UNIversita di NApoli “Federico II”

COSTRUIRE IN ACCIAIO
IN ZONA SISMICA

LECCE
13 novembre 2017

Campus Ecotekne — Corpo Y, Aula Y-1

Prof. Raffaele Landolfo




1. Considerazioni introduttive

2. La normativa e la ricerca

3. What’s next?

4. Conclusioni




1. Considerazioni introduttive

2. La normativa e la ricerca

3. What’s next?

4. Conclusioni




1. Considerazioni introduttive

EMILIA, Maggio 2012
M=D5.8

CENTRO ITALIA, Agosto 2016 — Gennaio 2017
M= 4.5+ 6.0

LAQUILA, Aprile 2009
M=6.2
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1. Considerazioni introduttive

Situazione globale:

- 40% interessa le aree popolate

-  Numerose perdite umane ed economiche ogni anno
- Impatto significativo sugli interessi globali
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1. Considerazioni introduttive

Il rischio sismico

Il termine “rischio” si riferisce alle perdite attese di un dato elemento rispetto ad un
possibile danno.

Il rischio sismico é la probabilita che un terremoto, in base alla complessita del danno
sismico e della vulnerabilita degli elementi a rischio, provochi perdite di vite umane,
perdita di edifici o delle loro funzioni.

Probabilita che un evento sismico di data
intensita si  verifichi, in uno specifico
territorio, durante periodo di riferimento
temporale predeterminato.

RISCHIO Persone e/o beni che potrebbero subire un
-_{ ELEMENTI ESPOSTI ] danno a seguito dell’'evento calamitoso.

-{ PERICOLOSITA’SISMICA ]

rischio ad essere danneggiato a seguito diuna

] Predisposizione di un elemento esposto a
scossa sismica.

‘{ VULNERABILITA’
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1. Considerazioni introduttive

Il rischio sismico

MITIGAZIONE DEL RISCHIO SISMICO
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Stima della Riduzione
pericolosita della vulnerabilita degli elementi a rischio
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1. Considerazioni introduttive

Il rischio sismico

£,

ISTITUTO NAZIONALE DI GEOFISICA E VULCANOLOGIA

Mappa di pericolosita sismica del territorio nazionale
(riferimento: Crdinanza PCM del 28 aprile 2006 n.3519, All. 1b)

Espressa in termini di accelerazione massima del suolo
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Costruire in acciaio in zona sismica

La sismicita della penisola italiana & legata
alla sua particolare posizione geografica.

Fents: INGT

L'ltalia & infatti situata nella zona di
convergenza tra la zolla africana e
guella eurasiatica.

Dall’'andamento di tale frattura si evince
perché in Italia, solo la Sardegna sia
immune dai terremoti.

La sismicita & concentrata nella parte

centro-meridionale della penisola ed in
alcune aree settentrionali
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1 « Considerazioni Introduttive

Performance Based Seismic Design
A

Base shear

p  Structural displacement

1. SLO (Stato Limite di Operativita): la costruzione nel suo complesso,
non deve subire danni ed interruzioni d'uso significativi

2. SLD (Stato Limite di Danno): la costruzione nel suo complesso, subisce GlE
danni tali da non mettere a rischio gli utenti e da non compromettere
significativamente la capacita di resistenza e di rigidezza nei confronti
delle azioni verticali ed orizzontali

3. SLV (Stato Limite di salvaguardia della Vita): a seguito del terremoto la
costruzione subisce significativi danni dei componenti strutturali

4. SLC (Stato Limite di Collasso): a seguito del terremoto la costruzione
subisce gravi rotture e crolli dei componenti non strutturali
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1 « Considerazioni Introduttive

Costruire in acciaio in zona sismica

“Buildings of structural steel have performed
excellently and better than any other type of
substantial construction in protecting life
safety, limiting economic loss, and minimizing
business interruption due to earthquake-
induced damage”

Yanev, P.l., Gillengerten, J.D., and Hamburger, R.O. (1991). The
Perfarmance of Steel Buildings in Past Earthquakes. The
American Iron and Steel Institute
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1. Considerazioni introduttive

Perche
le costruzioni in acciaio
resistono bene
al sisma

Prof. R. Landoifo
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1. Considerazioni introduttive
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Costruire in acciaio in zona sismica

T e -

Peculiarita delle strutture in acciaio

Resistenza
Duttilita
Leggerezza

Strutture
in acciaio

Altre

strutture

|

Prof. R. Landoifo




1. Considerazioni introduttive

La |egge rezza Rendimento o grado di efficienza del materiale (m)  free breaking length
" - A
» f, resistenza di progetto [FL] Gy,
1
- o L
: /| * v pesospecifico [FL?3] l 2
Chi vincera ? | lm ¥
}" N.B. L, rappresenta |'altezza teorica che pud raggiungere una torre realizzata i 2|

v, con un preassegnato materiale primache il suo peso la porti a rottura
.
— /"r ; e MI5; 5,40
_J —=&¢ 300 Muratura | 1
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C.a. ordinario ::e:-zi.s::::za
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Legho
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1. Considerazioni introduttive

La duttilita

1. Duttilita di materiale

A 4

2. Duttilita di sezione

b 4

3. Duttilita di struttura

Costruire in acciaio in zona sismica

4. Distribuzlone relativa al primo modo

Tormarzione di cerniere
iplastiche

: I Rotazione plastica richiesta

R

6.;' ‘S;u(m‘ @mﬁ 6;
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1. Considerazioni introduttive

La leggerezza

Incidenza del peso

0.20 = 0.40 0.45 = 0.75 2.00 = 3.00 7.00 = 11.00

(*) Confronto sulle incidenza per unita di superficie del sistema strutturale ad esclusione dei solai
(ovvero del solo scheletro
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I UNINA

1. Considerazioni introduttive

La duttilita
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1. Considerazioni introduttive

l'importanza di una corretta progettazione

Parking garage on St Asaph St and Antigua St, Christchurch
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2. La normativa e la ricerca

I UNINA

ECCS code 1991

* This activity started in 1980's

* First EU seismic code:

ECCS code 1991

European for Recommendations
for Steel Structures in Seismic Zones

Costruire in acciaio in zona sismica
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2. La normativa e la ricerca

Eurocode 8 (EN1998-1)

EUROCODES

BUILDING THE FUTURE

Eurocode 8:
Design of structures for earthquake
resistance.

