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Introduction

This course will explain the calculation of steel following the EN 1993-1-1: General rules and rules for
buildings and EN 1993-1-2: Design of Steel Structures: Structural fire design.

Most of the options in the course can be calculated/checked in SCIA Engineer with the Concept
edition.

For some supplementary checks an extra module (or edition) is required, but this will always be
indicated in those paragraphs.
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Cross-sections

SCIA Engineer will use the axes y-y and z-z respectively for the major and minor principal axes of the

cross section.

If the principal axes not coincide with the y-y and z-z axes following the EN 1993-1-1, also those axes

are indicated:

EN 1993-1-1 SCIA Engineer EN 1993-1-1 SCIA Engineer
z b z
b + 2
Z
[ ot
At
hlod oy |y hl y—rt—y d

| Lt
|
= —= L

b z

z b 2

ZLCS

ZLCS

In the steel code check, the strong axis will always be considered as the y-y axis. So when inputting a
profile in which the local y-axis does not corresponds with the strong axis, the axes are switched in the
steel code check and SCIA Engineer will give a message about the axes.

Example: Local Axes.esa

The strong axis of this cross section in the local z-axis:

z

LA

A 600.00

thb 15.00

B 300.00

tha 15.00




This beam is only loaded by a line load in the z-direction, resulting in a moment My and a shear force
Vz on the beam.

When looking at the steel code check, the axes are switched and the strong axis is taken as local y-
axis:

The critical check is on position 0.000 m

Axis definition :

- principal y- axis in this code check is referring to the principal z axis in Scia Engineer
- principal z- axis in this code check is referring to the principal y axis in Scia Engineer

Internal forces |Calculated |Unit
M,Ed 0,00 kM
Wy, Ed 300,00 kM
vz, Ed 0,00 kM
T,Ed 0,00 kMm
My, Ed 0,00 kMm
Mz,Ed -300,00 kMm

This is indicated in steel code check and also the internal forces are switched following the new local
axis.

The following sections are classified during the steel code checks

So as | profile only the indicated profiles are recognized. The other I-forms are not recognized as an I-
profile, and e.g. a classification cannot be executed for those forms.

| Symmetric | shape

from library

thin walled geometric

I

1L

sheet welded Iw I
0

RHS Rectangular Hollow Section

from library ‘

thin walled geometric

CHS Circular Hollow Section

from library

thin walled geometric

L Angle Section

from library
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thin walled geometric D
U Channel Section
from library [ |
thin walled geometric E
T T Section
from library I |
thin walled geometric
sheet welded Tw T
PPL Asymmetric | shape
from library ‘ I |
thin walled geometric I
sheet welded Iwn II!
z Z Section
from library | 1
thin walled geometric 1
RS Rectangular Sections
from library n
thin walled geometric |:|
O Solid Tube
from library 0 |
thin walled geometric O
> Cold formed sections
from library ‘n
pairs 2CFUo j| |E




pairs 2CFUc

LJ
T

o
JL

pairs 2CFLT

General Cross Section: thin walled

NUM Numerical section

Numerical section

COM all others

The standard profile sections (from library) have fixed sections properties and dimensions, which have
to be present in the profile library. The section properties and the required dimension properties are
described in the Theoretical Background (Ref.[32]).

Example: Cross Section.esa

3 cross sections:

o  HEA300 from library

o  HEA3O0O0 inputted as a general cross section (Imported from dwg)
o HEA 300 inputted as a general shape

Only the first profile is recognized as a symmetric I-shape

The second and third profile are not recognized as a symmetric I-shape

The first profile will be classified as an I-profile and a plastic check will be performed.
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- The second and third profile cannot be classified, so an elastic check will be performed. This will
results in different checks:

o
2

126

Remark:

The general cross section cannot be imported in SCIA Engineer with the concept edition.
For this option the Professional or Expert edition is necessary or module esa.07.




Materials

For standard steel grades, the yield strength f, and tensile strength f, are defined according to the
thickness of the element.

The standard steel grades as defined in Table 3.1 of the EN 1993-1-1 are:

Table 3.1: Nominal values of yield strength f, and ultimate tensile strength f, for
hot rolled structural steel

Nominal thickness of the element t [mm]
Standard
and t<40 mm 40 mm < t < 80 mm
steel grade 5
f, [N/mm~] £, [N/mm’] £, [N/mn’] £, [N/mm’]

EN 10025-2

S 235 235 360 215 360
S 275 275 430 255 410
S 355 355 510 335 470
S 450 440 550 410 550
EN 10025-3

S 275 N/NL 275 390 255 370
S 355 N/NL 355 490 335 470
S 420 N/NL 420 520 390 520
S 460 N/NL 460 540 430 540
EN 10025-4

S 275 M/ML 275 370 255 360
S 355 M/ML 355 470 335 450
S 420 M/ML 420 520 390 500
S 460 M/ML 460 540 430 530
EN 10025-5

S235W 235 360 215 340
S355W 355 510 335 490
EN 10025-6

S 460 Q/QL/QL1 460 570 440 550

Table 3.1 (continued): Nominal values of yield strength fy, and ultimate tensile
strength f, for structural hollow sections

Nominal thickness of the element t [mm]
Standard
and t <40 mm 40 mm < t < 80 mm
steel grade
£, [N/mm’] £, [N/mm’] £, [N/mm’] £, [N/mm’]
EN 10210-1
S235H 235 360 215 340
S275H 275 43 255 410
S355H 355 510 335 490
S 275 NH/NLH 275 390 255 370
S 355 NH/NLH 355 490 335 470
S 420 NH/NHL 420 540 390 520
S 460 NH/NLH 460 560 430 550
EN 10219-1
S235H 235 360
S275H 275 43
S355H 355 510
S 275 NH/NLH 275 370
S 355 NH/NLH 355 470
S 460 NH/NLH 460 550
S 275 MH/MLH 275 360
S 355 MH/MLH 355 470
S 420 MH/MLH 420 500
S 460 MH/MLH 460 530
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Those materials are included in SCIA Engineer:

i B BEE - S @A

I

5275

5355

5450

5275 N/ML
5355 N/ML
5420 MN/MNL

5 460 N/ML
5275 M/ML
5355 M/ML
5420 M/ML

5 460 M/ML
5235W
5355w

5460 Q/QL/QLY
5235H
5275H
5355H

5273 NH/MLH
5355 NH/NLH
5 460 NH/MLH
5275 MH/MLH
5335 MH/MLH
5420 MH/MLH
5 460 MH/MLH
HISTAR 335
HISTAR 335 L
HISTAR 460
HISTAR 460 L
FRITENAR 335

~naan

L

|Name

= Code independent

Material type

Thermal expansion [m/mk]

Unit mass [kg/m*3]

E modulus [MPa]

Peoisson coeff,

Independent G modulus

G modulus [MPa]

Log. decrement (non-uniform damping only)
Celour

Thermal expansion (for fire resistance) [m/mK]
Specific heat [J/gK]

Thermal conductivity [W/mkK]

= Material behaviour for nonlinear analysis

Material behaviour

= EC3

Ultimate strength [MPa]
Yield strength [MPa]

Thickness range

Steel

0,00

7830,0
2,1000e+05
03
8,07659e+04
0,15

0,00
6,0000e-01
4 5000e+01

Elastic

360,0
2350

MNew " Ingert " Edit " Delete |

The Histar and Fritenar steel grades have been implemented according to Arcelor.

