V Praze 18.5.2022

Navrh na robustnost

Marta KURIKOVA Matyas KOZICH,
Zuzana KUBIKOVA a Frantisek WALD

Ceské vysoké uéeni technické v Praze
Mitigation of the risk of progressive collapse

in steel and composite building frames

under exceptional events

sesearch Fund for Coal & Steel s, |CVUT
G A=



/= V7ol 1. Uvod

B M Obsah prezentace

2. Princip navrhu 1. Uvod
3. TFidy nasledku 2. Princip navrhu

4. Identifikované 3. Tridy nasledku
zatizeni

5. Neidentifikované 4. Navrh na identifikované mimoradné zatizeni

zatizeni 5. Navrh na neidentifikované mimoradné zatizeni

6. Vyznam stycnikt 6. Vyznam styénik(i

7. Zavéry

Pozadavky na taznost spoju

Zjednodusena metoda pro spoje celni deskou

7. Zavery

Navrh na robustnost f %f?é e

2



1. Uvod

Moznosti navrhu podle prEN 1991-1-7

Accidental design situation

| A Slabiny:
M Volbanavrhu
M Neni soubor pravidel

Strategies based on identified accidental
actions (e.g. explosions and impact)

Strategies based on limiting the extent
of localised failure

Design the Key element ” e ” ”
structure to rzrc?:ce;gttl'?; Design Enhanced designed to | | Prescriptive ) C hYbI jasny nGVOd'
have . structure to | | redundancy sustain rules o
sufficient action ' sustain the (e g alternative notional (e.g. integrity ja k na I"ObUStnOSt naVI"hOVCIt
minimum (e'%ggi‘fgg"e action load paths) accidental and ductility)
robustness action Ay

= Projekt FAILNOMORE se snazi nedostatky preklenout. V druhé kapitole
prindasi obecny princip navrhu, ktera je zalozena evropské praxi.

= Dale je obecny princip shrnut.
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2. Princip navrhu

A1 Identification of the consequence class of the structure (indicating the enhanced robustness requirements
and/or consideration of accidental actions), collabaration with the client and the relevant authority if appropriate

M Navrh robustnosti T

Yes
Y

I( O n S t r U I( C e j e V e B.1 Identified accidem;ll' actions - collaboration v

- - . C.1 Unidentified accidental actions (enhanced
with the client and the relevant authanty - . . )
' ; . ) ) robustness) possible risk analysis leading to
passible nisk analysis leading to design

vyvojovém diagramu | e ) et

B2 Pre;ren ~— )
—Yes—<_g![r:ninate hazard — ] o _ _ _\C2Design o limitthe _
\.1/ extent of damage “
Mo '
¥

M Vyvojovy diagram je st

7 /i Bl R{?S)esign C.3.a1 Prescriptive| C3b C3c ‘ h
Z a I(I a d e I I I B4 Lohchgl"""m__ ’y 'l C.3a2 ALP JI8 Key elements ) Segmentation
—No—<__ damage _— L | | ;
- - < | | Frrmm i
maonograrie projektu Yes P
T < Acceptable limit g

“~_of damage

_— —_ Mo

Yes

X

—B6 Cr-i-tir:a —
_N0—<__ local damage =Yes =
-H"'\-\.\__.

Yes

- End of design >
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2. Princip navrhu

M T¥i hlavni casti
vyvojového diagramu

A. UrcCeni tridy nasledku danée
konstrukce

B. Postup navrhu
pro identifikované
mimoradne zatizeni

C. Postup navrhu
pro neidentifikovane
mimoradne zatizeni
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A1 Identification of the consequence class of the structure (indicating the enhanced robustness requirements
and/or consideration of accidental actions), collabaration with the client and the relevant authority if appropriate

=

Yes
h 4

B 1 Identified accidental actions - collaboration)

with the client and the relevant authanty
passible nisk analysis leading to design
scenarios

B2 --Prev-é_ﬁ'ﬁ'“'---m._____
[ YesT —gliminate hazq_r_q,----"""‘—

.L_[..--"
No

\/

'B.3 Explicit design (*)]