Part 1. General rules, seismic actions
and rules for buildings

- a

Costruire in acciaio in zona sismica

CUROFPCANSTANDARD EN 1998-1
NORMFE FUROPFFENNF
EUROPAISCHE NORM December 2004

IS 9112025 Supersedes CNY 1998-1-1:1994, ENV 1998-1-2:1994,
ENV 1998-1-3:1995

English varsicn

Eurocode 8: Design of structures for earthquake resistance -
Part 1: General rules, seismic ections and rules for buildings

Eurpeode B Caloul des sirusturas poun |eur “8sistancs sux Euracods B Ausiegungvon Bauwarkan gagen Erdoeben -
waEmes « Parhe 1 Heégles clndrates, achons sisrisgees sl Tl 1. Grursleger, Erdbeabe nesrmw ik unpen und Regaln s
rigles pour bes bAtiments Hoshbaudsn

This Europesn Slandard was appeoved by CEN on 23 Apnil 2304

for givirg this Europasn
& GonGeming such nekiona

oo W eomphy with the CEMICEMNZLEC Infemeal Ragulalions
e slalus of a nakanal elarndard withoul any alerabon Up-todats Is
rJh may bie oblainsd on epplicabon o be Canlrd Becial ﬂm% or 1 any (

shiputate e condiic
sgraphical fofe

THs Ewropasn Slandard exisls in e ee olbcal versmns{Engish, French, Geman) A versionin any ofher language mace by ranstabon
unades e responsbiity o1 8 SEN membar i s own language and noakad o Mo Genral Seorelarial has he same s1aus as the oftsa

VIHOTS

CEN memibers ara (e mional stendands bodies of Austria, Befgum. Crones. Czech Republiz, Denmark. Esloréa, Sinkand. Franos
Eamany, Gesce, Hungary, kelatd, refand Naly, Latva, Litbuani, Luembourg, Malts, Nelherlands, Nomway, Poland, Parugsl, Slovakia,
Souena, Bpain, Swaden, Swittoriand and Led Kingdom

EURGEEAN COMMITTEE FOR ETANDARDLRATICH
COMITE EUROPEEN DE WORMALISATION
EURQPAIECHES KOMITEE FOR MORMUNO

Management Centre: rue de Slassarl, 36 B-1050 Brusssis

2004 CEN Al nghis of explodalonin ary fom and by any means reserved Rel Mo, EM 1598-1 2004 E
W dwide for GEM national Membars.
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2. La normativa e la ricerca

D.M. 14-01-2008 ‘Nuove Norme Tecniche Costruzioni

)
Q 7. PROGETTAZIONE PER AZIONI SISMICHE

IL MINISTRO DELLE INFRASTRUTTURE
d: concerto con
IL MINISTRO DELLINTERNO
econ

IL CAPO DEL DIPARTIMENTO DELLA PROTEZIONE CIVILE

7.5 COSTRUZIONI D’ACCIAIO

7.5.1 Caratteristiche dei materiali

7.5.2 Tipologie strutturali e fattori di struttura

7.5.3 Regole di progetto generali per elementi strutturali dissipativi

7.5.4 Regole di progetto specifiche per strutture intelaiate

7.5.5 Regole di progetto specifiche per strutture con controventi concentrici

7.5.6 Regole di progetto specifiche per strutture con controventi eccentrici

Prof. R. Landoifo
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2. La normativa e la ricerca

I UNINA

Design concept and safety verifications

EN 1998-1-6 2 DESIGN CONCEPTS 3 DUCTILITY CLASSES

‘W n

d

Low dissipative DCL {low)
structural

behaviuor
Specific rules for

T *
steel buildings ap / DCM (medium)

Dissipative
structural
behaviuor : DCH {high)

* For the design of non dissipative steel structures see: EN1993

SEVERAL BEHAVIOUR FACTORS

| g=f (structural type) |
and g<4

q=f (structural type)
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2. La normativa e la ricerca

Fattori di struttura

NTC 08 2 FILOSOFIE 2 CLASSI DI DIFFERENTI FATTORI
DI PROGETTO DUTTILITA DI STRUTTURA
Non dissipative | > q=1
Progetto delle / ._ _
strutture in q=Ff (funzione della
accialo Bassa CD'B" ——p tipologia strutturale)
eq< 4
/ Dissipative y _J
VAn \ q=f (funzione della
4 Alta CD'A tipologia strutturale)

Prof. R. Landoifo
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2. Criteri di progetto per le strutture di acciaio

Il Capacity Design

e In un approccio alle forze, si controlla il
meccanismo di collasso distribuendo in
modo opportuno le resistenze

e Lle zone dissipative (zone critiche)
fungono da fusibili favorendo la formazione
di meccanismi di collasso globali

e Le parti non dissipative ed i collegamenti
delle parti dissipative al resto della
struttura devono possedere sufficienti
sovraresistenze

Strutture in acciaio sismoresistenti: criteri di pr

I i sz, £
a) Strutture intelaiate

tto ¢ riferimenti normativi

Prof. R. Landolfo




2. La normativa e la ricerca

Moment Resisting Frame (MRF)

SOVRARESISTENTE
(Gerarchia locale)

4p

(-)_ Vea LM, g

i

SOVRARESISTENTE
— (Gerarchia globale)
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3. La ricerca

Concentric Braced Frames {CBF)

SOVRARESISTENTE
(Gerarchia globale) — "
1

inEEEERm
iEEEREEEl
[FEERERNI
iIrERENm
IENENENNI
ITFNEERRY i
L
4

SOVRARESISTENTE

© Raffaele Landolfo (Gerarchia |oca|e) '
© Raffaele Landolfo

J/Rd'lv]'Npﬁ,Rd

Prof. R. Landoifo
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3. La ricerca

Eccentric Braced Frames {EBF)

SOVRARESISTENTE
(link corto) (Gerarchia globale)

1,5 V"R“I l 1,5 Vrq

© Raffaele Landolfo

SOVRARESISTENTE

{Gerarchia locale) \ \

Najot Ve L1L5V, pyosence “ /5
© Faffaele Landolfo
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2. La normativa e la ricerca