With the option “Thickness range” the influence of the thickness on the yield strength f, and tensile
strength f, are defined. When inputting a new user defined material in SCIA Engineer, also this
thickness range for this material can be inputted:

- Materials

AHeREk o & FEE A ST
5235 ~ [ Name 5235

:;;; El Code independent

a5 Material type Steel

5275 N/NL Thermal expansion [m/mk] 0,00

5355 N/NL Unit mass [kg/m”3] 7850,0

5420 N/NL

<260 N/NL £ modulus [MPa] 2,1000e+05
5275 MYML Poisson coeff, 03

§ 355 M/ML Independent G modulus E

5420 MYML Y
<450 WML G modulus [MPa] 8,0769e+04
S235W Log. decrement (non-uniform damping only) 015

s355W Colour I
Zggggmuem Thermal expansion (for fire resistance) [m/mK] 000

S275H Specific heat [J/gK] 6,0000e-01
§355H Thermal conductivity [W/mK] 4,5000e+01
5275 NH/NLH &I Material behaviour for nonlinear analysis

5355 NH/NLH =

5450 NH/NLH Material behaviour Elastic -
5275 MH/MLH o Ec3

§355 MH/MLH Ultimate strength [MPa] 350,0

5420 MH/MLH

5460 MH/MLH

HISTAR 355 Thickness range

HISTAR 355 L

HISTAR 460

HISTAR 460 L

FRITENAR 353

.

Close

Lower imit [mm] | Condition | Upper imit [mm] | fy [MPa] | fu [MPa] |
1 0 <te= E) 2350 3600
2 ) <t<= 2 2150 3600
B 0 <tes 0 00 00
Test data | oK I Cancel

Example: NA_Material_Strength_Application.esa

In this example a material of the National Annex of Belgium has been inputted manually: S 275 J2.
This material has a lot of thickness range strength reductions:




Lower limit [mm)] |

Conditicn

Upper limit [rmm] |

fy [MPa]

fu [MPa]

0,00

(=10 == T (N = T T N PR )y L

*

16,00
40,00
63,00
30,00
100,00
150,00
200,00
250,00

0,00

“te=
cte=z
<t<=
“te=
cte=z
<t<=
“te=
“<t<=
<t<=

<t<=

16,00
40,00
£3,00
20,00
100,00
150,00
200,00
250,00
400,00

0,00

Test data

2750
265,0
255,0
245,0
2350
2250
2150
205,0
185,0
0,0

| o]

430,0
430,0
430,0
430,0
430,0
430,0
30,0
430,0
430,0
0,0

Cancel |

And for each beam the correct yield strength has been taken into account according to the inputted

table above:
CS1 CS2 CS3 CS4
z z
v y &
= v
s 50.00 =
s 402.00
Formcode 1- | sections Formcode 1 - | sections Formcode 1 - | sections
h [mm] 80,00 h [mm] 600,00 h [mm] 1000,00 Formcode 1 - | sections
1000,00
b [mm] 45,00 b [mm] 220,00 b [mm] 500,00 :["‘"‘i .
mm )
520

t[mm] . t [mm] 15,00 t [mm] 220,00 [l 220,00
s [mm] 3,80 s [mm] 12,00 s [mm] 50,00  [mm] 402,00
r[mm] 5,00 r [mm] 24,00 r [mm] 12,00 - 12,00
r1 [mm] 0,00 r1 [mm] 0,00 1 [mm] 0,00 1 [mm] 0,00
a[%] 0 a[%) 0 a[%] 0 a[%] 0
W [mm] 0.00 W [rmm] 116,00 W [mm] 0,00 W [mm] 0,00
wm [mm*2] 0,00 wm [mm#2] 0,00 wm [mm*2] 0,00 wrm [mm*2] 0,00
Material Material Material Material
Yield strength fy 2750 [MPa Yield strength fy 2650 |MPa Yield strength fy 2050 [MPa Yield strength fy 1950 |MPa
Ultimate strength fu [430,0 |MPa Ultimate strength fu |430,0 |MPa Ultimate strength fu [430,0 |MPa Ultimate strength fu [430,0 |MPa
Fabrication Rolled Fabrication Rolled Fabrication Rolled Fabrication Rolled
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Section classification

The classification is executed following EN 1993-1-1, art. 5.5.

Four classes of cross sections are defined:

e Class 1 (EC3, NEN) or PL-PL (DIN) section
Cross sections which can form a plastic hinge with the rotation capacity required for plastic
analysis

e Class 2 (EC3, NEN) or EL-PL (DIN) section
Cross sections which can develop their plastic moment resistance, but have limited rotation
capacity.

e Class 3 (EC3, NEN) or EL-EL (DIN) section
Cross sections in which the calculated stress in the extreme compression fibre of the steel
member can reach its yield strength, but local buckling is liable to prevent development of the
plastic moment resistance.

e Class 4 (EC3, NEN) or Slender section
Cross sections in which it is necessary to make explicit allowance for the effects of local buckling
when determining their moment resistance or compression resistance.

Definition of the classification of cross-section

Wfé‘;\%

Global
analysis
Available of
rotation | Structures
Class| Behaviour model | Design resistance c?pacity Mi
of plastic
hinge 4 Class 1
PLASTIC Miwil—amaaee L o, SRR
Mp‘._M. & el elastic ph Rl ! ‘ Class2 |
1 hd; ny important or, M oifeene- Dmwele :
buckling o plastic o, Rd | Class 3 !
o I e !
- | ““Class 4 i
7 PLASTIC elastic : ; i
V% (i R across full section or, 1 1 !
L plastic ! ! :
2 Jocal fy limited (if required | ' !
buckling @ ] Joution 1 1 !
__D9RI0E V. [ capacities are | 1 !
and satsie) | ' f P
sat.
0 1 >2 >4 /]
ELASTIC ot
across full section
3 i fy none elastic
ELASTIC
across effective section
4 i fy none elastic

This classification depends on the proportions of each of its compression elements.
For each intermediary section, the classification is determined and the related section check is
performed. The classification can change for each intermediary point.

For each load case/combination, the critical section classification over the member is used to perform
the stability check. So, the stability section classification can change for each load case/combination.
However, for non-prismatic sections, the stability section classification is determined for each
intermediary section.