B.Il Redesign
T I
)
A

v

C.1 Unidentified accidental actions (enhanced-'
robustness) possible risk analysis leading to
design scenarios

v

C.2 Design to limit the|
»

extent of damage

< ™) >

C.3at Prescriptive . C3b ' C3c

B4 L ocal 1 C.3a2 ALP Key elements Segmentation
Y;S 1 - “c4 )
No 1 < Acceptable limit No
c:,f:'B. 5 Accepted \::_f:. 1 __pf_ dam a%;:a__
|
Yes 1
j 1 Yes
__—B.6 Critical ~—___ 1
No~ —_local damage — =Yes =
- End of design >
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Princip navrhu

-w e y w [ A1 Identification of the consequence class of the structure (indicating the enhanced robustness requirements
. I rl h Iavn I ca stl and/or consideration of accidental actions), collaboration with the client and the relevant authority if appropriate

vyvojového diagramu ==

Yes
Y

v

C.1 Unidentified accidental actions (enhanced-'
robustness) possible risk analysis leading to

B.1 Identified accidental actions - collaboration)
with the client and the relevant authanty
design scenarios

A. U rée n i t‘r'l'dy n és led ka | possible risk agi};ﬁf;&sﬂdﬁng to design ) ¢
dané konstrukce <

-.._[ _______

— ) extent of damage
No '

B. Postup navrhu T % s Ay
pro identifikované - I oy vy

Bl R{?S)esign 'i Cc3at Prescriptive. C.3b C3c
A

Mmimoradne zatizeni | o B Lo ¢ ([[Ce2Ate ([ Keyelemenss ) ([ Segmentaon )
C. POStUp ﬂavrhu Y;S No : ::;j::%-.::.%Enj?é‘glellin';i}::j;:; No
pro neidentifikovane —~ :
mimoradne zatizeni N :
_—B.6 Critical 1

No_::'----..___[g:rcal damagg____.---:::

—

- End of design >

process
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3. Tridy nasledku

M Stavebni konstrukce jsou rozdéleny do tfid nasledku,
které odrazi nasledky selhani konstrukce z hlediska:

Ztraty zivota
Zranéeni
Socialnich ztrat

Ztrat na zivotnim prostredi

Hospodarskych ztrat

M Klasifikace zjednodusuje stanoveni rizika,
podle tvyru budovy, vyskou, obsazenosti, materialem konstrukce, ...

Navrh na robustnost
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3. Tridy nasledku

A V priloze A k EN 1991-1-7 a v EN 1990 jsou popsdany tFi tfidy nasledku

Consequence Categorization of building type and

class (CC) occupancy

1 Single occupancy houses < 4 storeys - Agriculltural buildings where CC1: Low consequence for loss of human life, and
people do not normally enter (e.g., storage buildings), greenhouses - _ .. . .
Buildings into which people rarely go, provided at distance 1.5 times small or negllglble one for economic, social or
height away from others environmental aspects

i 5 storey single occupancy houses - Hotels, residential, offices < 4
2a (Lower I’ISk storeys - Industrial < 3 storeys - Retailing premises < 3 storeys and < than
g roup) 1000 m? floor area in each storey - Single storey educational buildings -
Buildings = 2 storeys admitting public with floor areas < 2000 m? at each

storey CC2: Medium consequence for loss of human life

- and considerable one for economic, social or
environmental aspects

H Hotels, residential, offices > 4 storeys but < 15 storeys - Educational
2b (Upper FISk buildings > single storey but < 15 storeys - Retailing premises > 3 storeys
g roup) but < 15 storeys - Hospitals <3 storeys - Offices greater than 4 storeys but
not exceeding 15 storeys - Buildings admitting public with floor areas >
2000 m2 but < 5000 m2 at each storey - Car parking < 6 storeys

Buildings defined above as Class 2a and 2b that exceed limits on area L .

3 and storeys - Buildings to which members of the public are admitted in C_C3'_ '_-"gh consequence fOI.’ loss (?f human.llfe' or
significant numbers (e.g., concert halls, grandstands, ..etc.) - Stadia - significant one for economic, social or environmental
accommodating more than 5000 spectators - Buildings with hazardous aspects
substances/processes

Gesearth Fund for Coal & Steel CVUT
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3. Tridy nasledku