Tipologie strutturali e fattori di struttura

Moment Resisting Frames (MRF) Diagonal Braced Frames [CBF) V Bracing (CBF)
/ ™,
7 I e A e T :;‘:‘ 2
Even comhbined wtih isolated concrete infills bcM —»  q=4; DCcH —p q=4 DCM —p q=2; DcH —p q=2.5
MRF + CBF

MRF +UNCONNECTED

Eccentric Braced Frames (EBF) Inverted pendulum CONCRETE OR MASONRY
INFILLS, IN

: ; 7T 7T T 777 CONTACT WITH THE FRAME
. . TTI07777777 77
ZIFTTIII7 T T
DCM —p q=2; pcvi— A=4% DCM=DCH —p Q=2

DCM —p Q=4 DCH —p q=50/a
/o DCH —p q=2a/a, DCH —p q=4a,/a,
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2. La normativa e la ricerca

La gerarchia delle resistenza
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2. La normativa e la ricerca

I ial
Il materiale o
I
j;-.nnr.\' ;‘hﬁ
f = Rotura
T ]
6{.!!1""
c\ E=ran{a
£
)
Legame costitutivo e comportamento meccanico dell’acciaio faele Lando
- :- T
_—— 25 Sy
= :,': =1
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2. La normativa e la ricerca __ I UNINA

Il materiale

NTC 11.3.4.9 EN 10025-2:2005
{Acciaio per zone dissipative) (Tensione di snervamento nominale)
alpha-

i <1 2 - numerical <16
fy,max - 'fyff S235JR 1.0038 235

5235J0 1.0114 235

1 B ; $23502 10117 | 235
2% 120 S275JR 10044 | 275
S27500 10143 | 275

yE S27502 10145 | 275

S355JR 1.0045 3585
5355L0  1.0553 355
535502 1.0577 355
S355K2  1.0596 355

L ]

- Eurocode 8 NTC 7.5.1

1]

/1
' Acciaio Voo =
) Fouiae b1 F0, - T
_ S 235 1.20
L 3 Vor =1.23 § 275 115

S 355 1,10
S 420 1.10
S 460 1.10
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2. La normativa e la ricerca

I UNINA

Le membrature
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2. La normativa e la ricerca

Le membrature

NTC11.3.4.9

{Acciaio per zone dissipative}

1,4

M/Mpl

T e
L
N

[
=

]
I
L]
— 150x100%5 MOF
1
1
1
1
1
]
1
T
]
1
]

UM RN SN | S

’ 5/901
M/Mpl
| //////f// B
. j / // / /7/ £ 5 Profilo 150%100%5
Y 3 /Bpl
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2. La normativa e la ricerca

La classificazione delle sezioni

M/M,,

1. Duttile

2. Compatta

3. Semicompatta
4. Snella

a/9

¥

Gmax/ e\f

Classe di duttilita

Valore di riferimento
del fattore di
struttura q,

Classe di sezione
trasversale richiesta

CD!!B!!

2<q,S4

Classe 102

CD”A!!

4> 4

Classe 1

Prof. R. Landoifo




2. La normativa e la ricerca UNINA

Le membrature
EC3 cross section classification: limits of validity for seismic application

Rotation Capacity

* Ductile or plastic sections: M., >M The minimum

R=? wvalues are not
clearly defined

* Compact: Miax > M,
* Semi- compact: M, <M . <M,
* Slender: Max < M,

Flexural Overstrength:
S=1.1 » The overstrength factor is assumed constant !?!

The relationship between R and s is not provided

Costruire in acciaio in zona sismica Prof. R. Landolfo
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2. La normativa e la ricerca

Le membrature

New empirical formulation for §

Expression of S is defined on the bases of multiple regression of the experimental results
obtained by monotonic tests

1 b E g
—=C+C A +C AL +C L+ Cy—+Cy =1
S L B, g
¥y
- Af the flange slenderness
= A, the web slenderness
" by the flange width, h the beam depth
= | the shear length factors
Steel | EVE), | g5/¢,
G C2 G Cs Gs Cs S235[37.5 [ 123
IPE - HE 1.709 | 0.167 | 0.005 | -0.134 | -0.007 | -0.052 S2751 428 | 11.0
RHS - SHS | 0.963 0.598 0.023 | -1.112 | 0.012 | -0.067 S 355| 48.2 9.8
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I UNINA

2. La normativa e la ricerca

Le membrature

New empirical formulation for R

Expression of R is defined on the bases of multiple regression of the experimental results
obtained by monotonic tests

b h bt A
R=cl+czi2+cgi2+c4 L +C, L L+C,—L +C7L—m+CSS
¥ bk L hI Ao L

Cy G, C; Cy Cs Cs C; Cy

IPE - HE -57.471 | 0.152 3.156 | -73.360 |-1454.240| 40.210 | 328.986 | -13.070
RHS - SHS | -18.425 | -0.172 1.357 |-120.527|1618.593 | 25.842 | 10.571 | -31.800

" A the flange slenderness

1
= A, the web slenderness ¢ % i 1
= by the flange width Ly = bf 06 L | -
h the beam depth f, 0.5-5,

t; the flange thickness

L the shear length factors

A; area of the flange

A:or the total cross section area
L., the length of the plastic hinge

Costruire in acciaio in zona sismica Prof. R. Landolfo




2. La normativa e la ricerca : I UNINA

Le membrature

[N
n
[

SHS 200X 0DX1D: Monotonic Test

e = R o B W |
[0 ) R s N o ) I |
o o o O

bending Moment (ANm)

n
=

L]

0 003 01 015 02 0256 03 035 04
fotation frad)

B P S T A

Ry / VA
! : VAR

60 pB 6110 2

=

i

ii*l Aa
i

TR

g Moment (kNm)
ii

=
—_
5 A
53
Gp

bendin

. = > o ;j . ': . —
| M, 300 SHS Z00XZ00X10: wdicrut
rotalion frad)

Prof. R. Landoifo
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2. La normativa e la ricerca

Le membrature

Motononic vs. Cyclic behaviour: Rotation capacity (R)

2
HEB 240: Monotonicvs Cyclic Test
. .
1.5 e :
i I
s I
s -
| | —positive envelope :
| : . —-negative envelope i :
&= ~ || =monotonic response |1
I
I
0 Rcyc!ﬁ; =17.2 I Nennn =54=|I 52 :
0 10 20 30 40 350 60

R = (8-6,)/6,
i Landolfoetoal (2011)

Hence, in case of seismic application there is the need to classify
steel beams under cyclic loading
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2. La normativa e la ricerca

| collegamenti

CAPACITY DESIGN  Dissipative zones may be located in the
PRINCIPLES  structural members or in the connections.

