSI]

WG 2 Existing Structures
Convenor: P Luchinger [SNV]

Horizontal Group Bridges

WG 4 Fibre reinforced polymer
Convenor: P Croce et

Convenor: L Ascione [UNI]

Horizontal Group Fire WG 5 Membrane Structures

Convenor: B Zhao Convenor: M Mollaert [NBN]

WG 1 Policy and guidelines WG 6 Robustness

Convenor: J Moore [UK] Convenor: R Van der Pluijm [NEN]
prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 13
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Struktdra prac v ramci SC / WG

see Task 1
etc

Task 2

Sub-task

=II
Sub-task I

i

Task n

il

Sub-task

[
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Poziadavky na novu generaciu
eurokodov

Zredukovat rozsah
Zredukovat alternativhe navrhove pravidla

Zmensit pocty narodne definovanych
parametrov

Zjednodusit text, aby bol zrozumitelnejsi
pre projektantov v praxi

Harmonizovat casti eurokodov alebo
eurokody navzajom

Zapracovat najnovsie vysledky a inovacie

prof Ing Ivan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 15
SvF STU v Blave 25.4.2017



HARMONIZATION

NDPs database — progress of uploading by Country
(by 12 November 2014, % calculated on published NAs)

W

® 26 Registered and uploading

175%
150%
125%
] 0%

0%

Out of 31 countries
(28 EU MS + 3 EFTA MS):

(all MS registered)

® 4 Registered, not uploading yet

(4 MS - Croatia, Greece,
Luxembourg and Malta,)

* 1 Not registered
(Iceland)

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15,
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Percentage of
uploaded NDPS

- 100%] (12)
- 75%) (5)
-50%) (2)
- 25%) (7)

(5)



Nove casti eurokoédov

« Konverzia ISO 12494 na EN I1SO 12494
Atmofericka namraza (EN 1991-1-8)

« Konverzia ISO 21650 na EN ISO 21650
Zatazenie vinami a prudmi na pobrezné
konstrukcie (EN 1991-1-9)

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15,
SvF STU v Blave 25.4.2017
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SC 11 - EN "Structural Glass'
Chairman: M Feldmann
Secretary: S Tiedtke [DIN]

* Vedecka a technicka sprava sa
konvertuje na:

* Technicku specifikaciu TS, ktora sa
konvertuje na:

 EN novy eurokod pre navrhovanie
nosnych sklenenych konstrukcii

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15,
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WG 2 Existing Structures
Convenor: P Luchinger [SNV]

* Rozsirenie navrhovych pravidiel na:

Ohodnotenie existujucich konstrukcii a ich
zosllenie

 Vedecka a technicka sprava sa
konvertuje na:

* Technicku specifikaciu TS pre:
- vSeobecne pravidla,
- pravidla pre zatazenie.

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15,
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Detailed Timeframe - Technical Reports (TR)

Registration Start of Vote Definitive text
of a NWI on TR available
l A J l

12 months* 1,5%* 12 2
months| weeks months

l |

Final draft to End of
cCMC Vote on TR

_ Technical work

Editing and finalisation by CCMC (since 1 Sept 2016 19 months

Max total

Vote on TR via e-balloting since 1 Sept 2016

*An extension of 9 months may be requested

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 20
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Detailed Timeframe - Technical Specifications (TS)

Registration Start of Vote Definitive text
of a NWI onTS available

12 months* 3.5 12 3
months weeks months

| |

Final draft End of
to CCMC Vote on TS

- Technical work

Processing and translation 21,5 months

Total max

Voting via e-balloting

*An extension of 9 months may be requested

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 21
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* Vedecka a technicka sprava sa

WG 4 Fibre reinforced polymer
Convenor: L Ascione [UNI]

konvertuje na:
 Technicku specifikaciu TS

prof Ing Ivan Balaz PhD

SvF STU v Blave

SKSI, B. Bystrica, 9:05-11:15,
25.4.2017
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WG 5 Membrane Structures
Convenor: M Mollaert [NBN]

* Vedecka a technicka sprava sa
konvertuje na:

 Technicku specifikaciu TS

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15,
SvF STU v Blave 25.4.2017
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WG 6 Robustness
Convenor: R Van der Pluijm [NEN]

* Rozsirenie existujucich horizontalnych
pravidiel o robustness

* Adaptovanie do EN 1990 a EN 1991

* Nove alebo modifikované pravidla v
materialovych eurokodoch:

(SC2, SC3, SC4, SC5, SCb, SC9)

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15,
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EN 1993 Servants & Masters

1.12
VP ocele

EN 1993-1-12 Pravidla pre VP ocele
dat’ do ostatnych C€asti, hlavne do
EN 1993-1-1

Steel
bridges

Quality
selection

Tm

Stainless

Plates in
bending

buckling

EN 1993-1-13 Eurokaod 3.
Navrhovanie ocelovych konstrukcii.
Cast’ 1-13: Pravidla pre nosniky

s velkymi otvormi v stene.

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 25
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Silos, Tanks,

Kam dat’ steny Pipelines

zat'azené prieCne ?



EN 1999 Navrhovanie hlinikovych
konstrukcii

EN 1999-1-1  vseobené pravidla pre konstrukcie

EN 1998-1-2  Navrhovanie konstrukcii na G&nky poziaru
EN 1999-1-3  Konétrukcie nachyiné na unavu

EN 1999-1-4  Nosné plosné profily tvarované za studena
EN 1899-1-5  Skrupinové konétrukcie

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 26
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Clenstvo v TK v ramci UNMS SR

 TK 4 Kovove, spriahnuté ocelobetonove,
drevené a sklenené konstrukcie

 TK 15 Zatazenia stavebnych konstrukcii

 TK 111 Uplatnovanie a pouzivanie
eurokodov

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15,
SvF STU v Blave 25.4.2017
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Clenstvo v SC a WG v ramci CEN
v TC vramci ECCS

e SC3 Ocelové konstrukcie

« WG EN 1993-1-1 VSeobecne pravidla a pravidla
pre budovy

« WG EN 1993-1-3 Profily tvarované za studena
« WG EN 1993-1-5 Nosne stenove prvky

« WG EN 1993-2 Ocelové mosty

« SC9 Hlinikove konsStrukcie

« WG EN 1999-1-1 VSeobecne pravidla

prof Ing Ivan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 28
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ENC a ¢lenstvo v TC vramci ECCS

Eurocode National Correspondent

TC 7, TWG 7.5, ECCS (European
Convention for Constructional Steelwork),
Technical Committee 7: Tenkostenné
profily tvarovaneé za studena

prof Ing Ivan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 29
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Podmienky v pracovnych komisiach

 Praca V SC a WG je na dobrovolnej baze
a nie je honorovana

* V SR tieto aktivity nepodporuje vobec
nikto

* Praca v PT je honorovana takto:
- predseda PT cca 25 000 EUR
- Clen PT cca 5000 EUR

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 30
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EN 1090 Zhotovovanie ocelovych a

hlinikovych konstrukcii

« EN 1090-1 Cast 1: PoZiadavky na posudzovanie zhody
konstrukcnych dielcov

« EN 1090-2 Cast 2: Technické poziadavky na ocelové
konstrukcie

« EN 1090-3 Cast 3: Technické poziadavky na hlinikové
konstrukcie

« EN 1090-4 Cast 4: Technické poziadavky na
tenkostenné, za studena tvarovaneé prvky a konstrukcie
pre pouzitie na strechy, stropy, podlahy a steny

« EN 1090-5 Cast 5: Technické poZiadavky na tenké, za
studena tvarované hlinikove prvky a konstrukcie striech,
stropov, podlah a stenovych aplikacii

prof Ing Ivan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 31
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Priklad suboru noriem potrebnych
na navrhovanie vezi a stoziarov

