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Contains rules for assessment & retrofitting of steel and composite-steel
concrete structures

« Section 9.1 scope

« Section 9.2 Identification of geometry, details and materials

« Section 9.3 Structural modelling

« Section 9.4 Resistance and deformation models for assessment
« Section 9.5 Verification of limit states

« Section 9.6 Resistance models for retrofitting
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Section 9.2: Identification of geometry, details and materials

9.2.2 Geometry

ldentify the lateral load resisting systems

Size and thickness of connecting elements (e.g., beams, columns, bracings)

Cross-sectional / member geometry

Possible eccentricities between
« beams and column axes,
* bracing end connections

Base metal and connector materials
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Section 9.2: Identification of geometry, details and materials
9.2.3 Details

Source: Skiadopoulos and Lignos (2023)
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Section 9.2: Identification of geometry, details and materials

9.2.3 Details (2)
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Source: Skiadopoulos and Lignos (2022)
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Section 9.2: Identification of geometry, details and materials
9.2.3 Details (3)
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Source: Lignos (2016)
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Section 9.2: Identification of geometry, details and materials
9.2.3 Details (4)
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Source: Lignos (2016)
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Section 9.2: Identification of geometry, details and materials
9.2.3 Details (5)

Consistent with new Annex E (EN1998-1-2:2022) Eccentric bracing-end connections

= Bracing
member

Splice

Image courtesy of Prof. Robert Tremblay, EPM Image courtesy of Prof. Dimitrios Lignos, EPFL
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Section 9.2: Identification of geometry, details and materials

9.2.3 Details (6) — Examples on deficient details in bracing end connections

Images courtesy of Prof. Dimitrios Lignos, EPFL
(Lignos et al. 2012)
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Section 9.2: Identification of geometry, details and materials
9.2.4 Materials

Base
metal

@Skiadopoulos et al. (2023) @Prof. Lignos, Riveted bridge, CH
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Section 9.2: Identification of geometry, details and materials

9.2.4 Structural steel (base metal)

Table 9.3 Nominal yield and ultimate tensile strength for steel materials

Date of Material Nominal yield Nominal tensile
Base metal Production Grade strength, fy strength, fy
[MPa] [MPa]
Before 1901 Pre-standardized structural steel 70 120
1850-1900 Wrought iron ?1«12)(1]:1 homogeneous 220 120
Before 1920 Cast iron Not applicable Not applicable
1900-1940 Homogeneous iron 235 335
1925-1955 Mild steel 235 360
S235
S275 According to According to
1993 - current S355 EN1993-1-1:2023 EN1993-1-1:2023
S420 (see Table 5.1) (see Table 5.1)
S460
. S260 : .
@Skiadopoulos et al. (2023) 3315 According to According to
1993 - current 3355 EN1993-1-1:2023 EN1993-1-1:2023
S420 (see Table 5.2) (see Table 5.2)
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Section 9.2: Identification of geometry, details and materials
9.2.4 Weld Metal

Table 9.4 Default ultimate tensile strength for existing welds

Listing in Design Documents Construction Date Default Value
The specified minimum tensile strength for the
Filler metal listed Any filler metal classification according to prEN
1993-1-8:2020, 6.
1980 or later 460 MPa

Filler metal not listed

Prior to 1980 400 MPa

@Skiadopoulos et al. (2023)

Dimitrios Lignos 224 November 2023 Slide 12



EC8 Webinars

Second Generation of Eurocode 8 Y European | AW

== Commission

Section 9.2: Identification of geometry, details and materials
9.2.4 Weld Metal (2)

Table 9.5 Default CVN toughness for existing welds

Listing in Design Documents Filler Metal Properties Default Value

The filler metal classification has | The specified minimum CVN notch
specified CVN toughness toughness for the filler metal
requirements classification

The filler metal met the

Filler metal listed requirements of EN 1090-2: 2018 50 Joules at 21°C
for a demand critical weld

The filler metal classification has
no specified minimum CVN 14 Joules at 21°C
toughness requirements

Filler metal not listed Any 14 Joules at 21°C
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Section 9.3: Structural modelling

General definition of piecewise linear load-deformation relationship

Concentrated 0 0
plasticity 5 Lt,1 60"1 | 5 fl | 5 cpl
; Q* - =§< —E
o%t '
Q*
___________ Nonlinear \\\
. spring hinge 5y 2 3, S "
Limited ductile behaviour Ductile behaviour