A V priloze A k EN 1991-1-7 a v EN 1990 jsou popsdany tFi tfidy nasledku

Consequence Categorization of building type and
class (CC) occupancy ‘
i
Single occupancy houses < 4 storeys - Agricultural buildings where ‘ ) e
1 people do not normally enter (e.g., storage buildings), greenhouses - ——— - I ' | -
Buildings into which people rarely go, provided at distance 1.5 times el ‘@

height away from others

i 5 storey single occupancy houses - Hotels, residential, offices < 4
2a (Lower I’ISk storeys - Industrial < 3 storeys - Retailing premises < 3 storeys and < than
g roup) 1000 m? floor area in each storey - Single storey educational buildings -
Buildings = 2 storeys admitting public with floor areas < 2000 m? at each
storey

H Hotels, residential, offices > 4 storeys but < 15 storeys - Educational
2b (Upper FISk buildings > single storey but < 15 storeys - Retailing premises > 3 storeys
g roup) but < 15 storeys - Hospitals <3 storeys - Offices greater than 4 storeys but
not exceeding 15 storeys - Buildings admitting public with floor areas >
2000 m2 but < 5000 m2 at each storey - Car parking < 6 storeys

3 Buildings defined above as Class 2a and 2b that exceed limits on area
and storeys - Buildings to which members of the public are admitted in
significant numbers (e.g., concert halls, grandstands, ..etc.) - Stadia
accommodating more than 5000 spectators - Buildings with hazardous
substances/processes
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3. Tridy nasledku

A V priloze A k EN 1991-1-7 a v EN 1990 jsou popsdany tFi tfidy nasledku

Consequence Categorization of building type and

class (CC) occupancy

1 Single occupancy houses < 4 storeys - Agricultural buildings where
people do not normally enter (e.g., storage buildings), greenhouses -
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and storeys - Buildings to which members of the public are admitted in
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accommodating more than 5000 spectators - Buildings with hazardous
substances/processes
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3. Tridy nasledku
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3. Tridy nasledku

A V priloze A k EN 1991-1-7 a v EN 1990 jsou popsdany tFi tfidy nasledku

Consequence Categorization of building type and

class (CC) occupancy

1 Single occupancy houses < 4 storeys - Agricultural buildings where
people do not normally enter (e.g., storage buildings), greenhouses -
Buildings into which people rarely go, provided at distance 1.5 times
height away from others

i 5 storey single occupancy houses - Hotels, residential, offices < 4
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g roup) 1000 m? floor area in each storey - Single storey educational buildings -
Buildings = 2 storeys admitting public with floor areas < 2000 m? at each
storey

i Hotels, residential, offices > 4 storeys but < 15 storeys - Educational
2b (Upper risk buildings > single storey but < 15 storeys - Retailing premises > 3 storeys
g roup) but < 15 storeys - Hospitals <3 storeys - Offices greater than 4 storeys but
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3. TFidy nasledku

M Vsechny stavebni konstrukce nelze presné zaradit

= Zdravy inzenyrsky nazor

A Dalsi doporuceni jsou kapitole 3 Prirucky pro navrh FAILNOMORE

Navrh na robustnost
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3. Tridy nasledku

M Trida nasledki umoznuje stanovit postup ovéreni
robustnosti

M T¥ida nasledku1(CC1):

Postacuje navrh unosnosti podle evropskych navrhovych norem

M T¥ida nasledku 2 a 3 (CC2a, CC2b a CC3):

Oveéreni robustnosti predpoklada specificke pristupy,
od jednoduchych normativnich pravidel
az po pokrocCilou analyzu rizik a komplexni analytické nebo numericke reseni

| Navrh na robustnost



3. Tridy nasledka

M Po stanoveni tridy nasledku uréi projektant ve spolupraci
se zadavatelem a prislusnymi organy
potencialni hrozby a scénare mimoradného zatizeni

A Identifikace hrozeb a prislusnych scénaru umozni

projektantovi prijmout
M Navrh primo na konkretni identifikovatelne zatizeni a/nebo

M Konstrukcnireseni, ktereé rozsah poskozeni neidentifikovatelné mimoradnou
udalosti omezi

Ml Pro CC3 se obecné vyzaduje uplné hodnoceni rizik

Navrh na robustnost
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Princip navrhu

w e yF w [ ] A1 Identification of the consequence class of the structure (indicating the enhanced robustness requirements
. I rl h Iavn I ca stl and/or consideration of accidental actions), collaboration with the client and the relevant authority if appropriate

vyvojového diagramu -

Yes
Y

v

C.1 Unidentified accidental actions (enhanced-'
robustness) possible risk analysis leading to
design scenarios