10



The classification check in SCIA Engineer will be executed following tables 5.2 of the EN 1993-1-1:

Table 5.2 (sheet 1 of 3): Maximum width-to-thickness ratios for compression

parts

Internal compression parts

: ]

_| TC - _ _ _ _ - _ Axis of
bending
tdd o t- tﬂt
——— — 1
t
L iI L *I '
L
Ht it t — Axis of
C Cc c :
- - - - - - — bending
_ =
[ ]
Class Part subject to Part subject to Part subject to bending and compression
bending COMPression
f f f
Stress — — —
distribution + + + | lge
1n parts c c c
(compression - _
positive) — — I:
f}' f!" f}’
whena >0.5: ¢/t =< 1::9681
1 c/t<T2e c/t<3de 36"‘_
5
when o =0.5: ¢/t <
o
456
whena >0.5: ¢/t < 3 81
2 c/t=83e c/t=38e 4102_
when 0 €0.5: ¢/t< 22
o
f f
Stress ! _f o
distribution
in parts c . c c
(compression ~ cf2
postfive) -
f, vy
) 42g
wheny>-1: e/t £ —v——
3 c/t<124e c/t<42e 0.67 +0.33y
when y < -17: ¢/t <628(1— LP}«\;'I.(—L}J)
e= [235/F £ 235 275 355 420 460
VT g 1.00 092 0,81 0,75 0,71

*) w = -1 applies where either the compression stress o < £ or the tensile strain &, > £/E

11
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12

Table 5.2 (sheet 2 of 3): Maximum width-to-thickness ratios for compression

parts
Qutstand flanges
c c C
[ 3 [ o
t t t! <
Rolled sections Welded sections
Class Part subject to compression __ Part subjec_t fo bending and compression
Tip in compression T1p in fension
Stress oc oc
distribution ___ + +
in parts 2 |f —
: Mo Ty
(comprgsslon | ! |~—-| | j | B
positive) e Hp—Lt—4
Og 9e
1 c/t<9s c/lts— e/t —
o oo
10g 10g
2 c/t=10e c/t= clt=—=
o oo
Stress
distribution N
in parts ) |f 3 ‘r y 5 ‘m
(compression ! |~—-| i c i c
positive) | '
¢/t < 21e,/k
3 c/t=14e N Ve
For kg see EN 1993-1-5
e=_[235/f f, 235 275 355 420 460
N £ 1,00 0,92 0,81 0,75 0,71

Table 5.2 (sheet 3 of 3): Maximum width-to-thickness ratios for compression

parts
Angles
— "
|
t Does not apply to angles m
Refer also to “Outstand flanges” b continuous contact with other
(see sheet 2 0of 3) L components
Class Section mn compression
Stress
distribution f
ACTOSS —_—
section +
(compression U
positive)
b+l
3 h/t<15e: ——<115¢
Tubular sections
t’(/_\ )
\UJ d
Class Section in bending and/or compression
1 d/t<508°
2 d/t<70¢’
3 d/t<90g’
NOTE For d/t > 90> see EN 1993-1-6.
f, 235 275 355 420 460
-
g§= \||'23>5 f_\_ 3 1.00 0,92 0,81 0,75 0,71
& 1.00 0,85 0,66 0,56 0,51




If this classification results in a class 4 profile, the effective cross section will be calculated according to
EN 1993-1-5.

For each load case and combination, the most critical effective area properties are saved:
o Agis the effective area of the cross section when subject to uniform compression.

e W, is the effective section modulus of the cross-section when subject only to moment about the
relevant axis.

e gy is the shift of the relevant centroidal axis when the cross section is subject to uniform
compression.

With these critical properties, the steel code check is performed.

Example: Industrial Hall.esa

In this example the classification will be done for an IPE750x137 profile, resulting in a class 4 cross
section. And afterwards the calculation of the effective shape following EN 1993-1-5 will be given.

Consider column B28

AiaeRBLi=a - S e A
“A Mid column - IPE750x137

& Beam - IPE160

& Purlin - U240

& Gable column - HEB34D
& Diagonal - RD13

& Beam? - IPET50x137

Mew Inzert Edit Delete a Setup Update all Close
| New | insen | Ede [ oo |

The classification has been executed at the bottom of the column (position = 0.00m)

On this position a hinged support has been inputted, so on this position the column is not subjected to
bending.

13
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Table 5.2 (sheet 1):

¢ = H — 2 * thickness flange — 2* radius
¢ =753mm — 2x17mm — 2x17mm = 685mm

t=11,5mm
c/t = 59,57
Part subject to Part subject to
Class
bending COMPpression
f f,
Stress
distribution +
in parts c c
(compression
positive) —
'Y fi‘
1 c/t=T2e ¢/t<33e

2 c/t=83e c/t<38s
Stress f
distribution
1n parts . ¢
(compression
positive)
3 c/t<124e c/t<42e

With e = /235/fy = 1
Maximum ratio class 1: 33
Maximum ratio class 2: 38
Maximum ratio class 3: 42

c/t =59.57 > 42 => Class 4

Table 5.2 (sheet 2):

¢ = B/2 — thickness web/2 — radius
c=263mm/2 —11,5mm/2 — 17 =109

t=17 mm
¢/t =6,40
Class Part subject to compression f—
Stress
distnbution
in parts N c :
(compression | ! f*—'-l
positive) '
1 c/t=9%
2 c/t=10e
Stress
distribution
in parts N 6
(compression | ! ['_-|
positive) '
3 c/t=<14e

With e = /235/fy = 1
Maximum ratio class 1: 9
Maximum ratio class 2: 10
Maximum ratio class 3: 14

c/t=6.40<9=>Class 1

In SCIA Engineer:

Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio

Class 1 Limit
Class 2 Limit

Class 3 Limit

=> Internal Compression part
Classification of Qutstand Hanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio I6,4III
Class 1 Limit | FX
Class 2 Limit fi0.00
Class 3 Limit 1400

=> Qutstand Flangef Cla
=> Section classified ag_lass 4jfar member buckling design

14



This cross section has a classification class 4 for the stability classification, so effective properties have

to be calculated.

Those properties are also given in SCIA Engineer in the preview of the steel code check, just below the
classification calculation.

