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Seismic design of steel and hybrid
steel-concrete structures
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Consequences of seismic events
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Consequences of seismic events
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Consequences of seismic events
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Consequences of seismic events

Local buckling of members and excessive panel zone demands
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Consequences of seismic events

Buckling and fracture of bracing elements

Koyama et al 2012

Matsumoto et al 2012; Clifton et al 2011
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Consequences of seismic events

Concrete crushing, fracture of bolts and gusset plates at column bases

Matsumoto et al, 2012 Midorikawa et al 2012

Source: Lignos, 2015 Christchurch EQ M 6.1, 2011
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Seismic design

Main objectives defined in Eurocode 8

. Protection of human life through

structural collapse

EQ return period: 475 years

2. Limitation of damage for more fre

events

- EQreturn period: 95 years

prevention of

guent seismic

EUROPEAN STANDARD EN 1998-1
NORME EUROPEENNE
EUROPAISCHE NORM December 2004

ICS 91.120.25 Supersedes ENV 1998-1-1:1994, ENV 1998-1-2:1994,
ENV 1998-1-3:1995

English version

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

Eurocode 8: Calcul des structures pour leur résistance aux Eurocode 8: Auslegung von Bauwerken gegen Erdbeben -
séismes - Partie 1: Régles générales, actions sismiques et Teil 1: Grundlagen, Erdbebeneinwirkungen und Regeln fur
régles pour les batiments Hochbauten

‘This Eurcpean Standard was approved by CEN on 23 April 2004.

CEN members are bound ta comply with the CENICENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references conceming such national
standards may be obtained on application 10 the Central Secretariat or to any CEN member.

This Eurapean Standard exists in three offiial versians (Enalish, French, German). A version in any other language made by translation
under the responsibility of a CEN member into its own language and notified to the Central Secretariat has the same status as the official
versions,

CEN members are the national standards bodies of Austria, Belgium, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,

Germany, Greece, Hungary. loeland, Ireland, ltaly, Latvia, Lithania, Luxembourg, Malta, Netherlands, Norway, Poland. Portugal, Slovakia,
Slovenia, Spain, Sweden, Switzerland and United Kingdom.

L —

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

Management Centre: rue de Stassart, 36 B-1050 Brussels

©2004 CEN Al rights of exploitation in any form and by any means reserved Ref. No. EN 1098-1:2004: £
worldwide for CEN national Members.
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Seismic design

Prevention of structural collapse: How to achieve?
Design for linear elastic response - Several challenges!
- Expensive (€)
» Lateral resistance > 25% Weight > Architectural issues!

« EQ intensity has a probability of being exceeded

Design for inelastic response (weak structures) > Advantages
« Cheaper solutions (€)
 Slender structures

« ... but some damage is expected!
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I Seismic design

Design for inelastic response: the importance of ductility

Cantilever % é/

HE steel profile
Modelled in ABAQUS (shell elements)
Steel material: nonlinear model

EQ: 3 intensity levels o0
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I Ductility

PGA = 0.1¢g
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Ductility
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Ductility
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Seismic design

Where is ductility explored in mulii-storey steel buildings?

O
® L ]
1 . 1
JAN VAN
Moment-Resisting Frames Concentrically-Braced Frames
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Seismic design

Connections

f—— Top flange plate

7 — Bottom flange plate

Dissipative connections

Non-dissipative connections
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Ductility

The behaviour factor
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Ductility
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Ductility

Problems due to lack of global ductility: soft-storey mechanisms
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Ductility

How to ensure global ductility?
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Ductility

ST eSS
P <t C \:\‘_:I:/ 5 — P

Strong links

Capacity design
Fa
- Strong link
EE.I_I

Weak link

Fa

Weak link

Strong links

aroup
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Ductility

In Moment-Resisting Frames

1 ' | plastic hinge

|
4:- | Columns: Z M RC > 132 M RB
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Seismic design of steel buildings

1.

dentity/choose the lateral load resisting system

Source: AISC / Michael Engelhardt

MRF CBF EBF
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Seismic design of steel buildings