B 1 Identified accidental actions - collaboration)
with the client and the relevant authanty

A. UrcCeni tridy nasledku dané B
konstrukce _ermem— R

— 'es_fk--.._;:[il'ninate hazq_r_d,---":::*— >C_2 Design to limit the|
_— extent of damage

B. Postup navrhu 1

pro identifikované 3 Exlct deson )

.Lic‘?—i

mimoradné zatizeni wa S| HERT ) TN T
—No— gamage _— | i ——— —
, i 2
C. Postup navrhu e P
pro neidentifikované <>
mimoradne zatizeni e

BB Criical
No~ —_localdamage —

-

—

End of design >

-

process

¢vuT
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4. Identifikované mimoradné zatizeni

A1 Identification of the consequence class of the structure (indicating the enhanced robustness requirements

. OVé‘r'l' se mOi nost and/or consideration of accidental actions), collaboration with the client and the relevant authority if appropriate

preventivnich a/nebo Nc,

Yes

ochrannych opatreni . ; ¢

B 1 Identified accidental actions - collaboration)

C.1 Unidentified accidental actions (enhanced-'
robustness) possible risk analysis leading to
design scenarios

v

C.2 Design to limit the|
) 4

ke s n I'ie n I' ne bo z m I'rnén I' with the client and the relevant authanty

passible nisk analysis leading to design
scenarios

mimoradnéeé situace

J'BE Prevent! —
s | —¢liminate hazard —

~— extent of damage |

___________________________________________________________

No 1
P I 2 I

M Pokud lze zatizeni zabranit, lze === Ik T
navrh na tuto konkretni hrozbu | SR D
(

ha - 1 ¢ .C.S_a1 Prescriptive. < CI-3-b s Cic
o A ; C.3a2 ALP . ey elements || Segmentation |
ukoncit N~ gamage > | g b — 1 1 ¢
Y;S 1 C.4
e ' < Acceptable it No
e ’ ~ B.5Accepted . of damage
M Pokud lze zatizeni pouze !
. . -~ . |
omezit, je treba posoudit oy !
86 Critical —__ 1

moznou hrozbu explicitne 16— ocaldamage > =¥es =

o __I End of design F

1 process
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4. Identifikované mimoradné zatizeni

A1 |dentification of the consequence class of the structure (indicating the enhanced robustness requirements

y
. N quh and/or consideration of accidental actions), collaboration with the client and the relevant authority if appropriate

na mimoradnou situaci Nc,

Yes
¥

v

|.C.1 Unidentified accidental actions (enhanced .'
robustness) possible risk analysis leading to

N

: § , R
M Pokud nedojde k poskozeni, i e chocs s e et oty

-4 =7 possible risk analysis leading to design ) ;
n avrh Se u kO n CI scenarios design scenarios
B v
82 Prevent f \
. . , _Yes_:'=---.._g[LTFnate ha_z__i_‘:!_r__c 1 Mo oo >C_2 Design to limit the|
M Pokud dojde k poskozeni, T extent o damage

MNo

Ktere je neprijatelne, M
- konstrukci je tieba [ 2 ovictoesof:

p re p racovat B4Loc‘.&ﬂ ! © S_Sjszrzes;[:gtive ( Key gi:ﬁﬁents 1 Segriégrifation . "
N0_:"5::.._____5____-?1-amage________ = .,____________________E___________________________________ i________-_-_-_-..-_-.-.-.-.—.—.—.—:.[:.—:.—:.—:-;-:'
. PO k u d d OJ d e & Accep?agnle Ilr'nlt > NG

. of damage

K prijatelnemu poskozeni, je jej
treba omezit podobnée jako !
u neidentifikovatelné e ! e
mimoradne situace

NDI_:'“'----..___!{:_)::aI damage

4 End of design I_,

I process I
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4. Identifikované mimoradné zatizeni

M Navrh na identifikované mimoradné zatizeni
Ize opirat o analytické a/nebo numerické metody

B Uroven pokroéilych metod zavisi na tridé nasledki

M Pro CC2 lze pouzit normativni postupy nebo zjednodusenou analyzu
pomoci statickeho ekvivalentniho zatizeni

M Pro CC3 mohou byt pozadovany pokrocile metody (dynamicka
analyza, nelinearni modely...).