Properties

sectional area A eff

1.5269e+04  |mm*

Shear area Vy eff

8.9420e403  |mm® |Vz eff

6.3269e+03  |mm*

eff

radius of gyration iy [320.39 mm |iz eff |58.15 mm
eff
moment of inertia Ty |1.5674e+09 |[mm* |Iz eff |5.1634e+07 |mm*

elastic section
modulus Wy eff

4.1630e+06 |[mm*® |Wz eff

3.0265e+05  |mm?*

Eccentricity eny

0.00 mim enz

0.00 mm

The calculation of the sectional area A¢; is given in below.
In this section there is a uniform compression force over the web:

Picture | Information |
~ Type of stress
A4 s 2 a3 41 & e
" Shear stress
iy  von Mises
N " Fatique
MFa
Member. B28
Section : 0.000 | m
HRET —Setup of print
W Text
¥ Picture
v MNomal stress
W Shear stress
[V von Mises
¥ Fatique
40 SHEES 444 Toteamen |
S X
’ Scale |1 3:
ey Text - |
ok | Cancel | sy |

The calculation of the effective section will be performed following EN 1993-1-5:2006, Tabel 4.1 and
EN 1993-1-5:2006/AC:2009 article 9). In Table 4.1 the uniform compression situation will be used in
this example:

Stress distribution (compression positive) Effective’ width Deiy
&l’ B be2 ber=p b
bcl = 055 bcff bc_Z = 0:5 bcff
I e
O _
b1 be2 bg=p b
b 2
bpl = 7beﬁ' bey = begi - be
S-y
b b, w<0:
“ ]]]]:D%H b b b/ (1-y)
o eff =P Oc=p s
AT ba=04by  ha=06bu
v = o,/o 1 1>y>0 0 0>w>-1 -1 Al>p>-3
Buckling factor k, | 4,0 82/(1,05+y) | 7.81 7.81 - 6,29y + 9,787 23,9 5,98 (1 - y)°
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2, <0,5+,/0.085 — 0.055¢ =0,673 p=1
5 -— —2
2, > 0,5 +,/0.085 — 0.055y =0,673 p=(2,—022)/7,

E = [fy/o-cr]o's = L

28.4¢\[k,
e = 1,00 (S235)

ks = 4,0 (Tabel 4.1 of EN 1993-1-5:2006)

_ b/t 59.57
T /

= = = 1.05
P 284ek, 284-1.00 V4.0

_ 1.05-0.22

= = 0,75
P =" (105)?

be; =be; = 0.5-beg =0,5-p-b=0,5-0,75-685mm = 256,88 mm

Agpr = [263-17 +256,88-11,5+17-11,5]-2 = 15152 mm?

_t
i
17 )
T _{ 17
256,88

o

- ™~ 115

—

256,88

|

i—— 263 |

In this calculation the roundings at the corners between the flanges and the web are not taken into
account. Therefore the result in SCIA Engineer will be a bit higher:

Properties

sectional area A eff l 1.5269e+04 lﬂmz

Shear area Vy off  ieeewowmemme. > |\ off |6.3269e+03 |mm®
radius of gyration iy |[320.39 mm iz eff 58.15 mm
eff

moment of inertia Iy |1.5674e+09 |[mm® |1z eff |5.1634e+07 [mm®
eff

elastic section 4.1630e+06 |mm® |Wz eff |3.9265e+05 |mm’
modulus Wy eff

Eccentricity eny 0.00 mm__|enz 0.00 mm

Also the other properties of this effective cross section can be calculated.
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The calculated classification in SCIA Engineer can be overruled by 2 settings in the Steel member
data:

Section classification By program

Elastic check only No

Section check only No

LTE Buckling Curves 6.3.2 acc, to Steel> Beams>Setup
=l Field
Position Rela
From begin (x) 0
From end (x') 0

Section classification

The user can choose between a classification calculation By program, or can overwrite this and
choose for class 1, 2 or 3. Since classification 4 is not described for all cross section in the
Eurocode, this option can’t be chosen.

Elastic Check Only
The user can choose to perform an elastic check. This corresponds with a class 3 check.
Classification in SCIA Engineer

Following classes are possible per profile type in SCIA Engineer:

Section Classification Class 1 Class2 Class3 Class 4 Warping Warping
gh;cl; Class check Class 3
| X X X X X X X
RHS X X X X X
CHS X X X X
X X X
X X X X
X X
PPL X X X X
RS X X
YA =3 X
O =3 X
5 X X X X
NUM =3 X
COM =3 X

And in the chapter “Cross sections” an explanation is given which sections are recognized under which
form type (I, RHS, L, CHS, ...).
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Steel Code Check

ULS Section Check

In this chapter, first the Partial safety factors are explained and afterwards a short explanation of all the
section checks is given.

The section check can be found in SCIA Engineer under “Steel -> Beams -> ULS check -> Check”. In
this menu the user can choose to look at the “Brief” output and or the “Detailed output”.

With the brief output the results are shown in one line.

With the detailed output, the results of all the unity checks are shown including a reference to the used
formula in the EN 1993-1-1 for each check.

In below the Section Check will be explained and the detailed results are shown.

Partial Safety factors
The partial safety factors are taken from EN 1993-1-1 art. 6.1.

And the following safety factors are taken into account:

vmo = 1,00 Resistance of cross-section
ym1 = 1,00 Resistance of members to instability accessed by member checks
2 = 1,25 Resistance of cross-section in tension to fracture

Those factors can also be found in the National Annex of EN 1993-1-1 in SCIA Engineer:

[=)- Standard EN Mame Standard EN
B- Steel e
i Member check
... Fire resistance = Member check EN 1993-1-1
- Cold Formed Bow Imperfections EN 1993-1-1: 5.3.2(3) b)
- Plated structural elements gl T - M 1393-1-1. 413
= Gamma MO
Value [-] 1,00
= Gamma M1
Value [-] 1,00
= Gamma M2
Value [-] 1,23
T T ————
LTB Curves - Rolled/Equival. Ided ... EM 1993-1-1:6.3.2.3(1)
Interaction Method EN 1993-1-1: 6.3.3(5)
Fire resistance EM 1993-1-2
Cold Formed EN 1993-1-3
Plated structural elements EN 1993-1-5

Tension
The tension check will be executed following EN 1993-1-1 art. 6.2.3.

N
B <1
Nt ra

A.
Nt pa = i: the design plastic resistance of the cross-section
’ YMo

Example: Industrial Hall.esa

Consider bracing B234 (for load case 3DWind1). In this load case the bracing in under tension:

18



1,7663 - 10°mm? - 235MPa

N, ., = = 41,51kN
t.Rd 1.0

Unity Check = 29,77kN _ 0,72
ULy LReCR = I 51kN
Internal forces |Calculated |Unit
M,Ed 29,77 kN
Vy,Ed 0,00 kN
\z,Ed 0,00 kM
T,Ed 0,00 kNm
My, Ed 0,00 kNm
Mz, Ed 0,00 kMm

Tension check
According to EN 1993-1-1 article 6.2.3 and formula (6.5)

A 1,7663e+02 | mm?
Npl,Rd 41,51 ki
Mu,Rd 45,78 ki
Mt Rd 41,51 kI
Unity check [0,72

Compression

The compression check will be executed following EN 1993-1-1 art. 6.2.4.

