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Basis of structural design
(BS EN 7990:2002) or €C-0
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Eurocode-
Distinction between Principles and Application Rules

@

®)
)

()

(2) The Principles comprise :

Depending on the character of the individual clauses, distinction is made in EN 1990
between Principles and Application Rules.

¢ general statements and definitions for which there is no alternative
e requirements and analytical models for which no alternative is permitted unless
specifically stated.

The Principles are identified by the letter P following the paragraph number.

The Application Rules are generally recognised rules which comply with the Principles
and satisfy their requirements.

It is permissible to use alternative design rules different from the Application Rules
given in EN 1990 for works, provided that it is shown that the alternative rules accord
with the relevant Principles and are at least equivalent with regard to the structural
safety, serviceability and durability which would be expected when using the
Eurocodes.
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Section 5 Structural analysis and design assisted by testing

» Structural analysis
* Modeling appropriate to limit states
 Established engineering theory and to be verified if necessary

« Static actions, dynamic actions, fire design
* Design assisted by testing

INSPIRING CREATIVE AND INNOVATIVE MINDS
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Eurocode 3 : Design of steel structures -
Part 1-1: General rules-and rules for Buildings
BS EN 1993-1-1:2005

T
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Introduction to Eurocode 3

@ UNIVERSITI TEKNOLOGH MALAYSIA

+ the principles of design, concept and formulation are generally similar to
BS5950

+ the main differences of the two design rules are only in the symbols, terms,
safety factors and limits adopted

+ distinction is made between
— principles which must be obeyed

— application rules which follow the principles but alternative methods are
allowed

+ design capacities in EC3 are categorised under cross-section resistance
and member buckling resistance (based on structural behaviour and not
based on element/member)

INSPIRING CREATIVE AND INNOVATIVE MIND<:
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* based on limit state design principles which require that specific 'failure’
conditions must be checked for both ultimate and serviceability
conditions

« variability, principally of actions and materials, is accounted for by partial
safety factors which also incorporate a global margin of safety

+ EC3 incorporates theories in the first-order and second order which
consider the effects of deformations

+ EC3allows us to choose the degree of accuracy of the structural
analysis

+ allows for the “advanced analysis approach” in analysis and design as
an alternative to simplified design method

INSPIRING CREATIVE AND INNOVATIVE MINDS
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+ frame imperfection(P-D and P-d effect ) to be included in the
structural modeling of frames

* acomprehensive information on the elastic-perfectly plastic
and elasto-plastic methods for continuous and semi-
continuous steel framing

« providing classification of the connections based on strength
and rigidity

« the information on frame stability is presented in detailed
whilst the terms sway and non-sway frames are well defined

Introduction to Eurocode 3

INSPIRING CREATIVE AND INNOVATIVE MINDS

Eurocode 3 : Content

5.1.1 Structural modelling and basic assumptions
5.1 Structural modefling for analysis _ (& 4 2 Joint modelling

5.3 Imperfections _
5 Structural analysis _[———
S T

5.1.3 Ground-structure interaction

5.2.1 Effects of deformed geometry of the structure
5.2.2 Structural stability of frames
5.3.1 Basis
5.3.2 Imperfections for global analysis of frames
5.3.3 Imperfection for analysis of bracing systems
5.3.4 Member imperfections

5.2 Global analysis

5.4.1 General

5.4 Methods of analysis considering material non-linearities _['5 4 o Elastic global analysis
5.4.3 Plastic global analysis
5.5 Classification of cross sections . 551 Basis
©1{5.5.2 Classification

5.6 Cross-section requirements for plastic global analysis

Whole of Chapter 5 is dedicated to Structural Analysis

and Frame Behaviour

2/18/2010



Eurocode 3 : Content

6.1 General
6.2.1 General
5.2.2 Seclion properlies
6.2.3 Tension
6.24 Compression
6.2 Resistance of cross-sections | 628 Bending moment
6.26 Shear
6.2.7 Torsion
6.28 Bending and shear
6. Utiate it sates 6.29 Bendfng and axial forcg
—} 6.2.10 Bending, shear and axial force
6.3.1 Uniform members in compression
6.3.2 Uniform members in bending
.3 Buckling resistance of members (' 3 3 Uniform members in bending and axial compression
6.3.4 General method for lateral and lateral torsional buckling of structural components.
6.3.5 Lateral torsional buckling of members with plastic hinges

6.4.1 General
6.4 Uniform buit-up comprassion members §.4.2 Laced compression members

‘ 6.4.3 Battened compression members
6.4.4 Closely spaced buill-up members

* Design checks are required and it depends on the type of
structure
» Frames are checked for
* Static equilibrium
 Frame stability
* Resistance of cross-sections
* Resistance of members
* Resistance of joints
 Tension members need only checked for resistance of
cross-sections

INSPIRING CREATIVE AND INNOVATIVE MINDS
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Eurocode 3 :
Design of Steel Structures

Frame Idealisation, Classification and Analysis
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General approach in analysing and
g designing steel frames

+ Classification of the frames

+ Assessment of imperfections

+ Choice of the method of analysis

+ Computation of internal member and moments

+ Ultimate limit states check
- resistance of cross-sections
— Buckling resistance of members

+ Serviceability limit states check
— Deflections
— Dynamic effects

INSPIRING CREATIVE AND INNOVATIVE MINDS




drown with terminologies?