Navrh na robustnost
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4. Identifikované mimoradné zatizeni

A V kapitole 4 se uvazuji ctyri mimoradné zatizeni
M Naraz
M Vnitrni a vhejsi vybuch
M Pozar jako mimoradne zatizeni
B Zemetreseni jako mimoradne zatizeni

M Voli se ruzné pristupy s ruznou urovni propracovanosti

Al Jsou predstaveny ve zvlastni prezentaci

Navrh na robustnost

23
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Princip navrhu

M T¥i hlavni Easti

A1 Identification of the consequence class of the structure (indicating the enhanced robustness requirements
and/or consideration of accidental actions), collabaration with the client and the relevant authority if appropriate

-

————

vyvojového diagramu

A. UrcCeni tridy nasledku
dané konstrukce

B. Postup navrhu
pro identifikované
mimoradne zatizeni

C. Postup navrhu
pro neidentifikované
mimoradne zatizeni

Gesearch Fund for Coal & Steel
Navrh na robustnost
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B 1 Identified accidental actions - collaboration)

with the client and the relevant authanty
passible nisk analysis leading to design
scenarios

J'BE Prevent/ —
[ Yes™ —_eliminate hazard — E

+

No

\/

I
1
, I
'B.3 Explicit design (*)] 1
' [
1
I

B.Il Redesign
) ]
A

B4 Llocal
- No—< ~

__ damage 1

~
Yes

&g

o

" T~ No
< B.5 Accepted —>—

Yes

_---’Y"---_
_—B6 Critical
No_'“----..___chal damage -

-

Toem mmog e

—

v

C.1 Unidentified accidental actions (enhanced-'
robustness) possible risk analysis leading to
design scenarios

v

>C.2 Design to limit the
extent of damage

< (™) >

'i C.3af Prescriptive I C3b ' C3c
B C.3.a2 ALP Key elements || Segmentation |

< Acceptable limit No
of damag_g__
Yes
Tna o aesign .
process -
CVuUT
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5. Neidentifikované mimoradné zatizeni

M Navrh pro neidentifikovana zatizeni je zalozen
na omezeni rozsah lokalniho poskozeni

M Metoda alternativniho preneseni sil (Alternative Load Path, ALP)
M Metoda klicovych prvku

M Metoda segmentace

M Pokrocilost navrhu se pohybuje od zjednodusenych analytickych
modell az po sofistikované pIlné nelinearni analyzy

% Navrh na robustnost



5. Neidentifikované mimoradné zatizeni

M Pro CC2a normaEN 1991-1-7
navrhuje ucinnym systémem

vodorovného spojeni

(Horizontal Tying systém),

ktery je normovan

Navrh na robustnost
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A1 Identification of the consequence class of the structure (indicating the enhanced robustness requirements
and/or consideration of accidental actions), collabaration with the client and the relevant authority if appropriate

-

Yes
Y

v

B 1 |dentified accidental actions - collaboratio

with the client and the relevant authanty

e e e I robustness) possible risk analysis leading to

n -C.‘I Unidentified accidental actions (enhanced'
design scenarios

scenarios Y,
B2 Pre;ren ~—_ ¢ ™
_Yes_<_g!l[ninate hazard — <] e C.2 Design to limit the _
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5. Neidentifikované mimoradné zatizeni

A1 Identification of the consequence class of the structure (indicating the enhanced robustness requirements
and/or consideration of accidental actions), collabaration with the client and the relevant authority if appropriate

M Pro CC2b norma EN 1991-1-
7 navrhuje ucinnym
systémem vodorovného

spojeni (Horizontal Tying

systém),

ktery je normovan
nebo

oveéreni vyjmutim prvku
= metoda ALP

-
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Y
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5. Neidentifikované mimoradné zatizeni

A1 Identification of the consequence class of the structure (indicating the enhanced robustness requirements
and/or consideration of accidental actions), collabaration with the client and the relevant authority if appropriate

M Pro CC3 -

h

v

C.1 Unidentified accidental actions (enhanced'
robustness) possible risk analysis leading to
design scenarios

v

B 1 Identified accidental actions - collaboration

S e d O p O r u (\:, UJ e Vy u 2 Ilt with the client and the relevant authority

passible nisk analysis leading to design
scenarios

—Yes—<_g![r:ninate hazard — ] C.2 Design to limit the

metodu ALP e % i

\-T/ extent of damage
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5. Neidentifikované mimoradné zatizeni