Guidance - Series of standards for steel towers and masts

| load combinations
— [

v\afety aspects

Yo/ Yo-values

EN 1990-1-1:2002

self-weight — EN 1991-1-1:2002

actions [ wind action |—» EN 1991-1-4:2005
/< prEN 1993-3-1:2005, Annex B

seismic action —» prEN 1998-3:2005

general —» EN 1993-1-1:2005

prEN 1993-3-2.2005 $——]| Imperfections

prEN 1993-1-6:2005¢—— stability of shells

connections [—» EN 1993-1-8:2005
EN 1993-1-9:2005 :

4
prEN 1993-3-2:2005, Annex C fatigue

guys —» prEN 1993-1-11:2005

seismic design rocker bearings — EN 1337-6:2004

EN 13084-6:2004 «+——

EN 287-1:2004, EN 719:1994, :

EN 729-2:1994, EN 1418:@ welding
prEN 1090-2:2005

prEN 1993-3-1:2005 . ¥| corrosion protection
prEN 1993-3-2:2005 .

site work

EN 13084-1:2000
>" prEN 1090-2:2005

tolerances —_, prEN 1993-3-2:2005, Annex E

prEN 13084-7:2005
EN 1337-6:2004}/\ prEN 1993-1-6:2005

PrEN 1090-1:200°5 | CE_marking (Annex ZA)
EN 1337-6:2004

e proauc EN 13084-1:2000
prEN 13084-7:2005 traceabilit -
Y Conformlty maintenance EN 1337-10:2003

prof Ing Ivan Balaz PhD

SKSI, B. Bystrica, 9:05-11:15,
SvF STU v Blave
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Eurokéd 3 |
Navrhovanie ocelovych konstrukcii
Cast 1-3: VSeobecné pravidla — Dopinkové pravidla
pre prutové a plosné profily tvarované za studena

Charakteristickeé vlastnosti v dosledku malej hrubky:

- mala krutova tuhost

- mala odolnost proti skruteniu

- jednoduchy vypocet vnutornych sil krutenia na zaklade
analogie s ohybom

- mala odolnost proti strate:
- globalnej stability (ohybom, skrutenim, ich kombinaciou),
- distorznej stability (zmena tvaru prierezu),
- lokalnej stability (vyduvanie tlacenych stihlych stien),
- ich kombinacii (coupled instability).

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15,
SvF STU v Blave 25.4.2017
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Local, Distortional, Global
Buckling

Duricova, S. - Ondik, S.
TSUS, KosSice

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15,
SvF STU v Blave 25.4.2017
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Obr. 3 Merané rozmery a imperfekcie

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 35
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Tab. 1 Dlzky skagobnych vzoriek

Profil Dlzka Pomerna Dlzka Teoreticka Oblast’
,.kratkych® stihlost’ ,,dlhych® dizka namahana
vzorick dlhych vzorieck ohybanych cistym
vzoriek A prutov ohybom
(mm) (mm) (mm) (mm)
CW50 200 0,67 1000 900 300
CW75 300 0,91 1350 1000 300
CW100 400 0,92 1350 1500 500
36
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Obr. 1 Frézovanie koncov dlhych tlacenych vzoriek

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 37
SvF STU v Blave 25.4.2017



POLOHA VONKAJSIEHO
POVRCHU STENY
SKUSOBNEHO PRVKU

ULOZNA DOSKA

TAZISKO PLATNE
TAZISKO PRIEREZU
POSOBISKO ZATAZENIA

TLACENA VZORKA

Obr. 6 Poloha vzoriek v skusobnom zariadeni

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 38
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SNIMAC POSUNOV

SILOMER

ZARIADENIE NA VYVOLANIE
POSUNU

Obr.S ZataZovaci ram, okrajové podmienky s trenim

prof Ing Ivan Balaz PhD SKSI, B. Bystrica, 9:05-11:15,
SvF STU v Blave 25.4.2017

39



Tab. 2 Porufovanie kratkych vzoriek CW100

CW100 CW100 CW100 CW100
0 (N) 9000 (N) Kolaps Odl'ah¢enie

prof Ing Ivan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 40
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Tah. 3 Porufovanie dlhych vzoriek CW50 (distorzia) . . .
Distorzia = zmena tvaru prierezu