UNIVERSITI TEKNOLOGI MALAYSIA

Braced and
unbraced ?

Sway and
non-sway?

Semi-rigid
and rigid?

Elastic vs
inelastic?

Linear and
non-linear?

Elastic and
plastic ?

Continuous vs
semi-continuous?

Rigid, elastic-
plastic, elastic

Elastic vs
elasto plastic?

Advanced
analysis?

Joints vs

connections
INSPIRING CREA T ™=
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Frame Idealisation and
Classification

sway resistance
connections 3
..methods of analysus R 4,0
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Frame Idealisation

sway resistance
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Consideration whether a frame is sway or non-sway case:
+ Depends on frame geometry and load cases under consideration
« Determined by influenced of PA effect

Non-sway frame
* Horizontal loads are carried by the bracing or by horizontal support
 Change of geometry (2nd-order effect) is negligible

Sway frame
* Horizontal loads are carried by the frame
 Change of geometry (2nd-order effect) is significant

INSPIRING CREATIVE AND INNOVATIVE MINDS

©UTM Sway Stability
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@UTM Sway Stability

www.utm.my

Multistorey Steel Frame
1

Non-sway Sway
o Depends on frame geometry and load cases under consideration
% Determined by influenced of PA effect
?,: Horizontal loads are carried by Horizontal loads are carried by
g the bracing or by horizontal support the frame
Change of geometry Change of geometry
(2nd-order effect) is negligible (2nd-order effect) significant

INSPIRING CREATIVE AND INNOVATIVE MINDS

www.utm.my

A frame is considered to be sway case if:

= For >10 for elasticanalysis
Ed

acr

R >15 for plasticanalysis
Ed

acr

where

a,, s the factor by which the design loading would have to be increased to
cause elastic instability in a global mode

Fgy is the design loading on the structure

F,, isthe elastic critical buckling load for global instability mode based on initial
elastic stiffnesses

INSPIRING CREATIVE AND INNOVATIVE MINDS

©UTM Sway Stability
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@ UTM Sway Stability

a,, may be calculated using the following approximate formula,

a=F°f= h H, Onea b TTTTTT 113
cr
I:Ed §H,Ed VEd h
where: g0 g4
7+ H -3 H
Vv 1 Vv 2

Opeq IS the sway at the top of storey i
is the height of storey i 1

Hg, the total horizontal reactions Hey=H,+ H,
respectively at the bottom of storey |

Ve, the total vertical reactions respectively
at the bottom of storey i

INSPIRING CREATIVE AND INNOVATIVE MINDE

@UTM Allowing Imperfections

www.utm.my '

wl [[II11]1ly
N
LTI
Frame imperfection Member Imperfection
only for slender members in sway frames,
always to be allowed for otherwise it is covered in the relevant buckling
curve

INSPIRING CREATIVE AND INNOVATIVE MINDS
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Allowing frame imperfection

www.utm.my . F1
JITITIIIIT  °F
G ANNNNE;
I b 2
F2
sV [ [ [[]
Ve (I) e ¢
g ] d(F1+F2)2 o (F1+F2)/2
<« 1 <« 1
Equivalent forces
+ Frame imperfection can be replaced by an equivalent closed system of
horizontal forces applied at the floor levels (including the foundation level).

INSPIRING CREATIVE AND INNOVATIVE MINDS

OUIM g

* The frame imperfection is as follows:

¢ = ¢oaham
where ¢, =1/200
oy = Lt 22, <3

a,= 0,5(1+ ij
m

h is the height of the structure in meters
m is is the number of columns in a row including only those columns which
carry a vertical load