If dissipative zones are located in the structural members, the
connections of the dissipative parts to the rest of the structure shall
have sufficient overstrength to allow the development of cyclic yielding
in the dissipative parts.

Courtesy of Pilusn

When dissipative zones are located in the connections, the connected
members shall have sufficient overstrength to allow the development
of cyclic vielding in the connections

Courtesy of Piluso

Prof. R. Landoifo
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2. La normativa e la ricerca

I UNINA

Il collegamento “non dissipativo”

Overstrength criterion for non dissipative connection of dissipative
members made by means of full penetration butt welds

The hardening factor should be related to cross section classification!!

The hardening factor is assumed constant

Lo
Rd 2': 1 s 1:' Yov Rfy

1s the resistance of the connection in accordance with EN 1993:

Rg  1s the plastic resistance of the connected dissipative member based on the design
yield stress of the material as defined in EN 1993.

Courtesy of Piluso is the overstrength factor (see 6.1.3(2) and 6.2).
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2. La normativa e la ricerca

I UNINA

| collegamenti “dissipativi”

EN 1998 allows the formation of plastic hinges in the connections in case of partial-strength and/or semi-
rigid joints, provided that :

Joint cyclic rotation capacity should be at least 0.035 rad in case of DCH or 0.025 rad in case of DCM

]
I N
- == : r_::-*-#-u-_-_—_
. el ._:j%’.'_
Welded joint End plate joint Angle cleat joint

Costruire in acciaio in zona sismica
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2. La normativa e la ricerca l UNINA

| collegamenti “dissipativi”

Joint modelling

Prof. R. Landoifo
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2. La normativa e la ricerca

European pre-QUALified steel JOINTS ‘
(RFSR-CT-2013-00021)

Obiettivo fondamentale del progetto:

Fornire procedure di pre-qualificazione per un set di connessioni trave-colonna soggette a
carico ciclico.

Costruire in acciaio in zona sismica Prof. R. Landolfo




2. La normativa e la ricerca

European pre-QUALified steel JOINTS
(RFSR-CT-2013-00021)

Partners

1. UNIVERSITY OF NAPLES FEDERICO Il {Coordinator)

2 ARCELORMITTAL BELVAL & DIFFERDANGE SA

3. UNIVERSITE DE LIEGE

4, UNIVERSITATEA POLITEHNICA DIN TIMISOARA

5. IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY AND MEDICINE
6. UNIVERSIDADE DE COIMBRA

7. !'% 21 EUROPEAN CONVENTION FOR CONSTRUCTIONAL STEELWORK VERENIGING
|
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2. La normativa e la ricerca

European pre-QUALified steel JOINTS ‘ a
(RFSR-CT-ZOlS-OOOZl)
Objectives WP4
) ] EXPERIMENTAL TESTS
* The EQUALJOINTS research project aims at
providing pre-qualification procedure for a .
set of selected seismic resistant steel beam-
to-column joints, introducing a codified WP2 WP1 WP3
practice currently missing in Europe. ANALYTICAL NUMERICAL
« A large  experimental programme  MODELS STEELJOINTS |NVESTIGATION
¥ supported by theoretical and numerical . EUROPEAN .

analyses has been proposed. PRE-QUALIFICATION
* The prequalification criteria will refer to
both full-strength and partial-strength

joints for three types of bolted

configurations and one welded dog-bone >
joint. WP5
.« DESIGN

o) lO) GUIDELINES

WA HOLL LT T LT
A
l O ' !
1
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2. La normativa e la ricerca UNINA

Prequalified joint typologies
 Three bolted joint types:

Unstiffened extended Stiffened extended - Haunched joints
endplate joints endplate joints

Costruire in acciaio in zona sismica Prof. R. Landolfo




2. La normativa e la ricerca

_ I UNINA

European pre-QUALified steel JOINTS - Project flow chart

DESIGN OF REFERENCE
STRUCTURES

SELECTION OF BEAM-TO-
COLUMMN ASSEMBLIES

DESIGN OF JOINTS

ROTATIOMAL SPRINE

comm 1 o ANALYTICAL MODEL
7 DEFINITION OF HYSTERETIC
JOINT BEHAVIOUR
CHARACTERIZATION OF
ROTATIONAL SPRINGS

st = Max. Inter-Giarey Crift-Mean Profiles ) . ) —_—
) IT LLD ' 5l EVALUATION OF SEISMIC
4 DEMAND ON JOINTS
: | DEFINITION OF NEW EU
o _ R LOADING PROTOCOL
’ 5 $ ~ —--..__:.".II

EXPERIMENTAL PROGRAMME
CALIERATION OF FEM MODELS
FEM PARAMETRIC ANALYSES

Mosiminli &7 columin axis (kHim)
3 e

-'\l“ R LA T B A
Chord [fotatien [Fad|

a@mr  Aafa f

P e !
5 b
— _

DESIGN GUIDELINES AND PREQUALIFICATION CHARTS ]

ﬂ




2. La normativa e la ricerca

Experimental investigation

* TESTS ON BASE MATERIAL

* CHARACTERIZATION OF BOLTS

* CYCLIC CHARACTERIZATION OF MILD CARBON STEEL
* 75 JOINT SPECIMENS

b

fana

:}‘”’L L L L L L

/‘%@\

1
UNDERTAKEN
25 Tests 24 Tests 24 Tests 2 Tests
Experimental programme — 76 joint specimens
TR A small beim (ipe 360) - mem_:ilum_beam (iped50) — deep belem (ipe600)
dogbone connection disegned for w-type us profiles.
joint type haunched — extended stiffened endplate — unstiffened endplate - doghone
joint configuration internal and external
performance objectives full strength — equal strength — partial strength
loading protocol monotonic — cyclic aisc — cyclic proposed
Costruire in acciaic shoot peening yes/no




2. La normativa e la ricerca

Characterization of materials and bolts

* The tests on base material and bolts
* Cyclic characterization of HV and HR bolt assemblies
* Cyclic characterization of European mild carbon steel have been carried out.