M Pokud ztrata nosného
prvku zpuUsobi zficeni celku,
jedna se o klicovy prvek

M Navrh se zaméri
na mistni zvyseni Unosnosti
klicového prvku
Pro uvazovanou
mimoradnou udalost

A1 Identification of the consequence class of the structure (indicating the enhanced robustness requirements
and/or consideration of accidental actions), collabaration with the client and the relevant authority if appropriate

-

Yes

" }
B1 It_jentlﬁed _acmdental ASONS - collabo_ratlon -C.‘I Unidentified accidental actions (enhanced'
with the client and the relevant authanty - . . )
' ; . ) ) robustness) possible risk analysis leading to
passible nisk analysis leading to design . N
. design scenarios
scenarios Y,
B2 Pre;ren ~—_ ¢ ™
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5. Neidentifikované mimoradné zatizeni

A1 Identification of the consequence class of the structure (indicating the enhanced robustness requirements
and/or consideration of accidental actions), collabaration with the client and the relevant authority if appropriate

M Alternativou je segmentace

M Cilem segmentace
je zabranit nebo omeazit
pocatecni poskozeni
tim, ze se
poruchova cast konstrukce
oddéli od zbyvajici konstrukce

M Segmentaci lze zalozit na
slabych nebo silnych
pripojich prvku

-

Yes
Y

with the client and the relevant authanty
passible nisk analysis leading to design

B 1 Identified accidental actions - collaboration
SCENarios

) Preven —

v

-C.‘I Unidentified accidental actions (enhancecl'
robustness) possible risk analysis leading to
design scenarios
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5. Neidentifikované mimoradné zatizeni

M Moznosti navrhu jsou uvedeny

v kapitole 5 monografie FAILNOMORE

M Jsou dale popsany v resenych prikladech

Navrh na robustnost
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# F/Enol 6. Vyznam styéniku

1. Uvod
2. Princip navrhu M Obsah prezentace

3. Tridy nasledku 1. Uvod
4. Identifikovane 2. Princip navrhu
zatizeni 5 . cledke
5. Neidentifikované 3 Trldy nasledku
zatizeni 4. Navrh na identifikovaneé mimoradné zatizeni

6. Vyznam stycniku 5. Navrh na neidentifikované mimoradné zatizeni

7. Zavéry

6. Vyznam stycniku
Pozadavky na taznost spoju

Zjednodusena metoda pro spoje celni deskou

7. Zavery
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6. Vyznam styéniku

A Structural joints are important structural elements influencing the
global response of a steel or composite building

M A joint can be classified in terms of stiffness, resistance and

ductility:
stiffness Ductility
Nominally pinned Nominally hinged Brittle
Semi-rigid Partial-strength Ductile for plastic verification
Fully rigid Full-strength Ductile for plastic analysis

Navrh na robustnost
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6. Vyznam styénika

M The component method is the analytical method recommended in EN
1993-1-8 and in EN 1994-1-1 for the characterisation of steel and composite
joints in terms of stiffness, resistance and ductility

M The calculation of these joint properties is basically possible, whatever is
the applied loading but:
M the codes are only providing precise application rules for joints subjected to bending

moments while, under accidental/exceptional events, interactions between bending
moments and axial forces may develop at the level of the joints

M the joint loading sequence under accidental/exceptional events usually differ significantly
from those considered at ULS

M In the FAILNOMORE Design Manual, methods allowing for an accurate
prediction of the joint properties when subjected to M-N interaction are
provided in Annex A.1
These rules are not detailed in this presentation

Navrh na robustnost
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6. Vyznam styéniku

M Ohyboveé tuhé sty¢niky s plnou Unosnosti prvkll umoznuji zanedbat jejich vliv
na rozlozeni vnitrnich sil a na celkovou unosnost. Obvykle se jedna o
neekonomické reseni.

M Pro plastickou globalni analyzu, se vyhybame vzniku plastického kloubu ve
styCniku.
V prvku v pfiléhajicim k prifezu je tfeba dat pozor na horni mez pevnosti oceli
a uvazovat s duktilitou spoje prfipadné s jeho zvysenou unosnosti.

Resistance

Pokud sty¢nik neni navrzen se
zvySenou unosnosti je treba
pocitat robustnost!