INSPIRING CREATIVE AND INNOVATIVE MINDS
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- .
Number of columns (m)
Height of
the
e 1 2 3 4 5 6
(h)
1 0.00500 | 0.00433 | 0.00408 | 0.00395 | 0.00387 0.00382
2 0.00500 | 0.00433 | 0.00408 | 0.00395 | 0.00387 0.00382
3 0.00500 | 0.00433 | 0.00408 | 0.00395 | 0.00387 0.00382
4 0.00500 | 0.00433 | 0.00408 | 0.00395 | 0.00387 0.00382
5 0.00447 | 0.00387 | 0.00365 | 0.00353 | 0.00346 0.00341
6 0.00408 | 0.00354 | 0.00333 | 0.00323 | 0.00316 0.00312
7 0.00378 | 0.00327 | 0.00309 | 0.00299 | 0.00293 0.00289
8 0.00354 | 0.00306 | 0.00289 | 0.00280 | 0.00274 0.00270
F1
9 0.00333 | 0.00289 | 0.00272 | 0.00264 | 0.00258 0.00255
1 I d ¢F2 VI TTT1
10 0.00333 | 0.00289 | 0.00272 | 0.00264 | 0.00258 0.00255
12 0.00333 | 0.00289 | 0.00272 | 0.00264 | 0.00258 0.00255 F2
13 0.00333 | 0.00289 | 0.00272 | 0.00264 | 0.00258 0.00255 PF1 [TT111
14 0.00333 | 0.00289 | 0.00272 | 0.00264 | 0.00258 0.00255
15 0.00333 | 0.00289 | 0.00272 | 0.00264 | 0.00258 0.00255 : ¥ ¢
16 0.00333 | 0.00289 | 0.00272 | 0.00264 | 0.00258 0.00255 - «—
17 0.00333 | 0.00289 | 0.00272 | 0.00264 | 0.00258 0.00255
18 0.00333 | 0.00289 | 0.00272 | 0.00264 | 0.00258 0.00255 Equivalent forces
19 0.00333 | 0.00289 | 0.00272 | 0.00264 | 0.00258 0.00255
20 0.00333 | 0.00289 | 0.00272 | 0.00264 | 0.00258 0.00255
22 0.00333 | 0.00289 | 0.00272 | 0.00264 | 0.00258 0.00255
24 0.00333 | 0.00289 | 0.00272 | 0.00264 | 0.00258 0.00255
. 25 0.00333 | 0.00289 | 0.00272 | 0.00264 | 0.00258 0.00255 [a D
Rrnnmnnnnn Yava) h,
FL Sien =
1Hed A A
h1 1 2
h,
F2 h
¢F2 MAAANAN] 52H = 73
A=A,
h, h
h 2
F3 h
'AYAYAYAY 5 — 3
¢F3 3Hed — A *A
4
h
3 h3
F4 S = h,
NV, ¢F4—> 4Hed *A*A
h,
4 h, 1
H1 H2
— — lnm — h
ma; —J
bH Ed
Elastic a, <10 Sway Frame
Analysis
h H y o, =10 Non-Sway Frame
__cr Ed
a. maX| —— .
Feq Oned \ Vg Plastic o <15 Sway Frame
' Analysis
Y o =15 Non-Sway Frame

[«
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Example to determine whether a
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frame is either sway or non-sway case

www.utmmy

F1

F1
JAVAVAVAVAVAVAVAVAVAVAYAVAYAVAYAY

i
NVERSIT TERNGL061 RALAYS xample: Check if the frame is a sway frame

oF1
F2

oF3

oo cooes oo (R W
hococltiondioend =

F4

F4
l r_ZI / / 9F4
m m B9 m O 8 m B

m B9

m

F1=850 kN
F2= F3=F4 = 3750 kN

From slide 13, m=3 and h=14m,
therefore
¢=0.00272

3.5m

3.5m

3.5m

3.5m

INSPIRING CREATIVE AND INNOVATIVE MINDS
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Example: Check if the frame is a sway framg
850 kN Say absolute deflections from frame analysis
2.31kN T > 75mm
3750 kN 3.5m
10.2 kN —4poaaaqeaeaaaamaaeaiass o e + 6mm h
3750 kN 3.5m max —— |=3500/2 =1750mm
10.2 kN—4POLOOOOAALNAALNNAA, - --=--- + 4mm H.Ed
3750 kN 3.5m
10.2 KN—OOONVNVNVNVVIVAZYN NG b e > 2mm
3.5m
G:228KN L 8228kN_ 8.228kN Lg 2ok
3025 kN 3025 kN 3025 kN 3025 kN
o, < 10 | Sway Frame
Elastic Analysi
h H . =210 | Non-Sway Frame
a. = or _ max Ed
cr E S Vv o, < 15| Sway Frame
Ed H,Ed Ed Plastic Analysi
where: ’ ae 15| Non-Sway Frame
8404 is the sway at the top of storey i
h is the height of storey i ~1750 32.91
Hey the total horizontal reactions Ao = 12100
respectively at the bottom of storey /
Vey the total vertical reactions respectivel H
S atthe bottom of storey | Therefore it is a sway frame

9UTM

UNIVERSITI TEKNOLOGI MALAYSIA

Sway Stability

Multistorey Steel Frame

Non-sway

Depends on frame geomet

Determined

Horizontal loads are carried by
the bracing or by horizontal support

uonuyag

Change of geometry
(2nd-order effect) is negligible

Analysis and design ?