TESTS ON BASE MATERIAL CYCLIC CHARACTERIZATION OF EUROPEAN MILD

D

H— . CARBON STEEL =

N

TESTS ON BOLTS

12 Prof. R. Landolfo




2. La normativa e la ricerca

Tests on joints

* Tests on Haunched joints (UPT)

* Tests on Extended Stiffened joints (UNINA)
* Tests on Extended Unstiffened joints (Ulg)
* Tests on Dog-bone (AM)

UNDERTAKEN

Acceptance performance level:

EN1998-1. “The connection design should be such that the rotation

capacity of the plastic hinge region 8 is not less than 35 mrad for structures of
ductility class DCH and 25 mrad for structures of ductility class DCM with q > 2”.
AISC 341-10. “The degradation of flexural strength should not be less than 80%
~of the nominal flexural strength, M , at a drift angle of 0.04 rad”.
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Calibration of FEMs and parametric analyses

* The numerical finite elements models have been calibrated on the basis of experimental
results found in literature and carried out within the project.
* The calibrated models have been used to perform a FEM parametric analyses performed in

order to extend test outcomes and to deepen the knowledge of the behaviour of semi-rigid
steel joints

Extended stiffened end-plate joints

WORK
UNDERTAKEN

—=—FEM response

Moment| at column axis (kNm)
o

—Test Response

: -008 -006 -004 -002 0 0.02 0.04 0.086 0.08
Yo Chord Rotation (rad)

Design Approach Investigation — two sets of joints
(IPE360, IPE450 and IPEG00 Full, Partial and Equal
strength joints) have been designed according to two
desinn annmaches (FN1993-1-8 and Altarnatival

Joint overstrength Investigation — Full strength joints
designed according fto Alternative approach but
considering different overstrength for joints (1.375 and

Rib Investigation — For joints designed with the
Alternative approach, the rib thickness varies within [5 to
30 mm] and the rib aspect ralio varies within [30° - 407]

Middile belt row Investigation — Two joint sels with or
without a boit row in symmetry axis of the connection

End Plate Material Investigation — The yield strength
of end plate material is varied within (EP to M - 4)

Compression centre Investigation — For the joints

costru i re in aCCia iD v s designed in the alternative approach the position of the

compression centre is evaluated.




2. La normativa e la ricerca

Experimental database

Experimental and numerical data are collected for producing prequalified
charts. In this database all the available recorded data including the
organization and source of the data, geometric properties of each element,
material properties of each element, geometrical imperfection if available,
loading protocols, hysteretic behavior of joint, failure mode and etc. are
collected.

WORK =il
UNDERTAKEN |

Prof. R. Landoifo
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UNINA

Prequalification charts and design guidelines

Component | Detad icustons References Component | Detaedl Glcuiatons Referencss
Geamsires [T = Fo =M =) -8
e = 0
2.:=0 mm : : 2122 g;‘f F =504210000/{450-14 5" 10*=1357 4 &N
-
- - - E S
8.3 mm L E ® g
i ' } a=
= =7 mm ,_E Fe 2 o .
s 1 o o -
§=300 mm S| cxmreny | b, me, =afile, =a ) =51, =n =2,
ez o ¥ A 4 = et o P L
=& mm + O Bow -
o ! i- é A 5 = 44841 214" (048" 21 35272 15230047 mm
=70 mm pm £ - £ = i
4 B ; &Y = A_=12"{30042F2188 mm
£,=33 mm _I_'-— 1 3
- in - - i 2 =
&,=724 mm STO030 P 2 = =
| aremT =t § z
=70 mm —— - =
1T ; Te— £ E:n.
ta=5.4 mm o -
w=180 mm i
=
=
]
q
“T-Stub” parometers -
=0 B07"300 47" 12" 395/145480 395/ |" 10 =227 T g
£.=0.25"56=14 mm —
= CC—— ]
M, 7 S5 & PErSMEtErs S the SMEent DO rOWS: £l con 2inovidesl =y
Row 1 = Rerws 2 ong 3 z Forie=8 wtu fo [ Pupemanraatssictfinzninain 5288
== =082 1
Bt et ey = 21706 3 fogvicua’t
=
N = F_,..=F_, .=13183in
«-:z:" L 25w} “. - -
=mn{70, 1 23" 3358 75 mm =min{70.1 2367/ 38=70 mm E Groug I rons 2 =30
mee=-08s. S z .
Al e E F\.ﬁ&l:.-b.'-h.ruﬁ_,u Yus
=TEA-0B"3"1412=TZTamm
- wl=23 omazza oy a*=asaod/1er1az o8 by
i - =45
L
ie——=033
T omee
— 1l —5a.=3.70

Effective lengths
Bot row 4 Gnaiviouat]

[2rm Tm+w Tmtle

- 14‘-:;“_. o dm 0825, Q55 05w+ O 0625,
= 2 3L N 8- Ll -3"N
—
“_a"f.' T M-S0, 020 2T 2 - 2T
=130 mm

lg;mm={dmel 25, e+dm+2825 ass

=mn"I52123°70, TO+1"I540.823" 70, 0.5"300,
03"18042"32+0429"701= 190 mm
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3. What's next

Sistemi innovativi

DOG BONES BRB FRAMES FRAMES WITH METALLIC SHEAR PANELS

PPPP PP RPrrP7, I/ 7777777777

DuaL MRFs aND EBFs
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3. What's next

Sistemi innovativi

TstubClassico: (IS0 04 T-stubad X (TS-XS-CYC 07)  T-stub ad Attrito (TS-M2-460-CYC 09)
Hysteretic Curve M-8 TS-CvC 04 .
S Hysteretic Curve M-@ TE1A5-CYC OF Hysteretic Curve M-4 TS-M 2-4E0-CYC 09
M: : lgfsm 200 M, =237.1 Iim =08
Zo,00 -0,075 01 Eghe - T 0,015 nI j
i 5 7
b\
| ['_EIEI G-
Joint Rotation [rad] Joint Rotation [rad]
Fine Prova — Frattura piatto Fine Prova — Nessun danno

G

-
[

"Nl i et T |

Prof. R. Landoifo
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3. What's next

Re-centring dual frames

* Structures easier to repair after the damage occurred as a result of an
earthquake

— plastic deformations constrained to replaceable dissipative members

— re-centring capability of the structure provided by the elastic substructure

* Application: dual frames (EBF + MRF) with removable links

Costruire in acciaio in zona sismica Prof. R. Landolfo




3.