N
Ed < 1
NC,Rd
Where
Af, _
- NC Rd — — For class 1, 2 or 3 cross-sections
! YMmo
Aerrf .
- Nc Rd — sy For class 4 cross-sections
’ YMo

Example: Industrial Hall.esa

Consider column B28 (for combination CO1-ULS).
The critical check is on position 1.150 m

Internal forces |Calculated |Unit
N, Ed -159,86 ki
vy, Ed -0,04 ki
Vz,Ed -101,11 kh
T,Ed 0,00 khNm
My, Ed -116,27 kNm
Mz, Ed -0,04 kNm

The classification on this position is Class 1 (column under compression and bending).

1,7500 - 10*mm? - 235MPa
c¢,Rd = 1.0

=4112,5 kN

159.86kN
0,04

UnLty Check = m= ,



Steel Code Check

Compression check
According to EM 1993-1-1 article 6.2.4 and formula (6.9)

z

A 1,7500e+04 mim
MNc,Rd 4112,30 kN
Unity check |0,04 -

Bending moment
The bending moment check for My and Mz will be executed following EN 1993-1-1 art. 6.2.5.

M
<1
Mc,Rd
Where

Wi fy ]
- Migq = Mled =22 For class 1 or 2 cross-sections

’ ’ YMo

w Lmi -, .

- Mipg = Mg g = E)/Lny For class 3 cross-sections
Mo

_ Werrfy
- Mc,Rd -

YMo

For class 4 cross-sections

Example: Industrial Hall.esa

Consider column B28 (for combination CO1-ULS).

The critical check is on position 1.150 m

Internal forces |Calculated |Unit
M,Ed -159,86 ki
Vy,Ed -0,04 kN
Vz,Ed -101,11 kN
T,Ed 0,00 kMm
My, Ed -116,27 khm
Mz, Ed -0,04 khNm

The classification on this position is Class 1 (column under compression and bending).
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Al e BB Lo & sH A
Mid column - IPE750x137 o [deg]
]

& Beam - IPE160

& Purlin - U240

& Gable column - HEB340
& Diagonal - RD15

& Beam? - IPET50x137

Iz [mm*4]
iy [mm]
iz [mm]
Wely [mm

[mm

ly [mm~*4]

}\3]
~2]

Wply [rmm*3]
Wplz [mm*~3]

piy+ [Nmm]

Mply- [Nmm]
Mplz+ [Nmm]

Woiy - fy _ 4865 105mm?3 - 235MPa

Setup Update all Close

=1,14328-10° Nmm = 1143,28 kNm

M =

y.e.Rd Yo 1.0

Wyz-f, 6.141-10°mm?-235MPa
M, cpa = — = =1,4431 - 108 Nmm = 144,31 kNm
Ymo 1.0

Unity Check My = 116.27 kNm =0,10

ity Lheck My = 114328 kNm ~ =

Unity Check Mz = 0.04 kNm = 0,00

ity Lheck Mz = 14431 kNm ~ =

Bending moment check for My
According to EM 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

3

wply 4,8650e+06 | mm
Mpl,y,Rd 1143,28 kNm
Unity check |0,10 -

Bending moment check for Mz
According to EM 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

wpl,z 6,1410e+05 |[mm®
Mpl,z,Rd 144,31 kMm
Unity check [0,00 -
Shear
The shear check for Vy and Vz will be executed following EN 1993-1-1 art. 6.2.6.
Vea 4
Vc,Rd
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Steel Code Check

For plastic design Vgrq the absence of torsion, is the design plastic shear resistance Vi rq:

V — Av'(fy/\/g)
plL,Rd YMo

With:

A,: the shear area.
The formula for A, depends on the cross-section (see EN 1993-1-1 article 6.2.6(3)).

For elastic design V.gq is the design elastic shear resistance. The following criterion for a critical point
of the cross-section may be used unless the buckling verification in section 5 of EN 1993-1-5 applies:

T
——F—=<1

£y (Y3 Vo)

VEaS
Where 15, = -4

It

Where the shear force is combined with a torsional moment, the plastic resistance Vp, rq should be
reduced as specified in the next paragraph.

Example: Industrial Hall.esa

Consider column B28 (for combination CO1-ULS).
The critical check is on position 1.150 m

Internal forces |Calculated |Unit
M,Ed -159,86 kM
vy, Ed -0,04 kN
vz, Ed -101,11 ki
T,Ed 0,00 kMNm
My, Ed -116,27 kMNm
Mz, Ed -0,04 kMNm

The classification on this position is Class 1 (column under compression and bending).

Shear check for Vy
According to EN 1993-1-1 artide 6.2.6 and formula (6.17)

Eta 1,20

Av 9,2698e+03  |mm?
vpl,y.Rd 1257,69 kN
Unity check  |0,00 -

Shear check for Vz
Acoording to EN 1993-1-1 artide 6.2.6 and formula (6.17)

Eta 1,20

Av 9,9222e+03 | mm?
Vpl,z,Rd 1346,22 kM
Unity check |0,08 -

Torsion
EN 1993-1-1 article 6.2.7.

T,
Ed -1

Tra

Where Tgq is the design torsional resistance of the cross-section.
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Teq should be considered as the sum of two internal effects:
Teq = Tepa + Twga

Where  Tigq is the internal St. Venant torsion
Twes IS the internal warping torsion

SCIA Engineer will take into account the St. Venant torsion automatically. If the user would like to
calculate also with warping torsion, this option should be activated in the “Buckling and relative
lengths” of this beam:

Base settings I Buckling data I

- Name IEC1| Number of parts |'|
11\‘7 Buckling systems relation
= Izz vl ley factor ICaIcuIate ;I
yz= Izz .l kz factor ICaIcuIate ;I
_ Sway yy IEICC. to Steel>Beams=Setup LI
= -
Dz Dy - =
Ly Lz Sway zz Iacc. to Steel:Beams:Setup LI
L yi Ith Point of load application IIn shear center LI
.\ Mer |Calculated |
‘\\ Bow imperfection
2o dy Irlo bow imperfection LI
eodz Irlo bow imperfection ;I
Relative deformation systems relation
’7 defz = IW vl defy = Izz vl

¥ Warping check Beain Im End Iﬁ

[~ X diagonals Buckling system Standard method

ok | cameel | i |

The check box Warping check should be activated and for the beginning and end of the beam, the
user should indicate if this end is Fixed or Free for warping.

Example: Warping.esa

As quoted in the EN 1993-1-1, art. 6.2.7(7), for closed hollow sections the effects of torsional warping
can be neglected and in the case of a member with an open cross section, such as | of H, it may be
assumed that the effects of St.Venant torsion can be neglected.

In this example 4 beams are inputted:

- IPE 180 — No Warping has been activated

- SHS 180/180/10.0 — No Warping has been activated

IPE 180 — Warping has been activated in the buckling data

SHS 180/180/10.0 —-Warping has been activated in the buckling data

On all beams, a line force of -4kN is inputted with an eccentricity ey of 0,050 m. The k factor has been
changed into 2 in the buckling data.