INSPIRING CR VE AND INNOVATIVE MINDS
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Frame classification

connections

AL RSP e f

¥ # ,11 i "L-—. o B

W ¥ ,L-ma':-rlh w“h ‘_-.n_-! o
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The effects of the behaviour of the joints in analysing frame structure, may
generally be neglected, however if such effects are significant. they should be
taken into account.

To know whether the joint behaviour is significant or not, joint are classified into:

+ Simple

- joint may be assumed not to transmit bending moments;
+ Continuous

- the behaviour of the joint may be assumed to have no effect on the analysis;
+ Semi-continuous

- the behaviour of the joint needs to be taken into account in the analysis

INSPIRING CREATIVE AND INNOVATIVE MINDS
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UTM Types of construction

| Semi-continuous | ’ Continuous ‘

- connections between - some degree of - connections between
members are assumed connection stiffness is members capable to
not to develop moments assumed develop full

strength/stiffness

- joint pin connected - joint semi-rigidly connected

- joint rigidly connected

- necessary to maintain - Limitation in the design
stability against sway specifications - elastic analysis or

plastic analysis

- elastic analysis - elastic or plastic analysis

- elastic-plastic analysis
- elasto-plastic analysis

INSPIRING CREATIVE AND INNOVATIVE MINDS 4
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FLEXIBLE END PLATE

(10mm thk.)
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' UTM Typical Joints Expressed In Term of M-¢ Curves
UNIVERSITI TEKNOLOGI MALAYSIA
T-Stub :

Simple construction
Double angle web cleats
Flexible end plates
Fin plates

= Semi-continuous construction
Flushed end plates
Extended end plates

Moment, M

= Continuous Construction
Welded
Mini-haunch

single web angle

Rotation, 6
NCPIRIN REATIVE AND INNOVATIVE MINDS.
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Joints in frame — EC3

@ UNIVERSIT] TEKNOLOGI MALAYSIA

www.utmmy

Connections can be classified according to:

1) Moment Resistance

@ full strength (continuous design)

@ partial strength (semi-continuous design)

@ nominally pinned (simple construction design).
2) Rotational Stiffness

@ rigid, semi-rigid, and nominally pinned
3) Rotation Capacity - ductility

INSPIRING CREATIVE AND INNOVATIVE MINDE.

* Full strength - a
connection with moment

to that of the member. "

OUTM e

resistance at least equal Full Strength

« Partial strength - a Yo ~® MazpyS;
connection with moment 3 ;
resistance, which is less
than that of the member. Partal Strength

-
L

+ Nominally pinned - a
connection, which is
sufficiently flexible with (2) CLASSIFICATION BY STRENGTH
moment resistance not
greater than 25% of M,,.

INSPIRING CREATIVE AND INNOVATIVE MINDE
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1. Moment Resistance

e Continuous design is a design of frame where
connections are considered as rigid joints for elastic
analysis and full strength joints for plastic analysis.

* Semi-continuous design is a design of frame where
semi-rigid connections are modelled as rotational
springs and partial strength connections are modelled as
plastic hinges.

» Simple construction design is a design of frame where
the connections are assumed not to develop moments
that affect the connected members.

INSPIRING CREATIVE AND INNOVATIVE MINDS.

@ UTM | 2. Rotational Stiffness

www.utm.my

* Rigid - a connection which is
stiff enough for the effect of
its flexibility on the frame

®

Rigid

Mot O] bending moment diagram to
7 @’j_______ be neglected and with
! Design Moment minimum deformation and
Semiigid rotation.
e M .‘7'.'-;0'25 Mt!
R plced - + Semi-rigid - a connection,
8 which is too flexible to
(b) CLASSIFICATION BY RIGIDITY quantify as rigid but is not a
pin.

INSPIRING CREATIVE AND INNOVATIVE MINDS
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3. Rotation Capacity

The boundary
s somewhere in
the range between
Non Ductileo'ozﬂﬂmwpuane - D tl t
M ——- uctliie (?Oﬂnec .|on -a
ol connection, which has

a capacity to rotate
sufficiently to form a
plastic hinge.

@ ®

®

.

() CLASSIFICATION BY DUCTILITY

INSPIRING CREATIVE AND INNOVATIVE MINDS.

Relationship between type of frame and construction

Type of Multistorey
Steel Frame

Non Sway Frame ‘ T)f(pes of Sway Frame
rame

\ 4 A 4

Simple Semi- Continuous Semi-

continuous continuous

Continuous

Types of construction

INSPIRING CREATIVE AND INNOVATIVE MINDS
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« The frame has first to be idealised

* Then a frame classification is carried out
— Sway-non sway
— type of construction - connections

« then the method of analysis is will be selected ...
(refer next section)

INSPIRING CREATIVE AND INNOVATIVE MINDS.