CWS50 CWS50 CWS50
Odlahéenie

6000 ()

Smerom ,von*

N

Smerom ,dnu”

k !

| | |
19 cw50.1000/3 ) ® cw50-1000/3 OF

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 41
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Tabh. 4 Porufovanie dlhych vzoriek CW75 (lokalna strata stability a distorzia)

CW75 CW75 CW75 CW75
UG

7 8000 (M) Kolaps - Odlahienie

Lokalna strata stability.
Vyduvanie tlaCenej
stihlej steny

¥ CW75.1350/2 %

prof Ing Ivan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 42
SvF STU v Blave 25.4.2017



Tah. 5 Porufovanie dlhych vzoriek CW75 (lokalna a globalna strata stability)

CW75 CW75 CW75 CW75
Odlahéenie o

3600 ()

10000 1) Kolaps

prof Ing Ivan Balaz PhD SKSI, B. Bystrica, 9:05-11:15,
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SNIMAC PRIEHYBU

SKUSOBNA VZORKA

ZAVES
%%//‘///5{;; ..........
,';I
@ CWU75-1000/2 @
iR
ROZNASACI PRVOK ZAVES
SILOMER
Obr. 9  SkusSobna zostava sktsky ohybom
prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 44
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Tab. 6 Porusovanie ohybanych vzorieck CW50

CW50
0 M)

CW50
Kolaps

prof Ing Ivan Balaz PhD
SvF STU v Blave
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Tab. 7 Porusovanie ohybanych vzorieck CW100

CW100
0 (N)

@ CW100-1500/3

@ CW100-1500/3 @

L

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 46
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RADAC. 3

« Stiahnite si zadarmo program CUFSM
http://www.ce.|hu.edu/bschafer/cufsm/
DSM - Direct Strength Method,

Prof. Ben Schafer, Johns Hopkins University, Baltimore,
Maryland, USA

 Stiahnite si zadarmo program GBTUL
http://www.civil.ist.utl.pt/gbt/
GBT - Generalised Beam Theory

Prof. Dinar Camotim, Instituto Superior Técnico, University of
Lisbon, Portugal

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 47
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http://www.ce.jhu.edu/bschafer/cufsm/
http://www.civil.ist.utl.pt/gbt/

RADAC. 4

« Stiahnite si zadarmo program EBPlate
https://www.cesdb.com/ebplate.html
CTICM Paris, France

prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15,
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https://www.cesdb.com/ebplate.html

VTB — Verallgemeinerte Biegetheorie
(ZOT - Zovseobecnena ohybova teoria)

Autor: Prof. Richard Schardt, TU Darmstadt

ZAKLADY GBT
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JEDNOTKOVE DEFQRMACIE V: a) V ROVINE, b) Z ROVINY PRIEREZU
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Prierezove charakteristiky

keM = lj-[ku(s)]zds == j
0 0

d[ku(s )]

d <

kS (s )d——Z

[ u(s)] _‘ _n=5

r=1
Table 2: Cross-sectional properties and stiffnesses of (L-prohle
II\_
ko s B
¢ D transverse bendin
k Mode k warping “torsion” e T T g”
cross-section frame
constants constants oo
stiffnesses
1 | Axial (extension )
. . A=5.24cm - -
1n x direction)
2 | Bending about z I, =2586lcm” _ _
3 | Bendingabout y | 7 =123377cm* - -
4 | Torsion about x | 7 =763764cm® | I, =0,069867cm* -
5 | Distortion D1 B 6 B A kN.cm
(symmetrical) Iy p1 =8.287¢cm Iip; =0.04cm ETg p; =3.928 m
6 | Distortion D2 6 A kN.cm
. _ 1 0. = 3 =
(antisymmetrical) Iy pr =6.79cm Iip> =0,03cm Elg pp =7.89 o
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RADAC. 5