EN1998-1-1:2022 (Clause 7.3)

Structural elements according to DC2 and DC3 are covered in EN1998-1-1:2022 (Clause 7.3)

PrCEN/TS 1998-1-101 (Technical specification for loading protocols and acceptance criteria)
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Section 9.4: Resistance and deformation models for assessment

« 9.4.2 Beams and columns under flexure with or without axial load

9.4.3 Steel bracings

9.4.4 Links in frames with eccentric bracings

9.4.5 Buckling-restrained bracings

9.4.6 Steel column and beam splices

9.4.7 Beam-to-column web panel joint

9.4.8 Bracing-end connections
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Section 9.4: Resistance and deformation models for assessment
-The models are based on more than 1500 collected experiments

Material scale (over 10 steel grades)

_'_.ui =

Beam 2-11-2021

HY650X300X16x25 |Flange
Specimen 1 — West South

EPFLEEE

& NIPPON STEEL

Hartloper et al. (2023)

Hollow structural steel columns

Lignos and Krawinkler (2010)

Steel beam-to-column joints

Lignos and Krawinkler (2011)
Steel braces (HSS, round HSS, I-shaped, L-shaped)

Karamanci and Lignos (2014)

I- H- shaped steel columns

Elkady and Lignos (2018)

Beam-to-column web panel

Skiadopoulos and Lignos (2021)

s
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Section 9.4: Resistance and deformation models for assessment
-Methodology
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Section 9.4: Resistance and deformation models for assessment
-9.4.2 Beams and columns under flexure with or without axial load

Table 9.8 Steel beam-to-column joint types

Joint Type Description Rigidity | Resistance
Welded unreinforced | Full penetration butt welds between beam and column Ricid Full-streneth
flange bolted web flanges, bolted web £ £

Bolted end plate-stiffened | Stiffened end plate welded to beam and column flange | Rigid Full-strength

Reduced beam section | Connection in which the beam flange is reduced to force Rigid Full-strength

(RBS) plastic hinging away from column face
Bolted end plate — | Unstiffened end plate welded to beam and bolted to | Semi- Partial
Unstiffened* column flange rigid strength
Top and bottom seat-angle Clip angle bolted or riveted to beam flange and column ng- Partial
flange rigid strength
Double split Tee (T-stub) Split tees bolted or riveted to beam flange and column Seml- Partial
flange rigid strength
Bolted flange plate Bolted to both the beam and girder webs Flexible Partial
strength
Simple shear tab Simple connection with bolted shear tab Flexible Partial
strength

* Depending on the end plate thickness, bolted end plate beam-to-column joints may be classified as rigid and full-
strength connections according to EN 1993-1-8.
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Section 9.4: Resistance and deformation models for assessment
-9.4.2.2.2 Steel beams with non-compliant seismic weld detailing

Resistance models

M; = 1,1 W f,

M = M + anK.8  (a, = 0,03)

Deformation models

p] tfi bf | -
§Y = 0,048 — 0,000433 h T
t, ]" h
9 8. = 0,056 — 0,000433 h rJt |

LYY
LAAN
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Section 9.4: Resistance and deformation models for assessment
-9.4.2.2.1 Steel beams with compliant seismic weld detailing (in DC2 or DC3)

Resistance models N L N ,
L | —
M; = 1,1wpm Mgy — CQ A;[\ e
. . E g | fude € |
Mu = 1;1My L, B: C‘J Fe :{
" ' | iy -
Deformation models
. c\=09 / b, -1,1 Ly -0,2 Lo\~ Y! E 0,2
t=os0i) @) @) G
tow 2t¢ i, h Wrm fy
- C _0’9 b —0,2 L —0,5 E 0’1
5P = 6,4 (—) (—f) (—b) ( < 0,05 rad
tw th lz wrmfy
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Section 9.4: Resistance and deformation models for assessment
-9.4.2.4.2 Steel beams in partial-strength beam-to-column joints
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Section 9.4: Resistance and deformation models for assessment
-Example and comparison with existing Eurocode 8-Part3

New Eurocode 8 Part3

300

]
3

Existing Eurocdde 8-Part3

3

Bending Moment (kNm)
o

..{—Monctonic test

—Cyclic test

-0.1 -0.05 0 0.05 0.1 0.15
Chord rotation (rad)