Nominaly hinged
Partial-strength
Full-strength
Over-strength With fo, = L1 X o, X f;,

e Navrh na robustnost



6. Vyznam styéniku

M Under exceptional events, it is generally required to take advantage from the
development of large deformations and from the ultimate resistance of the
material with the objective of finding a new state of equilibrium in the deformed
shape after an event

M So, ductility and large deformation capacity are seen as important properties
to be provided to the structural joints

Ml Regardless the nature of the event or of the adopted design strategy, the
preliminary design of all structural joints for ductility appears as a prerequisite
(except for over-strength joints)

Ductility

To achieve it, minimum ductility requirements

Brittle which should be all the time respected by the
Ductile for plastic verification joints are provided in the FAILNOMORE Design
| Ductile for plastic analysis | Manual

Navrh na robustnost
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6.1 Pozadavky na taznost spoji

M The objective is to avoid the activation of brittle joint components at
failure

M For pinned joints, requirements are expressed for the welds and for the
bolt diameter

M For the welds, the use of full penetration or full-strength welds is recommended
= Design criteria to guarantee the full-strength character of welds are provided in the
FAILNOMORE Design Manual

M For bolts in tension, it is recommended to respect the design criterion provided in EN
1993-1-8 which links the diameter “d" of the bolt to the thickness "t" of the component in

bending t < 036d 7 This criterion guarantees the activation of a ductile
= fub/ Ty failure mode at the level of the component in bending

M Moreover, to allow a sufficient rotation, detailing requirements specific for pinned joints
are also provided in the FAILNOMORE Design Manual

Geseaﬂ:h Fund for Coal & Steel
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6.1 Pozadavky na taznost spoju

M For partial-strength joints:
M the use of full-penetration or full-strength welds is also recommended

M |If a component in bending is activated at failure, it is also recommended to respect
the design criterion provided in EN 1993-1-8 which links the diameter "d" of the
bolt to the thickness "t" of the component in bending

M Failure modes “column web in transverse compression” and “beam flange and
web in compression” should be avoided as they involve local instability

phenomena
M some specific recommendations are also provided
for partial-strength composite joints regarding: e o band
M The properties of the rebars to be used in the vicinity of the
joints ﬂ -
g

M The positioning of the first shear stud to be kept at a certain
distance from the column

Gesearth Fund for Coal & Steel

Navrh na robustnost



6.1 Pozadavky na taznost spoju

M For full-strength joints:

M The same recommendations as for partial-strength joints apply as the connected
members may exhibit an overstrength which could lead to the activation of the
joints at failure

M For over-strength joints:
M There is no specific requirement

A As stated in the title, these propositions have to be seen as
minimum ductility requirements
Addition requirements, more specific to the adopted design
strategy, may also have to be respected

Navrh na robustnost
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6.2 Spoje celni deskou

M An alternative to the previously presented
criteria the simplified method proposed by

Rolle can be used:
A User friendly
Ml Easy characterisation of joint
Ml Guarantee of ductility through simple constructive criteria
M Total joint rotations >80 mrad
M Aims to reach an optimal Mode 2 failure
A \/alidated by experiments

M Applicable for:
M Flush and extended endplate all-steel joints
M Steel concrete composite joints - 2 bolt rows
M Both plastic & ultimate joint moment resistance
M Partial strength joints: M; ;1 rg < 0,7 - Mp p1ra

Navrh na robustnost
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6.2 Spoje celni deskou

Simplified method of Rolle — how it works

)
C
9 M The product of bolts' tensile strength and relevant lever
° arm (Fyrq- z) assumed to predominantly define M;
5
— M Additional parameters influencing M; considered
o through a correction factor
# B tgp-terfy 0.25
o Kjeep) = 0,75-1,95- (m.mx.fuB)
=
2,
9 M Finally, moment capacity given by a simple formula:
‘»
o — * 1
g M ira = 0,9 Fypg-kj-zW
(o]
(&)

M; = F"(rq * Z1+FrFTRA * Z2 (ICase of extended all-steel joint

we| Navrh na robustnost



6.2 Spoje c¢elni deskou

Simplified method of Rolle — ductility criteria

B Strength of column guaranteed through simple
@ O geometrical criteria
ava
t
@ A Highly ductile joints achieved through simple £ EP/dB <065
E ) construction criteria for the components of joints E, f, < §355
% fuB > 8.8
M Consideration of horizontal distance m for the ductility 5 - > 3.0d,
criterion of stiffened T-stub ©
E,) m, = ZSdB
Q O G hbeam < 500
[ < \ fuB m m3
tgp < 0,33 -dg - r \/(2,5d3> : /2,0(13