» Kupte si Dlubalov program:
DUENQ — nemecky nazov,
SHAPE — anglicky nazov.
Vypocita Vam suradnicove funkcie:
1, y(s), z(s), w(s), (nie distorziu !) a ich
integraly — statické momenty.
Mam vlastny program SEKTOR, ktory spocita aj
distorziu uzavretych prierezov a dalsi program aj

distorziu otvorenych prierezov.
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2.2 Z-profile
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D, =12a" +6a+16a° f+12a° B+ 1208 +38° +2- f =25.749 ;

off(20" =3 =20 B -20 - -2)

u(0)="u(5) = h* =11.840cm*

D;
5 ‘B(—da—4deff -25-3) ., ;
Su(1)="u(4)= o p(-Ao—doff —2p /> =2.783 cm”;
D,
) 2
51!(2)25;!!(3):&’5( 27 — 4o ’5)}’32 =1.145¢m* :
D
_:\ o 2 o o _3 2
(0 )=— %urs)= op(Sa—20"f—6af —2[-3p ’]F:r‘:" =13.085¢m" ;
D
Su(l)=—"u(4) = « ﬁ(_4aﬁ_6ﬁ_”~}f =—2.659¢cm":
Dy
Su(2)=—%u(3)= o P(=bc —8-*:1:’,3—3,5)‘}33 =1.608 cm”
Dy
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ZLOZKY ZATAZENIA
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VYPOCET VNUTORNYCH SIL

* Velmi lahko hocijakym programom, ktory
dokaze spocitat’ vnutorne sily onybanych
nosnikov.

* Na zaklade analdgie dokazete vypocitat
vsetky vnutorne sily:

- kratenia (viazaneho, volného)
- symetricke] a antisymetricke] distorzie —
Zzmeny tvaru prierezu
Ja pouzivam program |Q 100.
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Mixed Torsion
EI" (x)-GILo" (x)=1,(x)
Warping Torsion

EI " (x)=1t,(x)

L Gl

] = —— = L I1=0 Bending-Torsion Parameter
L, El,
El,
GI, =0 [kNm] GI,
SKSI, B. Bystrica, 9:L . 73
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Warping Torsion

EI " (x)=1t,(x)

L |Gl
kl, =——
L, \EI,

kL <_: 05 or L{UI :_> ZL

kI, <0.75or L., > 1.33L
kl. <1.25or L., > 0.8L

k.<15o0rL, >0.67L

~L=0 GI,=0 [kNm] , _ |El,
(1))
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Mixed Torsion
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Influence of shear
taken into account: Accor-
——— e =1 kL. =30. ding to:
No ¢ LV o UMANSgKU =01
Yes #=0.2418 kL, =15.05 {BEHSCOTER |
______ - - HEILIG r-.005
Yes @=0173 KL, =12.73 {oéﬁmsuozs
PANOYKO
N 7 10
@ .005
! v
.", 1 .01 B (x) = I!i’ - EL,v,"(x) = ap(x) Ty, L
. \
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|
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n=> n=> kW L
— E L E _k “Tto
O, O; K U, "I | L=28m
I-:l rzl C 2 V- 1 ~ N
Nodes —
i=0.1.n=5
Table 3: Longitudinal stresses ¢, [MPa] in midspan
| Nodes i
Modes & 0 1 2 3 4 5
o, 0 0 0 0 0 0
‘0, 0 0 0 0 0 0
3, 56,99 74,72 74,72 -74,72 -74.,72 -56,99
‘o, -138,327 -82,364 76,739 -76,739 82,364 138,327
Yo, 0 0 0 0 0 0
°, 0,000549| -0,000192 0,000073| -0,000073]  0,000192 0,000549
> ko -81,336 -7,644 151,459 -151,459 7,644 81,336
r=1
prof Ing lvan Balaz PhD SKSI, B. Bystrica, 9:05-11:15, 79

SvF STU v Blave 25.4.2017




L

IT.

VIIL

“m_(s)

kNcm
cm

Vs

[em]

3 4

%)
—

Nodes
i=0.1..n=35

=0
]

-30.916

[S¥]

5.8
cm L
[ ]1-

18

Elements
r=1.2..n=5

[emeeme ... ---

!

1,904

V= w, =1 [c’m]

......