& UTM

UNIVERSITI TEKNOLOGI MALAYSIA

Frame classification

Methods of Analysis

[ =
UNIVERSITI TEKNOLOGI MALAYSIA' il |
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@UTM | Global frame analysis

+ Aims of global frame analysis
— Determine the distribution of the internal forces
— Determine the corresponding deformations

* Means

- Adequate models incorporating assumptions about the
behaviour of the structure and its component:

members and joints

INSPIRING CREATIVE AND INNOVATIVE MINDS.

@UTM Requirements for analysis

» Basic principles to be satisfied:

— Equilibrium throughout the structure
— Compatibility of deformation between the frame components
— Constitutive laws for the frame components

* Frame model - element model

— must satisfy the basic principles

INSPIRING CREATIVE AND INNOVATIVE MINDS.
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@UTM Frame behaviour

www.utm.my .
» Actual response of the frame is non linear
— Linear behaviour limited

— Non-linear behaviour due to:

» Geometrical influence of the actual deformed shape
(second order effects)

 Joint behaviour
* Material yielding

INSPIRING CREATIVE AND INNOVATIVE MINDS.

LU ame behaviour

5 Displacement )
Load ||}/ A Full elastic
B Load parameter response
- .
l A~ —
/ UL £ Peak load
I /l

NI IIYY
I

4l ddedd il i iy

4— Elastic limit

Frame

N

Displacement parameter’

INSPIRING CREATIVE AND INNOVATIVE MINDS
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h,
AYAYA'AY

¢F3

h3

VAVAVAYA

¢Fi"’

hs

H1 H2 H3
T T

I
ik

Factors affecting the deformation values;

1.Material properties
2.Geometry of the structure
3.Boundary condition
4.Loadings

Gues =3 A

Ve ﬁ

Fsres = Aai}AA
54Hed = %:

Load, P

o

P

'
,l' First Order Elastic
I
4

(a) Elastic Buckling Load

"""\ (b) second Order Elastic

First Order Rigid-Plastic

R

Elasto-Plastic
(spread of yield)

TRUE BEHAVIOUR

e) First Order
.\Elastic—Plastic (Hinged)
b (d) Second Order

Rigid-Plastic
Second Order AccountingP-8 and P-A
Elastic-Plastic
(Hinged)
(g) Second Order

1

Choice of
analysis

Displacement 8

\\74

29



Decisions related to the analysis approach — EC3

Choice between
—an elastic and a plastic global analysis
—1st order and 2" order analysis

— a traditional approach and a modern
approach to connection representation

— Combination of the above

INSPIRING CREATIVE AND INNOVATIVE MINDS.

@UTM Implications for design of the choice of the

global analysis

www.utm.my

Sophistication in the method of analysis

—

!

Global analysis

effort
required

ULS design checks

—

Simplification in the method of analysis

Overall Design Task= Analysis + Design Checks

INSPIRING CREATIVE AND INNOVATIVE MINDS:
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Relationship between type of frame, construction and analysis

Type of Multistorey
Steel Frame

| Non Sway Frame ‘ | Sway Frame

O

b 4 b 4 - - - g
Simple ‘ Semi-continuous || continuous |Sem|-cont|nuous| |Cont|nuous | é
T o

. =

v \Anonenenoerprororonoomosnoe oo L . Q

2 : o
First order First order ‘ 2nd' r\der analvsis - | z
analysis analysis o Y l 3

Elastic
global
analysis

Simple or
Pin
analysis

Elastic
global
analysis

Plastic global
analysus

Nonlmear
Plastic analysis

PIastlc global
analy5|s

R|g|d Plast|c
analysis

EIastic-PIastlc
analysis

UTM Sway Stability

www.utmmy

A frame is considered to be sway case if:

F . .
a,, =—=>10for elasticanalysis

cr
Ed

a, = Fo >15 for plasticanalysis
Ed

where

a,, s the factor by which the design loading would have to be increased to
cause elastic instability in a global mode

Fgy is the design loading on the structure

F,, isthe elastic critical buckling load for global instability mode based on initial
elastic stiffnesses

INSPIRING CREATIVE AND INNOVATIVE MINDS.
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1st and 2" order analysis

15t order analysis - Indefinite linear
« elastic response of member
sections
* geometry and
e connections

Loaq parameter
h

Aerl_____ L ___

2nd order elastic analysis

>
>

Displacement parameter

[32]
©

INSPIRING CREATIVE AND INNOVATIVE MINDS

Multistorey Steel Frame
1
| |

Non-sway S\'Nay

Depends on frame geometry and load cases under consideration

g Determined by influenced of PA effect
%’ Horizontal loads are carried by Horizontal loads are carried by
> the bracing or by horizontal support the frame
Change of geometry Change of geometry
(2nd-order effect) is negligible (2nd-order effect) significant
First-order elastic analysis with indirect
First-order elastic analysis allowance for second order effect
(stifness analysis, moment distribution) (P-A and P-§ effect)