Steel Code Check

Base settings  Buckling data |

Yy | ky | Sway yy |zo dy [mm] frd kz Swayzz (=0 dz[mm]| kyz | klt k bow
1 Fixed acc.toB - Fixed acc.toB - 1,00 1,00 2,00 oo
2 | Free 1| Free

For the SHS profiles, there is no difference between the option “Warping” activated or not. This was
expected as warping can be neglected for closed hollow section.

For IPE profiles, the warping torsion cannot be neglected. So when this is activated, it has a big
influence on the resistance value for torsion:

Torsion check IPE 180 without warping activated:
Torsion check
Acoording to EN 1993-1-1 artide 6.2.7 and formula (6.23)

Tau,t,Ed 133,6 |MPa
Tau,Rd 1357 |MPa
Unity check |0,98 |-

Combined Shear and Torsion check for vz and Tau,t,Rd
Acoording to EN 1993-1-1 artide 6.2.6 & 6.2.7 and formula (6.25),(6.26)

VplTzRd _ [70,02 [kN
Unity check  |0,23 |-

Torsion check IPE 180 with warping activated:
Torsion check
According to EN 1993-1-1 artide 6.2.7 and formula (6.23)

Tau,t,Ed 1336 |MPa
Tau,Rd 1357 [MPa
Unity check 0,98 |-

Combined Shear and Torsion check for Vz and Tau,t,Rd
According to EN 1993-1-1 artide 6.2.6 & 6.2.7 and formula (6.25),(6.26)

Vpl,TzRd _ [70,02 [kN
Unity check  [0,23 |-
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Combined bending, axial force and shear force check

According to EM 1993-1-1 artide 6.2.7

According to I. Vayas, Stahlbau 62 {2000)

“Interaktion der plastischen Grenzschnittgroessen doppelsymmetrischer I-Querschnitte”, Table 1.

Warping conditions at the extremities of the buckling system

Extremity |Condition

Bedqin Fixed
End Free
Decomposition of torsional moment
X Mxp,Ed |MxsEd |Mw,Ed
[m] |[kMm] [[klm] |[kNm?]
0,000 |0,00 0,80 0,43
0,400 0,29 0,43 -0,19
0,800 0,41 0,23 0,06
1,200 (0,44 0,12 0,00
1,600 (0,42 0,06 0,04
2,000 |0,37 0,03 0,06
2,000 |0,37 0,03 0,06
2400 |0,31 0,01 0,06
2,800 [0,25 0,01 0,06
3,200 |0,19 -0,03 0,05
3,600 0,14 -0,06 0,04
4,000 0,12 -0,12 0,00
Internal forces
St. ¥enant torsion |Mxp,Ed [0,00 |kNm
Warping torsion Mus,Ed |0,80 [kMNm
Bimoment Mw,Ed [-0,43 [kNm*

Force ratios

Cross-section flange quotient |alpha,f |0,61

Cross-section web quotient alpha,w  |0,39

Mormal force ratio n 0,00

Moment ratio for My my -0,82

Moment ratio for Mz mz 0,00

Shear ratio for Vy Wy 0,00

Shear ratio for vz WZ 0,12

Moment ratio for Mw T 0,61

Moment ratio for Mxp mxp 0,00

Moment ratio for Mxs MXs 0,05

Influence factors

Interaction ratio for shear stresses in flanges  |beta,y 0,05
Reduction factor for shear stresses in flanges  |pf 0,00
Yield strength reduction for shear stresses in - |sf 1,00
flanges

Interaction ratio for shear stresses in web beta,z 0,12
Reduction factor for shear stresses in web pw 0,00
Yield strength reduction for shear stresses in - [sw 1,00
web

Additional moment coeffident lambda,s [0,00
Additional moment coeffident delta 0,00
Unity checks

Unity check (42) [1,19 |-

In this case the difference between the option “warping” activated or not, give a difference in the unity
check.

The torsional properties of the cross sections are not calculated correctly in a lot of cases. The next
example give an explanation about this calculation.
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Example: Torsion.esa

In this example two beams are inputted, with the same properties, only the torsional properties of the

cross sections are different:

CS1

The option “2D FEM analysis” is not activated:
= Fibres and Parts
Fibre text zoom 1.0

Edit named items
= 2D FEM analysis

So the value for It will be calculated with a
general formula, which does only give an
estimation of the It, but not a correct value. The
value for lw will not be calculated and Iw will
taken as 0.00 mm®.

Property

A[mm*2] 7,5000e+03
Ay [rmm*2] 7,5000e+03
Az [mm*2] 7,5000e+03
AL [m*~2/m] 7,0000e-01
AD [m*2/m] 7,0000e-01
c¥UCS [mm] 13

cZUCS [mm] 130

o [deg] 0,00

ly [mm®4]

Iz [mm*4]

iy [rmm]

iz [mim] 28

Wely [mm*3] 2,326%e+05
Welz [mm*3] 7,8125e+04
Whply [mm*~3] 4,1250e+05
Whplz [mm*3] 1,4063e+05
Mply+ [Nmm] 0,00

Mply- [Nmm] 0,00

Mplz+ [MNrmm] 0,00

Mplz- [Mmm] 0,00

dy [mm] 0

dz [mm] 0

It [mm~4] 2,3672e+06
lw [mm~6] 0,0000e+00
By [mm] 0

Bz [mm] 0

CS2
The option “2D FEM analysis” is activated:
= Fibres and Parts
Fibre text zoom 1.0
Edit narmed itermns
= 2D FEM analysis
Use 2D FEM analysis

Mesh size [mm)]

=1

=1

Min. point distance [mm]
Shear area Ay With Txz

Shear area Az With Txy

So the value for It and Iw will be calculated with a
FEM analysis:

-
=y ——] u
_§LE§
[ by
oo
=
=
~N
iy
{7 picture | £ Pibres, peandu [ aridy | arras | Warsing | Taus |
Property
Almm*2] 7,5000e+03
Ay [mm*2] 3,7071e+03
Az [mm™2] 44171e+03
AL [m*2/m] 7,0000e-01
AD [m*2/m] 7,0000e-01
cYUCS [mm] 75
cZUCS [mm] 130
o [deg] 0,00
Iy [mm~4] 3,0250e+07
Iz [mm~4] 5,
iy [mm] 64
iz [mm] 28
Wely [mm*~3] 2,3260e+05
Welz [mm*3] 7,8125e+04
Wply [mm®3] 4,1250e+05
Wplz [mm”3] 1,4063e+05
Mply+ [Mmm] 96937500,00
Mply- [Nmm] 96937500,00
Mplz+ [Nmm] 33046
Mplz- [Nrm] 33046
dy [mm] 0
dz [mm] 54
It [mm*4] 1,3076e+06
Iw [mm™g] 2,8054e+09
By [mm] -134
Bz [mm] 0
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On the two beams a torsional moment (8 kNm) has been inputted and a small line load (-0.1 kN/m).