-0,973

-0,973

prof Ing Ivan Balaz PhD

SvF STU v Blave

SKSI, B. Bystrica, 9:05-11:15,
25.4.2017

80




= & =1 [rad]

2 22 | 16605 < 16,605 17715 | 7347 — - -6645 59,764
2N s A ~ ~ VI = o | hA
i, (s)= 0 SRRl " 29751 Y B
: kY | i \ 20757 V2 '
or k=12.34 ' 51 \ 2
A i /] c,'t
4 sT X , 29751 N
k . LY e [ ] L3.1D .
m,(s)=0 }‘_‘,. e Hi tefl .. &
for k=56 SN B —= 7 | _16.605 RRLTOL 7347 = = 6645 — 7
o 2797 V58 5.9 17.715 o -59.764
(distortions) R Jf 2\ Py 7
— 4 E — J . —
9=] f;, ({?(.S :| S(S ,:.= _‘S@['S } Yr = " Yar
) 4 . =
JV.if;.f- : fg_,- [f’f”] lcmzj [cnﬁ] lcm' I
Spro_ ., .
V=y, =1 [rad]
PR 0.343 -0.218 1768 1768 | o 0.612 0 < | geememmrT «
1.964 % TN, — o —e == el S 1 X = .;,f—""
e O?M‘_lyﬁ) H v 1 ) o ' ~. g'l' T: E!" -0.696 I+; -
T " 0.343 ! . ' N US T N
! " 1 -6352 V6352 e 1= ~
1 ] 1 =<1 L] [}
gl ¥ | af: '
s 2 =| i = 3= ]
] N | ~. -6352 ] \ ] i
: H | IO ' 6352 | =T _ip o0 ‘ )
| et ~ 1 - ~. | A= =Y, I T i
- | v | 0343 MR :-h-g. ~ i 3N 3 40,642 0 S
1.964 ErE 0343 -0.218 i -1,768 7~
: 3BT -0.343 » 1.768
- v TN _
m(s) b °f.,
Sprie . 3
Vie: Jor [em]
6 — — -
4,525 V= }/Dl =1 [" Gd] -0.452
.r - - Py _-_ . - L T :
| |1 el
[ B
\ W7 s 0452
1 Ll “ nl\ m
= A =
‘ H =
6 ' il
1 " o
L. i i
ST [ A S —l,,h}‘ 0.725
= P i
4,525 S i ‘?i‘; s -0,452 1,897
6 ) - Rt 6 Su(s)=—wn,(s) 6 : 6 —
”"s('s.} M f;} (")DE(S,} A D2\ S(S)E_SL”(S) QJ" = XD
6 6 [ 3] . P
Vi “for [em] |lem? | cm [mﬁ lem® |

prof Ing Ivan Balaz PhD
SvF STU v Blave

SKSI, B. Bystrica, 9:05-11:15,
25.4.2017




fu(s) 11 | Zu(s) [em]
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by [rad] 3V [rad] v [rad] 3y [em) 2y [em] Tu(s) [1] 2u(s) [cm] 3u(s) [em] | *u(s) [em?] | “u(s) [em?] | ®u(s) [em?]

dimensions [cm]
displacements [cm]
rotations [rad]
points numbering
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0,303._-_.,( e | 0s0 & ! X

-1,03 30 ' =l S o
021" 0o ST o4 i — 14,744 -147442 0481 1813 -1.8I3

2 s r{. - = wif [ . FIE 2 O [—— 1Il N L . T ' E il ) T g
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cross-section S b E-t3
“fy “f, P — ) Kb M2+ 52 L) K=—— 5
shape k E &= 12 12 (1-v)
n=1 , \ ,
< E-t b
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cross-section RN X E-t?
“fs “f, “C“:—ZK,-b,("f§+“fj—’}; K,=——>
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. R 1t
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_]_ ——1 ——
o R
hi |3 | 0 —.—£L
' 12 1-w
1.'” = e ==
. L b o = h .
LT T 2 =]
10 2 20 \ 3 W t7 b2 1 (Ht+bt)
4 sy S — s — 42— b — = . >
. b | . 12(1-v) 12 12(1-v) 12 144 1-v
Y, ot 1
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4 I

