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Figure 8.5 — Buckling curves
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Table 8.2 — Imperfection factors for buckling curves
Buckling curve agy a b c d
Imperfection factor a 0,13 0,21 0,34 0,49 0,76
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Research objective: to define a new modified imperfection factor for hot-rolled sections in
order to restore the continuity in the design procedure
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The validation was performed on the experimental tests carried out on heavy hot-rolled sections at the Fritz
Engineering Laboratory in 1972
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A good correspondence between numerical simulations and the new upcoming standard -

FprEN1993-1-1: 2022 has been contemplated.
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Intermediate grades are categorized within the same buckling curve as S235, which has
32

been evaluated as very conservative.
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a * (}\ — 0,2) =0 =0 * f recommended factors for S235 and S460
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a * (}\ — 0,2) =0 =0 * f recommended factors for S235 and S460
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apgy evaluated for each f,
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Proposal of a new modified imperfection factor
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Advantage of this proposal: to keep the same buckling curve denomination for S235 ; to continuously
account for the yield strength and thus to induce weight saving. Indeed, even a small increase of buckling
resistance may lead to a gain of one or several profiles when designing a steel column.

Xproposal
XEC3

Resistance gain

11

1.09

N
o
®

N
o
N

N
=
>

N
o
o

1.04

1.03

1.02

1.01

Urban & Environmental
STZEOEZE Engineering
Minor-axis

T T

Reduced slenderness \

42




|NORDIC v I[:f-%Ean & Enwronmental
STEE Engineering

2024

Conclusions & perspectives

43



— N
NORDIC ' ﬂf‘?:au;i‘;rg:lévironmental
irZEOEZE Engineering

Conclusions & perspectives

v’ Existing design rules for flexural buckling have been
assessed ;

44



NORDIC @ LIEGE université
STEEL Urban & Environmental

2024 Engineering
Conclusions & perspectives

v’ Existing design rules for flexural buckling have been
assessed ;

v’ A literature review has been realised to determine
existing continuous expressions ;

45



NORDIC @ LIEGE université
STEEL Urban & Environmental

2024 Engineering

Conclusions & perspectives

v’ Existing design rules for flexural buckling have been

assessed ;
v' A literature review has been realised to determine

existing continuous expressions ;
v" A new modified imperfection factor has been proposed ;

46



Conclusions & perspectives

v’ Existing design rules for flexural buckling have been
assessed ;

v’ A literature review has been realised to determine
existing continuous expressions ;

v" A new modified imperfection factor has been proposed ;

NORDIC ¢ LIEGE université

STEEL Urban & Environmental
2024 Engineering
n=ax(1-02)
Buckling curves
Buckling $235 5460
Cross-section Limits abo.ut 5275 upto
axis s355 5700
5420 inclusive
& iE: ;\ <40 Y ’ >
=1 tr < mm
é e § ! z-z b a
T |- y—f—y
° ~ y-y b a
E ) EI ty < 100 mm
3 N = 7z c b

Table 8.3 of FprEN1993-1-1: 2022

47




Conclusions & perspectives

v’ Existing design rules for flexural buckling have been
assessed ;

v A literature review has been realised to determine
existing continuous expressions ;

v" A new modified imperfection factor has been proposed ;

NORDIC
STEEL

g LIEGE université
Urban & Environmental
Engineering

n=ax* ()l - 0.2)
Buckling curves
Buckling 5235 5460
Cross-section Limits about $275 upto
axis 5355 5700
S420 inclusive
g Lb — Q 73 <40mm
g = z-z b a
f = y——y
5 ~ vy b a
2 . ul s 100 mm
1] e
= z =
= : = z-z ¢ b
o

Table 8.3 of FprEN1993-1-1: 2022

0.7
) . 235
n=a"=* (/1— 0.2), witha* = a * (_)
Jy
Buckling .
Cross-section Limits about Buckling
. curve
axis
a = o~
5 Nl o ¥y a
5 g== | A| r<s0mm
b = zz b
T s vy
2 o yy b
= | 5| ¢ = 100mm
< K
2 H L
2 b - z-z ¢

Proposal of modification




Conclusions & perspectives

DN N N

Existing design rules for flexural buckling have been
assessed ;

A literature review has been realised to determine
existing continuous expressions ;

A new modified imperfection factor has been proposed ;
This proposal may lead to weight, carbon & cost savings.