“The criteria limits are linked to the specified range of steel grades for which tests were available,
but it should not be concluded that the higher steel grades do not allow for high ductility

Navrh na robustnost
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6.2 Spoje celni deskou

Simplified method of Rolle — Application in 3 steps

Al Step 1 - Selection of column profile on basis of simple geometrical criteria

Ml Step 2 - Selection of the joint components with the help of simple ductility

criteria for the T-stub
Al Step 3 - Derivation of moment resistance:

M;j = F'¢ra " Z1 + FRrTRd " Z2

Navrh na robustnost
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6.2 Spoje c¢elni deskou

Simplified method of Rolle — Application step 1

Column profile - range of validity

. . \/ dB 3 35 uB
Column web in compression 1000

B ;
Column web in tension twe > 0,092 - dg - fu i
dzB ’ fuB
Column web in shear twe > 1,12
h - fy,C

"See Annex A.3.1 in FAILNOMORE Design manual
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6.2 Spoje c¢elni deskou

Simplified method of Rolle — Application step 2

Ductility criteria for T-stub

Punching shear - lower limit t,, tgp = 0,186 - dy - fup
u,EP
Ductility — upper limit t fus m m,
f stiffened T-st tgp < 0,33 -dg -+ |/ :
(case of stiffened T-stub) Ep < B fy <2,5d3> 2.0,
V
Upper limit t, fug - m
fOI’ 0,9 ° tEP < th < tEP th S 0,4 ° dB ° f i 2 Sd
(case of unstiffened T-stub) y “~7B

"See Annex A.3.1 in FAILNOMORE Design manual
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6.2 Spoje celni deskou
Simplified method of Rolle — Application step 3

Derivation of moment resistance

Plastic joint resistance M, ird = 0,9 Fipa - Kj-Z1 + Frperra * 22
0,25
tep " tey 'fy) ’

- : i =0,75-1,95- <10

Joint correction factor j(EEP) (m My fu
. . 0,9 - - A
Bolt tension load capacity Fipg = Jus - 4s
' Ym2
. : . sk = As
Tension load capacity of steel rebars Ft RFT RA = y—
S

"See Annex A.3.1 in FAILNOMORE Design manual
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6.2 Spoje celni deskou

M - Longitudinal reinforcement RCT

Wier

+ —
_ _ Wger + Wewe Pjavailable =
‘pj,available - 7

A Simplified method of Keller — deformation capacity of joints
M User friendly
Ml Easy estimation of the deformation capacity both for hogging and sagging moments

M Validated by experiments ‘See Annex A.4.2 in FAILNOMORE Design manual

Navrh na robustnost
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AL 7. Zavery

1. Uvod
2. Princip navrhu M Obsah prezentace

3. Tridy nasledku 1. Uvod
4. Identifikovane 2. Princip navrhu
zatizeni 5 . cledke
5. Neidentifikované 3 Trldy nasledku
zatizeni 4. Navrh na identifikovaneé mimoradné zatizeni

6. Vyznam stycniku 5. Navrh na neidentifikované mimoradné zatizeni

7. Zavery

6. Vyznam stycniku
Pozadavky na taznost spoju

Zjednodusena metoda pro spoje celni deskou

7. Zavery
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7. Zavery

M \/ prezentaci byla predstaven princip navrhu unosnosti
shrnuty v materialech projektu FAILNOMORE

M Pozornost byla vénovana spojum, které jsou pro
unosnost klicové.
Jsou popsany minimalni pozadavky na duktilitu.

M \ dalsich prezentacich budou popsan ukazany na
praktickych prikladech postupy navrhu na robustnost

Navrh na robustnost
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V Praze 18.5.2022

. |
Dekuji! Dank je! Thank you! Merci E .

Dankeschon! Grazie! Dziekuje Ci! .
Obrigado! Multumesc! Gracias!

steelconstruct.com/eu-projects/failnomore

sesearch Fund for Coal & Steel - .
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Marta KURIKOVA, Matyas KOZICH,
Zuzana KUBIKOVA a Frantisek WALD
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