IE . Iz + CEE = 25.871.cm _2 — 9996
IF_".
4 I3

[, = 13 + C3 B~ 123 362-.cm — = (J.8999
Y - I}’
5 11

[, =1,+C = 764.193-cm — = (.9994
W 4 4.B I,
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Steel Cantilever with Thin Walled Cross-Section

Authors: Ing. S.Rendek, prof. Ing. |.Balaz,
CSc.,

Theoretical Calculation of the Beam with Thin Walled Deformable Cross-Section by Generalized Beam Theory

Experiment

Numerical Results vs. Experiment

Influence of Distortion on Cross-Sectional Stresses
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Geometrical Shape of Investigated Cross-Section
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All Units are in millimeters
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Unit Deformations
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2
x
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c
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c
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[

0.929805

dw,/ds

0.368053

G086¢6°0

0.368053

Bending (y axis)

dw/ds

97.548546

29.048547

dw,/ds

Torsion
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Normal Stresses

Force position number 3, Cross-section x = 674 mm.
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Shear Stresses

T, [MPa] [ MPa ]

Force position number 3, Cross-section x = 674 mm.
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Influence of Distortion on Cross-Sectional Stresses

Stress Theory ( with distortion ): Experiment:
[MPa] Positon 1 (03kN) e

Position2 (0.3kN) -
Position 3 (0.3 kN)

Position 1 (0.3 kN)
Position 2 (0.3 kN)
Position 3 (0.3 kN)

50 9
Theory ( without distortion ):
1 e e e e Position1 (0.3 kN)
e e e e Position2 (0.3 kN)
40 1 Position 3 (0.3 kN)

40 =

1 2 < Point Number > 3

Force positions number 1 - 3, Cross-section X = 674 mm.
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STABILITA — TEORIA Il. RADU
* Globalna strat stability, kriticke sily
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I

IEEYW

k21’

. Dlstorzna strata stablllty, Kriticke zatazenle

0.k _
Wfr  0kk i
()

* Lokalna strata stability, kritické napatia
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( .
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Strata stability ohybom

klasicky:

EILw -Nw =

GBT:

Elﬁ;lp.m_l_ OI‘VM}\,:Uan ~0

Zafazenie: 1=0. Tvarvybocenia:j, k=1

Strata stability skruatenim

klasicky:

ELV" -GLVY -Ni;I

GBT:
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033 3

ETV™ GDV + W, 17"=0

a

Zatazenie: i =0, Tvar vybocenia:j, k=3
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Priestorovy vzper

klasicky:

ELv" -NvV-Nzal"=0
ELY -GLW -Nz,Y'-Nii® =0

GBT:

ETY ¢Dv +wlr %K1 =0
j=2.3

Zatazenie:i=0, Tvarvybocema:j,k=2,3

Priestorovy vzper excentricky zt'azeného pruta

klasicky:

EIw™ -N(vT -z, 07) + M,

ELvy™ -N( w0 + M

9") + M,V -
+ M, (W - I )

ELY -GLY -N(z,V" -3w +i

hY

ek L keky, i 1.9 S
ETY ¢ DY +} Y 2 =0
i=0,1.2 j=1.2.3
Zatazenie: i=0.1,2 Tvar vybotema:j, k=1,2,3
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Klopenie nosnika zatazen¢ho koncovym momentom M,
o ELv™ + MO =0
klasicky: :
ELY -GLVY +M,® -2 =0
k=T ~ ek, 1 1k e
- ETv ¢Dv +'w) Y. 1=0
GBT: 7223
Zatazenie:i=1, Tvarvybocenia:j, k=2,3
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RADAC. 6

« Stiahnite si zadarmo program LTBeam
http://Itbeam.software.informer.com/1.0/
CTICM Paris, France