First-order rigid-plastic analysis with
First-order rigid-plastic analysis indirect allowance for second order effect
(P-A and P-5 effect)

Second-order elastic analysis
Second-order elastic plastic hinged analysis
Second-order elasto-plastic analysis

[eLia1ew pue A1jswoas)
sisAjeue Jo poylaiy
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@ UNIVERSIT] TEKNOLOGI MALAYSIA

www.utm.my
» Framing and joints

- Continuous framing:

= The main approaches are:

Connection modelling in frame analysis

—_
— Simple framing: =————

— Semi-continuous framing: e=—p

rigid joint
pinned joint
semi-rigid joint

the traditional approach in which the joints are considered as

(nominally) pinned or rigid

the semi-rigid approach in which a more realistic model
representing the joint behaviour is used. It is usually introduced
as a spiral spring at the extremity of the member it attaches

(usually the beam).

Steel Frame

uojuyeq

Non-sway

Sway

Depends on frame geometry and load cases under consideration

Determined by influenced of PA effect
Horizontal loads are carried by Horizontal loads are carried by
the bracing or by horizontal support the frame
Change of geometry Change of geometry

(2nd-order effect) is negligible

SISA[eUE JO POyIafy

SiSAeue

anse

First-order elastic analysis
(stifness analysis, moment distribution)

(2nd-order effect) significant

First-order elastic analysis with indirect
allowance for second order effect
(P-A and P-§effect)

Second-order elastic analysis

First-order rigid-plastic analysis

First-order rigid-plastic analysis with indirect
allowance for second order effect
(P-A and P-Jeffect)

Second-order elastic plastic hinged analysis

SISA[eue onse|d

Second-order elasto-plastic analysis

T
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The frame has first to be idealised

Then a frame classification is carried out
= sway-non sway / braced-unbraced

On the basis of the frame class (and the type of steel and
profiles), the type of frame analysis is finally selected

Choice of type analysis/design: depends on type of structure,
available tools , EC3 requirements, etc.

The more sophisticated the analysis tool used, the lesser the
design ULS checks

INSPIRING CREATIVE AND INNOVATIVE MINDS.
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Conception to final design

UNIVERSITI TEKNOLOGI MALAYSIA

Environmental considerations

Architectural | Execution
requirements considerations

Structural solutions:
sound and economic

Prelimina
design

INSPIRING CREATIVE AND INNOVATIVE MINDS

+ Choice between

— an elastic and a plastic global analysis
— 1storder and 2" order analysis

— a traditional approach and a modern approach to
connection representation

— Combination of the above

INSPIRING CREATIVE AND INNOVATIVE MINDS
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@UTM Implications for design of the choice of the

global analysis

www.utm.my

Sophistication in the method of analysis

h

Global analysis

effort
required

ULS design checks

l

—

Simplification in the method of analysis

Overall Design Task= Analysis + Design Checks

INSPIRING CREATIVE AND INNOVATIVE MINDS

@ UNIVERSITI TEKNOLOGI MALAYSIA

——puny utmomu

Steel Frame

Non-sway

Sway

Depends on frame geometry and load cases under consideration

Determined by influenced of PA effect

Horizontal loads are carried by
the bracing or by horizontal support

uojuyeq

Horizontal loads are carried by
the frame

Change of geometry
(2nd-order effect) is negligible

First-order elastic analysis
(stifness analysis, moment distribution)

Change of geometry
(2nd-order effect) significant

First-order elastic analysis with indirect
allowance for second order effect
(P-A and P-§effect)

SiSAeue
alse|l3

Second-order elastic analysis

First-order rigid-plastic analysis

SISA[eUE JO POyIafy

First-order rigid-plastic analysis with indirect
allowance for second order effect
(P-A and P-Jeffect)

Second-order elastic plastic hinged analysis

SISA[eue onse|d

- Second-order elasto-plastic analysis

2/18/2010
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Relationship between type of frame, construction and analysis

Type of Multistorey
Steel Frame

Non Sway Frame

Sway Frame

b 4

Simple

v
Semi-continuous Continuous | Semi-continuous| | Continuous

\ 4

analysis

First order

V—

First order
analysis

e

v_\

N

y

| 2nd order analysis

Simple or
Pin
analysis

Relationship between type of frame, analysis and design

Elastic
global
analysis

+

Elastic-Plastic
analysis

]

v

Plastic global
analysis

N e
Rigid Plastic Nonlinear
analysis

Plastic analysis

|
Plastic global
analysis

Type of Multistorey Steel Frame
(simple construction-pin)

Non Sway Frame

First order
anQIysis

Simple analysis

|

Beam Column Horizontal
analyse as subjected to load carried
simply beam reactions by bracing
supported and inal
moment L
L 2

Non sway mode buckling length used in
member design

Elastic
global
analysis

74
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Andwoah
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Relationship between type of frame, analysis and design

(semi-continuou

Type of Multistorey Steel Frame
s and continuous)

Non Sway Frame

First order
andlysis

2nd order elastic
or plastic analysis

Sway Frame
(next page)

!