NORDIC
STEEL

2024

g LIEGE université
Urban & Environmental
Engineering

n=ax(1-02)

Cross-section Limits

Buckling
about
axis

Buckling curves

$235
$275
§355
5420

5460

up to

§700
inclusive

Rolled I- or H-sections

Yy

a

El

tr <40 mm

z-z

b

a

ty < 100 mm

y-y

b

a

h/b<1.2 | h/b>1.2

z-z

c

b

Table 8.3 of FprEN1993-1-1: 2022

0.7
) . 235
n=a"* (/1— 0.2), with a* = a * (—)
Jy
Buckling .
Cross-section Limits about Buckling
. curve
axis
H =| o~
5 Nl o ¥y a
T 5N Al tr<40mm
b = zz b
{ = Y=Yy
° o ¥y b
= U |G| t = 100mm
< Q
2 z <
2 b < z-z ¢
49

Proposal of modification




Conclusions & perspectives

v

AN

Existing design rules for flexural buckling have been
assessed ;

A literature review has been realised to determine
existing continuous expressions ;

A new modified imperfection factor has been proposed ;
This proposal may lead to weight, carbon & cost savings.
The approach can be applied to other section typologies
in order to generalize the conclusions ;

NORDIC
STEEL

2024

g LIEGE université
Urban & Environmental
Engineering

n=ax(1-02)

Cross-section Limits

Buckling
about
axis

Buckling curves

$235
$275
§355
5420

5460

up to

§700
inclusive

Rolled I- or H-sections

Yy

a

El

tr <40 mm

z-z

b

a

ty < 100 mm

y-y

b

a

h/b<1.2 | h/b>1.2

z-z

c

b

Table 8.3 of FprEN1993-1-1: 2022

0.7
) . 235
n=a"* (/1— 0.2), with a* = a * (—)
Jy
Buckling .
Cross-section Limits about Buckling
. curve
axis
H =| o~
5 Nl o ¥y a
T 5N Al tr<40mm
b = zz b
{ = Y=Yy
° o ¥y b
= U |G| t = 100mm
< Q
2 z <
2 b < z-z ¢

Proposal of modification




Conclusions & perspectives

v

AN

Existing design rules for flexural buckling have been
assessed ;

A literature review has been realised to determine
existing continuous expressions ;

A new modified imperfection factor has been proposed ;
This proposal may lead to weight, carbon & cost savings.
The approach can be applied to other section typologies
in order to generalize the conclusions ;

Buckling tests should be realised to confirm the numerical
results and calibrate the partial safety coefficient.

NORDIC
STEEL

2024

g LIEGE université
Urban & Environmental
Engineering

n=ax(1-02)

Cross-section Limits

Buckling
about
axis

Buckling curves

$235
$275
§355
5420

5460

up to

§700
inclusive

Rolled I- or H-sections

Yy

a

El

tr <40 mm

z-z

b

a

ty < 100 mm

y-y

b

a

h/b<1.2 | h/b>1.2

z-z

c

b

Table 8.3 of FprEN1993-1-1: 2022

235

- 0.7
n=a"=* (/1— 0.2), witha™ = a = (—)

Proposal of modification

Jy
Buckling .
Cross-section Limits about Buckling
. curve
axis

g “l 2 p y-y a
T 5N Al tr<40mm
b = zz b
T s vy
2 o yy b
= U |5 | tr s 100mm
3 + 3
2 b < z-z c
o




Conclusions & perspectives

v’ Existing design rules for flexural buckling have been
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A literature review has been realised to determine

existing continuous expressions ;

A new modified imperfection factor has been proposed ;

This proposal may lead to weight, carbon & cost savings.

*¢ The approach can be applied to other section typologies
in order to generalize the conclusions ;

** Buckling tests should be realised to confirm the numerical
results and calibrate the partial safety coefficient.

1 Extended version

Journal paper: L. Saufnay, J-P Jaspart and J.-F Demonceau.
“Improvement of the prediction of the flexural buckling resistance of
hot-rolled mild and high-strength steel members” Engineering
Structures, Elsevier, 2024 [Manuscript accepted — in production]
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