This result in the following Section Check:

The difference in the results is in the torsion check. For the first beam no torsion check can be
executed, since no results for torsional stiffnesses can be found.

For beam B2 (CS2) the torsion check can be executed:

The critical check is on position 0.000 m

Internal forces |(Calculated (Unit
N,Ed 0,00 kM
Vy,Ed 0,00 kN
Vz,Ed 0,40 kN
T,Ed -8,00 kNm
My, Ed -0,80 kNm
Mz,Ed 0,00 kNm

Torsion check
According to EN 1993-1-1 artide 6.2.7 and formula (6.23)

Tau,t,Ed 153,0 |MPa
Tau,Rd 1357 |MPa
Unity chedk |1,13 |-

Combined check: Bending, shear and axial force
This check will be executed following EN 1993-1-1 articles 6.2.8 - 6.2.9 -6.2.10.

For bi-axial bending the following criterion may be used:
[ My ga ]“ N [ M5
MN,y,Rd MN,Z,Rd

in which o and p are defined as follows:

B
<1

- land H sections:

a=2;B=5n butp>1

- Circular hollow sections:
a=2;p=2

- Rectangular hollow sections:
a=p= 1_11"612n2 buta=p<6
Where n = _'Ed_

NpiRd
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The values My, r¢ and My, rq depends on the moment resistance, reduced with a factor depending on
“n”, the check of the normal force:

MN,y,Rd = 1VIpl,y,Rd(1 - n)/(l - 0:5aw)

MN,Z,Rd = 1VIpl,z,Rd(1 - n)/(l - 0,5af)

And My rq depends on the yield strength f,.

IfVgqa = 0,5V Ra
The yield strength will be reduced with a factor p.

(1 - p)fy

Where
2
2Via )
p= -1
(Vpl,Rd

And

Vv — Av'(fy/‘/g)
pLRa YMo

When torsion is present p should be obtained from
2
2 Vg )
p= -1
(Vpl,T,Rd

Class 3 cross-sections

EN 1993-1-1 article 6.2.9.2.

In absence of shear force, for Class 3 cross-sections the maximum longitudinal stress should satisfy
the criterion:

Iy

Ox,Fd = YMo

Class 4 cross-sections

EN 1993-1-1 article 6.2.9.3.

In absence of shear force, for Class 4 cross-sections the maximum longitudinal stress should satisfy
the criterion:

Iy

OxEd = YMo

The following criterion should be met:

Ngq My gq+ Ngg-eny  M,pq + Ngg - ey,

T

Ly Wi Ly
eff Yo Weff,y,min Ymo Weff,z,min Ymo

A

Where  Agy is the effective area of the cross-section when subjected to uniform compression
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Wet min IS the effective section modulus of the cross-section when subjected only to moment

en

about the relevant axis
is the shift of the relevant centroidal axis when the cross-section is subjected to

compression only.

Example: Industrial hall.esa

Consider column B28 (for combination CO1-ULS).

Compression check

Acoording to EN 1993-1-1 artide 6.2.4 and formula (6.9)

2

A 1,7500e+04 |mm
Nc,Rd 411250 kN
Unity check |0,04 -

= n=0,04

Shear check for vy

Acoording to EN 1993-1-1 artide 6.2.6 and formula (6.17)

Eta 1,20

Av 9,2698e+03  |mm?
vpl,y,Rd 1257,69 kN
Unity check  [0,00 -

Shear check for vz

Acoording to EN 1993-1-1 artide 6.2.6 and formula (6.17)

Eta 1,20

Av 9,9222e+03 |mm?®
vpl,z,Rd 1346,22 kN
Unity check 0,08 -

= Unity check for shear force is smaller than 0,5, thus no reduction of the yield strength for the

combined check.

Combined bending, axial force and shear force check
Aoording to EN 1993-1-1 arfide 6.2.9.1 and formula (6.41)

Mpl,y,Rd [1143,28 |kNm
Alpha 2,00
Mpl,z,Rd |144,31 kNm
Beta 1,00

Unity check (6.41) = 0,01 + 0,00 = 0,01 -

Note: Since the shear forces are less than half the plastic shear resistances their effed on the moment

resistances is neglecied.

Note: Since the axial force satisfies both aiteria (6.33) and (6.34) of EN 1993-1-1 artide 6.2.9.1(4)
its effect on the moment resistance about the y-y axis is neglected.

Note: Since the axial force satisfies aiteria (6.35) of EN 1993-1-1 arfide 6.2.9.1(4) its effect on the moment

resistance about the z-z axis is neglected.
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ULS Stability Check

The stability check can be found in SCIA Engineer under “Steel -> Beams -> ULS check -> Check”. In
this menu the user can choose to look at the “Brief” output and or the “Detailed output”.

With the brief output the results are shown in one line.

With the detailed output, the results of all the unity checks are shown including a reference to the used
formula in the EN 1993-1-1 for each check.

In below the Stability Check will be explained and the detailed results are shown.

Not all stability checks are inputted in SCIA Engineer for all cross sections. In the table below an
overview of the possible checks for each section is given:

Section Buckling LTB Shear buckling
| X X X
RHS X X
CHS X X
X (*2)
X (*2) X
X (*2)
PPL X X X
RS X (*2)
z X (*2)
0o X (*2)
) (*1) (*2) X
NUM (*1) (*2)
COM (*1) (*2)

(*1) Buckling curve are introduced manually by user

(*2) General formula for M., — see chapter ‘Lateral Torsional Buckling’

And in the chapter “Cross sections” an explanation is given which sections are recognized under which
form type (I, RHS, L, CHS, ...).

Classification

There is a difference on the section of classification in the Section check and the Stability check:

Classification in the section check:
Here the classification is done for each section on the member and afterwards the Section check will
be executed with the classification and the internal forces on this section.

Classification in the Stability Check
In the stability check the highest classification along the member is used for the stability check on all
the sections.

So when having a beam with the highest check on 2m from the beginning of the beam:

- The section check will take into account the internal forces on 2m from the beginning of the beam
and perform a classification with those internal forces.
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- The stability check will perform a stability check with the internal forces on 2m of the beginning of
the beam, but not with the classification on this place. Perhaps this section has the highest
moment in comparison with a compression force. The classification can result here in Class one.

But in the beginning of the beam, the bending moment is equal to zero, so perhaps the
classification here will be Class 4. The stability check will thus take the internal forces of section
2m on the member, but take into account the classification Class 4 (from Om on the member).

Flexural buckling check
The flexural buckling check will be executed following EN 1993-1-1 art. 6.3.1.