What’s next

DUAREM Project

Objectives

Experimental validation of the re-centring capability of
dual structures with removable dissipative members

Assess the overall seismic
eccentrically braced frame s

performance of dual

Analysis of the interaction between between the steel
frame and the reinforced concrete slab in the link region

Partners

Lead User: "Politehnica" University of Timisoara
University of Naples "Federico II"

University of Liege

University of Ljubljana

University of Coimbra

Concrete slab cast over the link

loint Research Centre
European Laboratory for Structural Assessment

-



3. What's next

DUAREM Project

Test results Joint Research Centre
European Laboratory for Structural Assessment

FO Earthquake
+  PGA=0.02g
*  Elastic response

e #
Yy

SLS Earthquake | i
.T' !

SLS Earthquake
*  PGA=0.191g

. Small plastic deformations
in links (=0.032 rad)

. No vielding outside links

. Minor cracks in slab

ULS Earthquake
«  PGA=0.324g

. Moderate plastic
deformations in links
(=0.059 rad)

. No vielding outside links

Th AL ) ——
N i

& FO Earthquake

. Moderate cracks in slab

Costruire in acciaio in zona sismica Prof. R. Landolfo




3. What's next

— T T e . S

VAY 7AY VA VAN VAN FAN FAY = -
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3. What's next

HE SHS

UPE/UPN OHS

4Amm<t<40 =— 45 mm

Costruire in acciaio in zona sismica

Unlipped channel
section (U-section)

Lipped channel section
{C-section)

~4

Box-section {obtained
by double C-sections)

I-section {obtained by
double C-sections)

SFS section
{Steel framing system)

Omms<t<£3mm
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3. What's next

Structural design concept

Since the Lightweight Steel-Framed Constructions are not traditional structural typologies, they need specific
solutions that require a different structural design

Specific solutions for Lightweight
Steel-Framed Construction

Moment-Resisting Frames (MRF) Concentrically Braced Frame (CBF)

Geometric Geometric
mode! model

Actual physical Actuai physical

e st —
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3. What's next

Seismic design

In the last years, the application of Lightweight Steel-Framed Constructions has spread especially in non-
seismic areas, but how they should be designed in seismic areas?

Costruire in acciaio in zona sismica Prof. R. Landolfo




3. What's next

he seismic design of Lightweight Steel-Framed Constructions under vertical and horizontal loads can be
carried out using two approaches:

All-steel design

Sheathing-braced
design

Costruire in acciaio in zona sismica Prof. R. Landolfo



3. What's next

Seismic design criteria according to Eurocode 8

Eurocode 8 does not provide any specific prescription for the design of lightweight steel constructions in
seismic area.

All-Steel Structures could be designed according a DCL (low dissipative
approach for low seismicity zones) by assuming the behaviour factor

All-steel structure

-~ There is a gap between the European code specifications and the
application of these systems in seismic areas

; Sheathing- braced structure

Prof. R. Landoifo
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Seismic design criteria according to North American codes I@I I*I

North American Codes (AISI S400 for USA, Mexico and Canada; ASCE 7 for USA and Mexico; NBCC for
Canada) allow the dissipative design approaches according to the Capacity design.

Strap-braces act as the energy-dissipating elements

ASCE 7 NBCC
4 Behaviour 4.0 2.47
factor (bearing wall systems)

Overstrength  the non-dissipative elements designed by
factor considering the forces corresponding to the
expected yield strength of diagonal

All-steel structure

g Sheathing connections act as the energy-dissipating elements

4

5 | ASCE7 NBCC

IZ8 . bt
o Behaviour 6.5 7.0 4.25 _
& | factor (bearing wall (building frame  (shear walls with wood-’bé_seg
S systems) systems) structural panel sheathing
bo |

= Overstrength 2.5 3.0 1.33 1.45

= factor (building frame (bearing wall (DFPand OSB  (CSP wood
2 | systems) systems) panels) panels)

LA

Prof. R. Landoifo
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3. What's next

Structural all-steel systems

* [talian national research project g«”‘ﬁﬂ?“’% @g .
& A ::i - L
RelLUIS-DPC 2010-2013 LN j " A

‘,-.

* [talian national research project rm % @
Lamieredil Project 2012-2016 %}Q,_. 5 11 Lﬂm"-’m’-’fd"t’

1lls pre

Structural sheathing-braced systems

» [talian national research project gi E
Prin 2001 - 2003 iv..w, ]1

« European r.esearch project Iéih&*%% @@
ELISSA Project 2013-2016 Wy @ssn

Non-structural drywall building components

* Knauf Project 2012 - 2016 %?:ﬁ m kﬂﬂﬂf
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3. What's next

Structural all-steel systems
Experimental tests on full-scale shear walls: monotonic and cyclic tests

Monotonic tests Cyclic tests
v —— o9 CUREE ordinary ground motions reversed cyclic load protocol
[kNT—160 The cyclic loading test protocol consists of a series of stepwise
increasing deformation cycles. The displacement amplitudes was

defined starting from a reference deformation, that is:

’,,.—'i! BT, "nm] : : o 2667Ay : B, T R
A on where 4, is the displacement at the conventional elastic limit evaluated

in the monotonic tests on wall specimens.

|\.3 e,
©

[1] Krawinkler et al., Development of a Testing Protocol for Woodframe Structures, CUREE 2001
e —  iphses wieh [2] Velchev et al., Evaluation of the AISI 5213 seismic design procedures through testing of strap
b_ .y P 2 braced cold-formed steel walls, Thin walled structures, 2010

—_— | phase: pull

d [mm]

% e e uﬁvﬁv;\wmWﬁWW M |
i

D2 4 5 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 A4 A6 48 30 32 54 56 58 6D 62 84 -

Number of cycles I
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3. What's next

Structural all-steel systems
Experimental tests on full-scale shear walls: monotonic and cyclic tests
The comparison between the monotonic and cyclic wall tests reveals that the average experimental

strength and stiffness values registered under monoctonic loads are lower than the one recorded in the cyclic
tests with maximum variations of 8% and 16%, respectively.

