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Motivation

o To summarise the current rules 

for seismic design 

of steel structures
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Lecture outline

1. Benefits of steel structures

2. Design criteria for steel structures

3. Detailing rules for steel structures
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Benefits of Steel Structures

Highductility

The steel is characterized by the ductility that 
is the capability to perform plastic 
deformations without failure
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Ductility levels: 1. MATERIALDUCTILITY

Benefits of Steel Structures
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Benefits of Steel Structures

Ductility levels: 2. LOCALDUCTILITY
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Source: FEMA 454 / December 2006

Benefits of Steel Structures

Ductility levels: 3. SYSTEMDUCTILITY

The great variability of structural typologies allows designing to get 
different seismic performances
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RULESFORGLOBAL

HIERARCYANDLOCAL

CAPACITYDESIGN

RULESFORTHE

SPECIFIEDDISSIPATIVE

STRUCTURALTYPES

CONTENTS

6.1 General 

6.2 Materials

6.3 Structural types and behavior factors

6.4 Structural analysis 

6.5 Design criteria and detailing rules for dissipative 
structural behavior common to all structural  types

6.6 Design and detailing rules for moment resisting frames

6.7 Design and detailing rules for frames  concentric bracings

6.8 Design and detailing rules for frames with eccentric bracings

6.9 Design rules for inverted pendulum structures

6.10 Design rules for steel structures with concrete  cores or concrete  
and for moment resisting  frames combined  
with concentric bracings or infill

EN1998-1:2008 

Ch. 6 Steel Buildings

DESIGNCONCEPTANDSAFETYVERIFICATIONS

REQUIREDSTEELPROPERTIES

DEFINITIONOFSEISMICACTION

DUCTILITYREQUIREMENTS: 
RULESFORDISSIPATIVE

MEMBERSANDFOR

CONNECTIONS
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DESIGNCONCEPTS DUCTILITYCLASSES BEHAVIOURFACTORSEN 1998-1 CH.6

Specific rules for 
steel buildings*

άŀέ

Low dissipative 
structural
behaviuor

DCL (low) qҖ мΦр - 2

άōέ

Dissipative 
structural
behaviuor

DCM (medium)
q = f (structural type)

and    qҖ п

DCH (high) q =f (structural type)

* For the design of non dissipative steel structuressee: EN1993

EN1998-1:2008 Ch. 6 Design Concept 
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fy,max isactualmaximum yield strength of the steel of dissipative zone

fy :      isnominalyield strength specified for the steel grade

gov :    isoverstrenghtfactor

RECOMMENDEDEC8 VALUE

gOV= 1,25

EN1998-1:2008 Ch. 6 Steel buidings
Rules for Dissipative Structures 

Material Properties

Estimatethe actualyield strengthof dissipative
members/connections, which can be
substantiallylargerthan the nominalone.
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Material Toughness

Thechoiceof material to avoid
brittle fracture in view of

toughnessis another key issue in the
seismicdesignof steelstructures.

EC8 requiresthat the toughnessof the
steelsshould satisfy the requirements

for the seismicaction at the quasi-
permanent value of the
servicetemperature according
to seeEN1993-1- 10.

Recent studies have shown that the
limitation givenin Eurocode8 is safe-
sidedfor Europeanearthquakes.

EN1998-1:2008 

Ch. 6 Steel buidings
Rules for Dissipative Structures 
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EN1998-1:2008 Ch. 6 Steel buidings
Rules for Dissipative Structures 

Structuraltypologiesandbehaviourfactors

Codebehaviourfactors are mostly empirical,and
are supposedto accountfor ductility, redundancy
and overstrength of different structural
typologies.

MRF

CBF

EBF

Concrete cores/walls

MRF + CBF

MRF + infills

Connected infills

Isolated infills

Unconnected infills

Moment ResistingFrames(MRF)

MRF + CBFV Bracing (CBF)

Eccentric  braced frames  (EBF)

Diagonal braced frames  (CBF)
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EN1998-1:2008 Ch. 6 Steel buidings
Rules for Dissipative Structures 

Elementin compressionof dissipativezones

Sufficient local ductility of memberswhich dissipateenergy in compressionor
bendingshallbe ensuredby restricting the width-thicknessratio b/t accordingto
the cross-sectionalclassesspecifiedin EN1993-1-1

Local slenderness b/t and local ductility
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EN1998-1:2008 Ch. 6 Steel buidings
Rules for Dissipative Structures 

Elementin tensionof dissipativezones

Fortensionmembersor partsof membersin tension,the ductility requirementof
EN1993-1-1 shouldbemet.
Where capacitydesignis requested,the designplastic resistanceNpl,Rd shouldbe
lessthan the designultimate resistanceof the net sectionat fastenersholesNu,Rd

sothe followingexpressionshouldbe satisfied:

2

0

1,1
ykres M

M tk

fA

A f

g

g
² Ö Ö

Ares isnet resistant area

A     isgross area

Mɹ0 issafety factor for the resistance of the members without holes

Mɹ2 issafety factor for the resistance of the members with holes
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CAPACITY DESIGN 
PRINCIPLES

If dissipative zones are located in the structural
members, the connectionsof the dissipativeparts to
the rest of the structure shall have sufficient
overstrength to allow the development of cyclic
yieldingin the dissipativeparts.

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

Whendissipativezonesare locatedin the connections,
the connected members shall have sufficient
overstrength to allow the development of cyclic
yieldingin the connections

Courtesy of Piluso 

Courtesy of Piluso 

EN1998-1:2008 Ch. 6 Steel buidings
Rules for Dissipative Structures 

Connections