 Stiahnite si zadarmo program ALPHA cr
z TU Innsbruck, Prof. G. Lener
http://www.uibk.ac.at/stahlbau
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Ing. Peter Bucek
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Obr. 4.1 Vypoctovy model: (a) staticka schéma, (b) rozmery prie¢neho rezu;
(¢) oznacenie elementov a uzlovych bodov
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Mode O Mode 1 Mode 2 Mode 3 Mode 4

Mode 5 Mode 6 Mode 7 Mode 9

Obr. 4.3 Jednotkové pretvorenia prieéneho rezu v jeho rovine pre deformaéné tvary 0 az 9.
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1000, -« NJODE 1 k-k
— NODE | v-v
- ... MODE 2 k-k
el l— MODE 2 v-v
e ... MODE 3 k-k
e NODE 3 v-v
8000 MODE 2+3 k-k
g o pos NJODE 243 v-v
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Obr. 6.11 Zavislost kritického napitia o, globalneho vzperu od dizky pruta.
(Dlzka je vykreslena v logaritmickej mierke).
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Obr. 6.9 Zavislost kritického napitia o, distorzného vzperu od dlzky pruta.

(Dizka je vykreslena v logaritmickej mierke).
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8 L L
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—— pasnica v-v £ B A . Ksigma = 5.598
o b vystuha k-k , N
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Obr. 6.7 Zavislost su¢initela vydivania k, tvoriacich stien prierezu od dizky prita. (Dizka je
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Oq | MPa MULTI MODE BUCKLING
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MODE 3
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100

Obr.d.6 Zavislost’ kritického napétia od diiky prita a podiel deformatnych tvarow na vysledne)
deformaci prita pre wybofente v tvare jednej polovlny.
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Odolnosti prierezu kombinovane
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POINTS 2, 4, 6: HORIZONTAL COORDINATES
ARE CROSS-SECTION CLASS DEPENDING
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IMPROVEMENT PROPOSALS FOR EUROCODES

e <1,0 EC3andEC9 PROPOSAL

chl T T .
[ t.Ed f + w.Ed S{,] < l f].
Ty =W o /(W3 | - |
Rd T,p]f() ( M1 ) ‘[ef.r ]m t max ﬁ VMO
Tf Ed [ w,Ed | .
=—< 1.0 it T,z =0 7 < 10101, pg =0
) el t,Rd : el ., Rd
— . _ .1'}
Teg:'f:Rd W;’” \/5 Yrr0 Tei,mﬁd o Fﬁaf,m}' E Viro
]H f ! |
PI/{J{? I ~ | IVEI Jf = ]{1) ST_
rmr:rx O /min
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EC3 and EC9

VFd

< 1,0
vp].T.Rd

for an 1 or H section:

Tk

— 1,25 (f),/‘\/g)hfmo Vpl.Rd

VpI_T.Rd = |1

—  for a channel section:

Vo=l -

pl.T.Rd

Tk Ty Ed Vv
pl.Rd

1,25 (f_\__f\/g)f"}’mu ) (f},/ﬁ)ﬁ( MO

—  for a structural hollow section:

T t.Ed

VpI.T.Rd =|1- \’p|_Rd
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Eﬁ . Plastic Resistance: authors proposal Eq. 10
& Eq. (6.26), 1.25 removed — - — - -
Foo EN 1993-1-1 Eq. (6.26) — — — -
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Continuous Strength Method
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Table 1: Summary of coefficients for CSM material model

C, s (s Cy
Cold-formed steel 0.40 0.45 0.60 0
Austenitic and duplex stainless steel 0.10 0.16 1.00 0
Ferritic stainless steel 0.40 0.45 0.60 0
Aluminium 0.50 0.50 0.13 0.06
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1.4
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EM Plastic Resistance without strenghtening:
E& 1 Baléz-Eq. (.27)[16] o000 0OOOIOIOOIODS
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b) Case o*M + ¢B
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b) Case M, g, t+ negative B,
b,) Case:
Smaller bimoment
a=1n, p=n,(b—u)/u
u>bd2, a>p

b,) Case:
Bigger bimoment

{I'=Tl}ru},(bf_u)3 B=Tl}r
u<bd2, a<p
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