Prof. R. Landoifo




3. What's next

I UNINA

Structural sheathing-braced systems
Experimental tests on full-scale shear walls: monotonic and cyclic tests

Sliding hinge

Rotational
hinge




3. What's next

Structural sheathing-braced systems
Experimental tests on full-scale shear walls: monotonic and cyclic tests

Shear vs. displacement curve
Monotumc *response

Deformed wall speamen
IR Lk TR

v (mwm)i

Vo= -14.3kN/m

*‘——: — — — —

— — — —

d (mm)

-80 -70 60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80

i ) { o —ackuabe
] } —actuato- 2

Comparisan between
monotonic and cyclic curves

I'I'IIII

T T T ey
ac g 110 120 130 I-l-f 1&(C



3. What's next

—
N~
\ EZB
T SEVENTH FRAMEWORK

Energy Efficient Buildings PROGRAMME

ELISSA Research Project
L SSA Energy Efficient Lightweight —
Sustainable — SAfe — Steel Construction

PARTNERS

Y | T (| ] SR, =
Takes the weight off your project, Sp——— b i i
NAUF.. % verQ-ves

= vllstr USTER
ZAE BAYERN Beratende Ingenieure
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3. What's next

The integrated approach

Since the new trends are going towards integrated solutions in terms of eco-efficiency, structural
performance and economic aspects, the Lightweight Steel-Framed Constructions, if properly designed,
could represent a competitive solution

ENDOF LIFE ) 9

SUSTAINAB"JTY RESILIENCE 1 _, CONSTRUéleN

lhn




3. What's next I UNINA

JP‘IIH? — “-Ih"lu.

o s

. ‘_i’ o Fiﬂfm

The basic structural system: The COCOON “Transformer”

The system already obtained the European Technical Approval for
static loads and the upgrading to withstand also seismic loads is one
of the main objective of the ELISSA project.
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3. What's next

I UNINA

he case study: The “ELISSA house”

The case study consists of a three-rooms two-storeys dwelling named “ELISSA house”.
The load-bearing structure of ELISSA house is based on CFS frames (walls and floors) produced by COCOON sheathed with
gypsum-based board panels produced by KNAUF (Diamant boards for walls and GIFAfloor boards for floors).

“ELISSA HOUSE” data

+ 3 rectangular modules of plan
dimensions 2.5 x 4.5 m,
horizontally and vertically
jointed

* Two storeys building

* Total gross area: 34 m? +
terrace

* Total height: 5.4 m

The Elissa Mock-up

ELISSA MOCK-UP data and design assumption

+ 2 rectangular modules of plan dimensions 2.5 x 4.5 m, vertically
jointed

+ Two storeys building

» Total gross area: 22.5 m?

* Total height: 5.4 m

+ Weight of the complete building (w/ finishing) : 102 kN (4.53

kN/m?)

Weight of the structural part (w/o finishing): 46 kN (2.04 kN/m?)

Costruire in acciaio in zona sismica Prof. R. Landolfo



3. What's next

Nano-material Thermal Assessment

S

T(C)

_—
S

LblhbhoNONNEa s n

=

va-Q-safe

wimant
spanitie, wBIEY IE
P -protected, 58
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3. What's next

Dead load:

Self weight of structure

Imposed load:
Residental building: g = 2.0 kN/m?
Seismic Input:

PGA UlSa,,=0.25g
SLSa,, =0.10g

Spectrum: type 1, soil class C
(medium-dense sand, gravel

or stiff clay)

Structural design

Prof. R. Landoifo



3. What's next

Micro-Scale

Component tests
25 Panel-to-steel connections
15 Steel-to-steel connections

Meso-Scale

Sub-structures (wall) tests

4 wall tests

Macro-Scale
ELISSA mock-up
Shaking table tests

....

Costruire in acciaio in zona sismica Prof. R. Landolfo
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I UNINA

Experimental program for shaking table tests

Dynamic identification Dynamic earthquake
Elissa Mock-up configuration tests tests
Only Structure (Without finishing) v -
Complete construction (With finishing) v v

Seismic input was scaled with a factor from 5% to 120%

Prof. R. Landoifo
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Dynamlc earthquake tests - Input: 2009 LUAquila Earthquake
Input time history AQV-EW

o L o *‘h 3 ¥ acceleration (m/s?)
- A s 6
T 1
Hala I.__ time (S)
" u] i - N *-r-—-——--
< - B 15 20 25 310
-4
= -G
e Response spectrum (Sa-T format)
- E— 2.5 : .
Mercalli Intensity (effects): 8-9 Sa(glit—— Fundéme"ta'“l’e"mld ¢ tﬁdmode)
Richter magnitude {(energy): 5.8 expenmentally evaluate
_ - i&—— Fundamental period {(1st mode)
. 20 - used in the design
) Design
spectra Input
PO spectra
15 1 2%/50 SFO
10%/50 0%
J 63%/50 190%
75%
1.0 50%
o2 o on e i 2 e o = - — . 20%
Damage caused by Aquila earthquake on traditional
buildings 05 -
SELECTED GROUND MOTION
Event: L’Aquila - April 6, 2009 3:33 a.m. i —— i
Magnitude: Mw=6.2 0.0 i
Station: tAquila - Valle Aterno - Centro Vall - ' ' ' ' ' ' ' ' ’
s e RS 0 01 02 03 04 05 06 07 08 09 &1

Station code: AQV
PGA: 6.44 m/s? (0,66 g) SF: Scaling Factor PO: Probability of occurrence




3. What's next

Test results

*The fundamental period varied from 0.10s (w/ finishing before earthquake |
tests} to 0.16s (w/ finishing after earthquake tests) '
*The damping ratio varied from 1.0% to 3.0% (w/o finishing materials before
tests} and from 1% to 2% (w/ finishing materials before tests} and from 2% to |
5% (w/ finishing after earthquake tests) 3
*The maximum inter-storey drift was very small (0.97% for first level and | >
0.58% for second level} and the residual inter-storey drifts were negligible
(under 0.06%}, evidencing a very modest anelastic behaviour.