Elastic analysis

| |

Rigid-Plastic analysis |

l

A

| Restrictions at all plastic hinge locations

No internal
moment and forces
redistribution

Internal forces and moment of up
to 15% in the peak value can be
redistributed for class 1 or 2

A < 0.4[Af,/N,]°% in all columns
CC i

plastic hing

!

|

|

Non sway mode buckling length used in

member design

75

Relationship between type of frame, analysis and design

Type of Multistorey Steel Frame
(semi-continuous and continuous)

| Non Sway Frame (previous page) |

design

used in member

Sway Frame |
| Elastic Global Analysis i l l
L _— | Plastic Global Analysis |
2nd order First order
anglysis analysis
No internal Internal forces and moment of
moment and forces up to 15% in the peak value

Non-sway mode redistribution can be redistributed for class Next page
buckling leng

ths lor2
Only if Vsd/Vcer < 0.25

¥

{

Sway moments amplified

BV VAR
&

Moment amplification of
1.2 in beams and beams-
to-column connections

v

Non-sway mode
buckling lengths
used in member

v

Sway mode buckling
lengths used in
member design

2/18/2010
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Relationship between type of frame, analysis and design

Type of Multistorey Steel Frame
(semi-continuous and continuous)

Non Sway Frame
(previous page)

| Elastic Global Analysis

Sway Frame

|

Previous page

f—

| Plastic Global Analysis
|

!’

Second order analysis

First order Rigid-Plastic
analysis

7

cross-sec‘tion
resistance checks
may not be
needed.

Restrictions at all plastic
hinge locations

4

A < 0.4[Af,/N_4]°5 in all
columns containing plastic
hinges ¢

Internal moment and forces
amplified byl (Ve,/V. )"
AT

Non-sway moae buckling
lengths used in member
design

| Member resistance |

AN

Cross section
resistance

Buckling
resistance

Resistance of frame members subjected to a combination
of compression, shear and bending moment

l \

Laterally Laterally
_ restrained unrestraineg
compression |shear | bending |
Bending and || Bending Bending Flexural Flexural
compression || and shear and shear buckling buckling
and
bending
~ T { !
FIexu!'aI Flexural Lateral Flexural
buckling buckling torsional buckling and
and buckling Lateral
bending torsional
buckling
78
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Implications of the choice of
the type of analysis on design

@ UNIVERSIT) TEKNOLOGI MALAYSIA

www.utm.my

The more sophisticated the analysis tool employed, the less
are the design check tasks following analysis.

» With a “true” 2nd order elastic analysis, the in-plane
stability check, for the members and for the frame, is no
longer needed.

* Following a “true” 2nd order elastic-plastic analysis, in
addition, cross-section resistance checks may not be
needed.

INSPIRING CREATIVE AND INNOVATIVE MINDS

@ l lTM Choice between elastic analysis
UNIVERSIT) TEKNOLOGI MALAYSIA . and |aSt|C anal SIS

www.utm.my

 Elastic analysis can always be used.

» Plastic analysis allowed only when one meets
the restrictions on steel properties, cross-section
classification, restraints (at or near plastic
hinges) and, if needed, on joint ductility.

INSPIRING CREATIVE AND INNOVATIVE MINDE:
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@ UTMM Choice of method of analysis/design

www.utm.my

Factors which orient the choice:

 type of structure : conception meeting architectural,
environmental and execution considerations and needs

 availability of class 1 and 2 sections for plastic
analysis/design

» other Eurocode requirements: 1st or 2nd order analysis?,
seismic design needed?

» available software/designer’s experience

INSPIRING CREATIVE AND INNOVATIVE MINDS:

@ UTWM Frame classification

www.utm.my

» Decision on the use of bracing or not influences sway
classification

* Preliminary member sizing and estimates of column
vertical loads: use to provide an indication of the sway
classification using:

Vs < 0,1:Non -sway :can use 1st order analysis

cr

Vi > 0,1:Sway :must allow for 2nd order effects

cr

* Industrial portal frame: EC3 not suitable

INSPIRING CREATIVE AND INNOVATIVE MINDE:
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Sway frame : 2nd order effects

@ UNIVERSIT) TEKNOLOGI MALAYSIA

www.utm.my

Alternatives to a “true” 2nd order analysis:

« 1st order analysis + “Amplified Sway Moment” method
when:

Elastiajesign:v% <0,25 = AmplifyM,,,, by }(/1_ )
cr Sd/ Yer

. .V .
Plasticdesign: &/ <0,20 = Amplifyallforcesb
g Vcr P fw y (1_Vsd/vcr)

« 1st order analysis + “Sway Mode Buckling Length” method
(20% sway moment increase) - use not advised

INSPIRING CREATIVE AND INNOVATIVE MINDS:

@ l lTM 1st order elastic analysis
UNIVERSIT) TEKNOLOGI MALAYSIA . and relevant deS| n CheCkS

www.utm.my

* Member sections and joints: ultimate design resistance:
redistribution possible

* In-plane and out-of plane beam-column stability check -
usually with in-plane buckling lengths

* In-plane frame stability : accounted for by including 2nd
order effects (when needed)

» Beams: Lateral torsional buckling
» Others:Local buckling, Fire resistance etc.

INSPIRING CREATIVE AND INNOVATIVE MINDS
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1st order plastic analysis and design

@ UNIVERSIT) TEKNOLOGI MALAYSIA

* Restrictions: (steel properties, section class etc.)

* Rigid-plastic analysis and design:
braced non-sway frames, or unbraced of no more than 2
storeys (but see exception)

» Elastic-plastic analysis and design

* Relevant design checks usually as for 1st order elastic design

INSPIRING CREATIVE AND INNOVATIVE MINDS:

@HIWM 2nd order plastic analysis and design

« Elastic-plastic analysis and design

* Rigid-plastic analysis and design with amplified forces -based on Merchant-
Rankine formula (use restricted)

+ Merchant-Rankine approach - not explicitly mentioned in EC3

« Design checks depend on analysis tool, mostly as for 2nd order elastic
analysis

INSPIRING CREATIVE AND INNOVATIVE MINDE:
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Traditional approaches to design

* Pinned-Rigid Joints + elastic analysis

* Rigid- plastic analysis/design : in some countries only:
Industrial portal frames and other frames of no more than 2
storeys

+ “Wind-moment” + elastic analysis
- no moment in joints for vertical loads only
- joints transmit moments due to wind

+ Partial strength non-sway frames: plastic hinges at joints and
in beam span

INSPIRING CREATIVE AND INNOVATIVE MINDS:

OUTM Traditional design approach
PRELIMINARY DESIGN OF MEMBERS
JOINTS ASSUMED RIGID/PINNED

'
NO FRAME ANALYSIS
AND DESIGN

|

FRAME DESIGN O.K.?

—_——— = = =

YES
JOINT DESIGN

!

STOP
INSPIRING CREATIVE Anw munOVATIVE MINDS
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@UTWM Modern design approach

— PRELIMINARY DESIGN OF MEMBERS
AND JOINTS

|

JOINT CHARACTERISATION
rigid/semi-rigid/pinned

NO |

FRAME ANALYSIS
AND DESIGN

|

FRAME AND JOINT DESIGN O.K.?

YES

STOP
INSPIRING CREATIVE AND INNOVATIVE MINDS

Modern approach = consistent design : include joint response I

« Joint response allowed for from the outset i.e. from the preliminary design
stage
— Member sizing allows for joint response
« Better appreciation of structural behaviour
« Can optimise overall costs, noting that
— a significant part of fabrication and erection costs is related to joints
— the least weight frame solution is not necessarily the cheapest

Note: If sway, advised to use “true” 2nd order analysis

2/18/2010
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www.utm.my

Design practice and its implications

Role Case A Case B1 Case B2
Member Engineer Engineer Fabricator
design

Joint Fabricator | Engineer Fabricator
design

Fabrication | Fabricator | Fabricator | Fabricator

2/18/2010

Roles of the parties in the design and fabrication processes

« Case A sometimes leads to costly joint reinforcement if rigid joints have
been adopted

« Case B1 requires the designer to be aware of the implications of joint
assumption on costs

+ Case B2 s ideal for a consistent design approach which aims at global
economy

INSPIRING CREATIVE AND INNOVATIVE MIND<:

@UTM Practical application of
UNIVERSITI TEKNOLOGI MALAYSIA . modern deSI . n . . roaches

www.utm.my

Approaches easily integrated into current design practices:

+ “Good guess stiffness” for semi-rigid joint + elastic analysis

« “Fixity factor” approach in the traditional approach using elastic
analysis

* Rigid-plastic analysis of non-sway frames using partial strength
joints

INSPIRING CREATIVE AND INNOVATIVE MIND<:
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+ Choice of type analysis/design: depends on type of
structure, available tools , EC3 requirements, etc.

« The more sophisticated the analysis tool used, the lesser
the design ULS checks

« Joint representation: a consistent approach can permit
optimisation of costs

« Simple aids exist for integrating the « consistent approach »
into traditional practice/breakdown of design tasks

INSPIRING CREATIVE AND INNOVATIVE MIND<:
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