2. Pick a value for the behaviour factor: system and ductility class

Ductility Class
STRUCTURAL TYPE DCM DCH
a) Moment resisting frames 4 Sa/a
b) Frame with concentric bracings
Diagonal bracings 4 4
V-bracings 2 2.5
c¢) Frame with eccentric bracings 4 Sa/a
d) Inverted pendulum 2 20/
¢) Structures with concrete cores or concrete walls See section 5
f) Moment resisting frame with concentric bracing 4 day/a
¢) Moment resisting frames with infills
Unconnected concrete or masonry infills, in 5 )
contact with the frame
Connected reinforced concrete infills See section 7
Infills isolated from moment frame (see
4 Say/on
moment frames)
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Seismic design of steel buildings

3. Define the inelastic response spectrum and evaluate base shear

2.5

g =
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Seismic design of steel buildings

4. Perform design checks on the dissipative elements
« Cross-section classification
 Limitation of axial force levels in flexural members
« Control of brace slenderness in CBF

« Other checks
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I Seismic design of steel buildings

5. Apply capacity design principles to design the non-dissipative
elements and ensure global ductility
« Column design in MRF

« Beam and column design in CBF

« Connection design (beam-to-column, column bases)
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Seismic design of steel buildings

Non-dissipative connections (beam-to-columns/walls)

I plastic hinge
=i .
=[] :
¢ : : . * *
Connection design: Rd >1.1 Y ov Rfy
= | (] .
=l | Where:
- Ry is the resistance of the connection according to EC3
Ry, is the plastic resistance of the connected dissipative

member based on the yield stress of the material
Y,, is the overstrength factor (=1.25)
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Seismic design of steel buildings

Non-dissipative connections (column bases)

« Action effects for foundation elements shall be based on capacity design,
considering possible overstrength, but need not exceed those from an elastic

seismic response (g = 1.0);
» For foundations of individual vertical elements (walls or columns)
Erqg = Epg +Vra 1 Epg
where ypqa=1.0for q £3.0 or ypg=1.2forq > 3.0 and Q=min(Mg,;/Mgg);

» For foundations of concentric braced frames : Q=min(Nr; /Ng4);

« For foundations of eccentric braced frames : O=min(Vz,/Vgy) among all short seismic

links and Q=min(Mg4/Mg;) among all infermediate and long links ;
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Seismic design of steel buildings

Non dissipative connections (beam -to - RC column)

« Seismic design:

. 9=2.5kN/m2; q=1.5 kN/m?2

Influence width =3 m
IPE 200 (Mpl,Rd = 52 kNm)
L=6m

VG+O.3Q == 275 kN

6m
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Seismic design of steel buildings

Non dissipative connections (beam-to-column)

y e | “ el !
i i Lo B !
B ——— S
MEd =1.1- Yov: Mpl = 71.3kNm MEd =1.1- Yov: Mpl = 71.30kNm
My, My,
VEd = VG+O.3Q +2-(1.1- Yov: T = 51.3kN VEd = VG+0.3Q —2-(11.1- yov’T = 3.8kN
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Seismic design of steel buildings

Non dissipative connections (column - foundation)

| 6.00 | 6.00

« Seismic design:

* T1=1.1S

3.50

q=4

3.50

S41(T;)=0.13 (m/s?) - Porto

[ ]
3.50

A =10 (T;>2T¢)

18.50

Design base shear (F,;) = 22 kN

3.50

Sections: columns HEB400 1

beams IPE270
braces CHS 76.1x3.2

4.50
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Seismic design of steel buildings

Non dissipative connections (column base)

6.00 | 6.00

» Input for the design of connection |

3.50

Eq = Eqoreo3qrt 1.1Ypg QEqE

Yeog=1.2and Q. = (NpI,Rd,i/NEd,i) =43

3.50

Eq = Eqcreo3qr T 9.67E4E

3.50

18.50

q=4.0 q=1.0 T
Eqckro3ak |Eqk Eq Gk+0.3Qk+E 2
M (KN.m) 0.0 0.0 0.0 0.0 T
V (kN) 0.0 0.1 0.4 0.2 :
N(kN) 191.9 /7.0 628.6 471.8
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Thank youl!
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