*The observed damage was small in both structural parts and finishing
materials S
*Diaphragms behaved as rigid in their plane (according to the ASCE 7 | ~
definition} |

A

-,

Tl
P WS

|

Y

Before earthquake tests After earthquake tests

100 z 100 i
Magnitude —Experimental Magnitude — Experimental

—Curve Fitting

—Curve Fitting

0,1

0,01

0,01 Frequency [Hz] 0,001 Frequency [Hz]

T=0.10s T=0.16s
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3. What's next

Building construction of foundation and primary stage school “BFS”
Lago Patria — Naples, Italy (2009-2011)

MINISTRY OF DEFENCE

DeARC
o3

g
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PS¥icoi depury! 1
heag Peag
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3. What's next

N
b Wi

REQUIREMENTS

BUILDING OF STRATEGICAL IMPORTANCE

SHORT TIME

HIGH PERFORMANCE IN TERMS OF:

*  SAFETY

* DURABILITY

Construction - ¢ SEISMIC BEHAVIOUR

ENVIRONMENTAL SUSTAINABILITY

"‘_-...__—mll - _
=c==iln N2

FIRST IMPORTANT COLD-FORMED STEEl.

Prof. R. Landoifo
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3. What's next

Design
January 2009 — July 2009

Construction:
January 2010 — March 2011

Total surface area:
15.850 m?

Covered area by steel
structures: 3.000 m?

Internal courtyards:
1.900 m?

Roads and parking area:
3.700 m?




3. What's next

2

Owner:
Defense Estates UKNSU

Contractor:
COSAP

4 P = ( 4 A : Architects:
;" r - g =& Arch. Fiorenzo Petillo (7eam leader)
h S i Dr. Arch. Brigida Santangelo
P I — Arch. Enza Terzigni
L =4
.- = - Ii Structures:
- tf £l Prof. Eng. Raffacle Landolfo
I c=sl v Tewe Toe mee me | PhD. Arch. Omella Tuorio
HE = | i B S e S S S 5 " | P.hD. Eng. Luigi Fiorino
i e—— g lf Co- e L - - ¢ Technology:

EaNEEN N .[ j : . Prof. Arch. Mario Losasso
':.=f'n.{.~;“f+uf = = I A f . Ass. Prof. Arch. S. Russo Ermolli
r‘} c555i 553 t., - ‘F e ; . | . P.hD. Generosa Cacciapuoti

i #:l - mam ﬂ : 1IN . 7 7 = Arch. Antonio DAcunzi
2 LT = e b i e v e IR R
L ——————— - il 5 R EFIERES FRERFAET PSSP E FREVED SRFR S
- s R R R R T s mr — — i < s e i Eng. Roberto Romano
. =) -] 8- -0 B
_ ) ) '::'."_-'_'-;-f-:Ef-:-T-:-T-%-E::_ ! | i ! i Accounting:

Arch. Alfonso Mauro
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3. What's next

STEEL-TO —STEEL
CONNECTIONS:

Wall track

U153x50x20x1,5mm
:\#t&#tl
Stud

C150x50x20%x1,5mm
@600mm

, CFS profiles = TO - 9mm OSB
0SB 9mm g ; CONNECTIONS:
; | - Flat head self drilling screws

ﬁ+~
b a
—
=
g

o Wall flat strap

“CHO1 42 025"

4000mm

L.| HOLD DOWN S$700 steel grade

| fL HIT-RE 500+HAS-E(5.8)-M24

Shear anchors HST 20 '-“"_'-1 - Iﬂ

C oS g H o 4 naccia :'(.'“.- inTona {:_.: cmica Prof_ R. Landoffo
e W ILT AT 1 aULiaiil 111 LUF) < 00 0T




3. What's next
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3. What's next

Costruire in acciaio in zona sismica

Total surface area:
15.850 m?

Covered area by
steel structures:
3.000 m?

TOTAL TONNAGE:
140 tons of steel

Weight per square meter:
0.45 kN/m?

OSB 9 mm
(WALLS):
10000 m?

OSB 18mm

(FLOORS:
3000 m?
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3. What's next

Experimental progra

Sub-structures (wall tests)
2 On-site wall tests (4.80 x 4.00 m)

Component tests
50 sheathing-to frame connection tests
10 Hold-down device tests

Materials
20 OSB panel shear tests
40 Self-drilling screw shear tests
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Experimental program: wall tests
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3. What's next

Experimental program: wall tests

.I Wall configuration

Wall dimension: 4.830 x 4.00 m

Steel Framing:

Tracks U153x50x1.50
Studs C150x50x15x1.50
(S350GD+Z grade)

Sheathing:
0OSB/3 panel 9 mm thick

| Sheathing-to-frame connections:
Self-drilling screw diameter 4.2 mm

bugle head (spacing: 100 mm at

perimeter, 600 mm in field

Frame-to-foundation connections:
~ Hold-down devices (specifically
L% designed in S700 steel grade)

| connected to studs by 4 M16 bolts
and to foundation by HIT RE 500 with
M24 HAS adhesive-bonded anchors

Steel-to-steel connections:
Self-drilling screw diameter 4.8 mm
lath head

Costruire in acciaio in zona sismica Prof. R. Landolfo
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Experimental program: wall tests

Test set-up

Loads distribution:
2 coupled steel beams (RHS and IPE

500) set on wall top
53
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Experimental program: wall tests

Test Results — Deformated condition and collapse mechanism

Landoifo
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Experimental program: wall tests

Test Results — Force vs. Displacement curve and comparison with design prediction

H [kN]

Strength Test 1: 147

Avera

S kN
¢ Strength Test: 137.6 kN

"’/_Pr_e-di-c |

ed Av. Strength: 126.1 kN

Strength Test 2: 12

7.6 KN

Predicteqd

| design Strength: 90.8 kKN

Average Stiffness Te

st 6.79 kN/mm

~—PredicEd SUMEss 7. 00 kN
e T'est 1
=Tcst 2
-— Averagecurve
g/ Stiffness Test 2:
/ 5.33 kKN/mm d [mm]
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The average test
strength is 9.1% higher
than predicted average
value and is 51.5%
higher than the
assumed design value.
(Average safety factor
= 1.52)

The average test
stiffness is 3% lower
than the predicted
value.

Prof. R. Landoifo




3. What's next

Costruire in acciaio in zona sismica Prof. R. Landolfo




1. Considerazioni introduttive

2. La normativa e la ricerca

3. What’s next?

4. Conclusioni




4. Conclusioni

European Convention for Constructional Steelwork

Dissemination activities

TC13 Publication:

Assessment of EC8
Provisions for Seismic
Design of Steel Structures

ASSESSMENT OF EC8 PROVISIONS FOR
SEISMIC DESIGN OF STEEL STRUCTURES

Raff ndolfo (Ed.)
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4. Conclusioni
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