Cantilever steel beam test data (D' Aniello et al. 2012)
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Section 9.4: Resistance and deformation models for assessment
-9.4.2.2.1 |- and H-shaped steel columns

Resistance models

* NEd,G
My = 1,150, (1 —

Xz Nri/ VM1

) XLT My,Rk/)/M1

M}, = Mj + ay K605

Deformation models
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Source: Lignos et al. (2019)
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Section 9.4: Resistance and deformation models for assessment
-9.4.3 Steel bracings (see also EN1998-1-1:2022, Clause 7.3.3)

A
First cycle envelope
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Section 9.4: Resistance and deformation models for assessment
-9.4.3 Steel bracings (see also EN1998-1-1:2022, Clause 7.3.3)

N“
Resistance models
Npre| 3 Nple = Wrmfy4, Ng = Nppe (tensile load)
Ny e = Wrm Ny Rd» Ng =0,20 o;nNpra  (compressive load)
> ~—; Deformation models (example hollow structural steel sections)
N y u

0,4
A /’lf -1,0 Lcr wrmf J
5¢ = 3,75( ) Y5 wd,
el v Acta i | E 0
| A —1o L ’wrmf —
t — cr y 6
6u 5,8 (ACI.I) l E y

Source: Lignos (2023)
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Section 9.4: Resistance and deformation models for assessment
-Developed web-based interfaces for exploitation of models & data

== RESSLab Hub x o+ 5
https://resslab-hub.epfl.ch/ e % Do @@ @
RESSLab Hub ~ CONNECTIONS ~ COLUMNS  BRACES ~ MATERIALS  RESIDUAL STRESSES ®

RESSLab Hub:,Open-access databases and models for design and assessment

of steel structures

Recent in Per Based q =
Engineering enable studies to benchmark the seismic -
performance of infrastructure systems, further develop our
codes and standards and to minimize the impacts of

earthquakes worldwide. Moreover, digitalization of our cities srn ‘ oY
requires the use of standardized predictive models for ? u)

maintenance and life-cycle assessment of infrastructure oy ® ,,)
systems. Within such a context, the RESSLab-hub provides v N
P to the and research i
to databases along with state-of-the-art modeling with the
overarching goal to advance knowledge for minimizing the
earthquake risk of steel and composite-steel concrete
structures. ®

@
RESSLab Hub is composed of :
- Databases @ I Braces
@ Columns
- Component Models
P @ Connections
- Fragility Curves ® s
- .. and future updates @ I Residual Stresses
= Leafiet

Universities contributed

Tutorial video will be available here

s

© Lignos (2023)
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Section 9.5: Verification of limit states

Deformation capacity of a primary or secondary structural element (Near Collapse)

5e = Su(or c) From section 9.4 (depending on the element)
VRd From secftion 9.5.2 to 9.5.7 (depending on the element)
Column Type Dominant KL 1 2 3

Steel I- or H-shaped G 1,15 1,10 1,10

Steel hollow structural steel (HSS) G 1,05 1,00 1,00

Encased composite G 1,05 1,00 1,00

Filled composite G 0,90 0,90 0,90

Reinforced concrete According to 8.5.1.1 or 8.5.2.1, whichever is applicable
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Section 9.5: Verification of limit states

Deformation capacity of a primary or secondary structural element (Significant Damage)

_ Sy +aspebuerey asp,e from EN1998-1-1:2022
SD —

Yrd depends on the element

Deformation capacity of a primary or secondary structural element (Damage Limitation)

B From secftion 9.4 (depending on the element)

y

Sei =
" yra —— 1,1 (primary) or 1,0 (secondary)

Non-dissipative connections (or joints)
Q% From section 9.4 (depending on the element)

Yra —— May be considered as constant (equal to 1,1)

One =
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Section 9.6: Resistance models for retrofitting

e« 9.6.1 Generdl

9.6.2 Weld retrofits

9.6.3 Retrofitting with stiffener or doubler plates

9.6.4 Beam-to-column joint retrofitting with haunched stiffeners

9.6.5 Retrofitting with encased composite columns

9.6.6 Retrofitting riveted or bolted connections and joints
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Thank you for your kind attention!
Questions?

dimitrios.lignos @epfl.ch
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