NEq

<1
Nb,Rd
Where
XAy )
- Nb Rd — 2 For class 1, 2 or 3 cross sections
’ YM1
XAefrf: )
- Nb Rd — —yeff 4 For class 4 cross sections
’ M1

The reduction factor ¢ will be calculated as follows:

1

= but y < 1,0
X D+ P?—12 =
with
P 0,5[1+ a(1-0,2)+2?]
— A'fy .
A o For class 1, 2 or 3 cross-sections
cr
A .
/Lfy For class 4 cross-sections
Ner
Ne Critical normal force (Euler force)
__ m’El
NCT - K2L2
a Imperfection depending on the buckling curve:
Buckling curve ao a b [ d

Imperfection factor o 0,13 0,21 0.34 0,49 0,76
The selection of the buckling curve for a cross section is done with EN 1993-1-1, Table 6.2
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Table 6.2; Selection of buckling curve for a cross-section

Buckling curve
Buckling | S 235
Cross section Limits about 8275
axis | §355 | 400
5420
iy Z L
< y-¥ a ap
2 tr = 40 mm 7— 7 b a
= _».:. V—¥ a
£ = | 40mm < t:= 100 T
g -z C :
_3 - y-¥ a
= ~ tr = 100 mm 7—z c a
- _
Wl
z - t== 100 mm Y-y d €
L b _I z—7Z d c
. '—‘—' =t H:':L' 3t fr < 40 mm y-3 b
"EI E i H Z— c c
-0 —v vy ——
=4 | | ty > 40 mm y-y ¢ ¢
=i = r z-z d d
(0
z @ hot finished any a ap
== —n (T
23 ﬁ;? \1}
“ \:‘q,_ {“/ L \ ) cold formed any c c
1Z tr
y T = - generally I:E}_(CE'pI as A b b
2 below) -
g2 h| ¥ - F—y
= - -
= 3 Tt thick welds: a = 0.5t;
= i I j— bty = 30 any c c
! Z b | W'ty <30
< & -t |
2 I (=l \\
= 2 o I —%% - any c c
= | i N
2 L= v i
g - - any b b

In SCIA Engineer the calculation of the buckling coefficient k, or k, can be done automatically or can be
inputted by the user.

In the next paragraph the calculation of the Buckling factors is explained.

Example: Buckling Curves.esa
In Table 6.2 general buckling curves are given for the most common profiles. For some cross-section

types, SCIA Engineer will automatically use these curves. The cross-section types that are supported
are:
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- Profile library

- Haunch

- Sheet welded

- Build-in beams

- Thin-walled geometric

- Fabricated

For the other cross-section types, the buckling curves for both directions are by default set to d. This
can be changed manually by changing the properties of the cross-section.

In this example 2 beams are inputted with 2 different cross-sections:

- B1:CS1 - IPE 180:
o buckling curve a for y-y according to code
o Stability check uses curve a, according to code
- B2:CS2 -1 form
o Non standard section: no buckling curve according to code. Buckling curve d is used.

o Stability check uses curve d

N th [mm] 9 ~
[ [ = General
Draw colour Mormal colour -
Colour I
AutoDesign constraints c
Fabrication general -
=) _
5 e
[ qy-y
E \ Flexural buckling z-z
o ateral torsional buckling
: = Fibres and Parts
Fibre text zoom 1.0 -
Edit named items
= 2D FEM analysis
th® Use 2D FEM analysis v
= =] 7 Mesh size [mm)] 0
~—
E N Min. point distance [mm] 0
{} Shear area Ay Without Txz -
H:V\Y Shear area Az Without Txy - ¥
q a8 Picture :: Fibres Prandtl dF/dy | dF/dz | Warping Tauxy Ta. » o | | s | | Ensmon |
Cross-section layout and dimensions | — | | Cancel |

Buckling factors
General method

By default, for the calculation of the buckling ratios, two approximate formulas are used: one formula
for a non sway structure (resulting in a buckling factor smaller (or equal) than 1) and one formula for a
sway structure (resulting in a buckling factor higher (of equal) than 1.
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So it is important for this method that the user chooses the correct option sway or non sway for the two

local directions:

yy: buckling around the local y-axis (so deformation in the direction of the local z-axis)
zz: buckling around the local z-axis (so deformation in the direction of the local y-axis)

The option “sway” or “non sway” can be chosen in the menu “Steel -> Beams -> Steel Setup” for the

whole structure:

[=]- Standard EM
) Steel
Relative deformation
Fire resistance
Buckling defaults
Limit slenderness
Cold Formed
.- Plated structural elements

= Steel

= |I||enlber check

= Shear
Use A, A instead of elastic shear

= Torsion

Limnit for torsion [-

Default sway types

EM 1993-1-1

EN 1993-1-1: 6.2.6
no
EM 1993-1-1: 6.2.7
0,05
EM 1993-1-1: 6.3.1
| yes

=

no

uckling length ratios ky, kz

Max. k ratio [-]
Max. slenderness [-]
2" order buckling ratios

= Lateral Torsional Buckling
Lateral torsional buckling curves
Method for C1 C2 C3
Method for k.

=l General settings
Elastic verification
Verify only section checks
Flexural buckling accounted for by 2™ order cal

Moments on columns in simple construction

EMN 1@5—1-1: b.3.1
10,00

200,00

Acc, to input

EN 1993-1-1: 6.3.2
General case
ECCS 119/ Galea
EN 19%3-1-1 table

no
no
lno

no

6.6

It the option is checked (as here for buckling around the y-axis), it is indicated that the construction is
not braced enough and can be considered as “sway’.

This can also be changed for each beam separately, using the buckling data. This can be found under
“Steel -> Beams -> Member Check data -> Member buckling data™:

MName BB1
Edit buckling
Steel. other

—
user input

Buckling ky, kz coefficients or buckling lengths
other an coefficients ault from

= Buckling systems relation

manager

Iz

yZ

Secondary member
= coefficient
ky factor

Calculate

For Sway yy and Sway zz there are 3 options:

- According to Steel>Beams>Setup: The same option will be taken as in the steel setup as shown
above.

- Yes: this beam will be considered as “sway” in this direction.

- No: this beam will be considered as “non sway” in this direction.
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The following formulas are used for the buckling ratios:

o for anon sway structure :

(p1P2+5p1+5p2+24)(p1p2+4p1+4p2+12)2
(201P2+11p1+5p2+24)(2p1p2+5p1+11p2+24)

o for a sway structure :

with k the buckling factor

L the system length

E the modulus of Young
I the moment of inertia
Ci the stiffness in node i

M; the moment in node i

o the rotation in node i

‘= 4p1p, + 1py
m2(p; + p2) + 8p1p;

Gl
pi = £l
¢ =M
o

The values for M; and ¢; are approximately determined by the internal forces and the deformations,
calculated by load cases which generate deformation forms, having an affinity with the buckling form.

So when performing a linear calculation, in the background 2 additional load cases are calculated, just
to calculated the buckling factors for the elements.

This calculation is automatically done when calculating the construction linearly. So when calculating
non linear, the user should also perform a linear calculation otherwise no buckling factors are
calculated and no steel code check can be performed.

The following load cases are considered in the linear calculation for the calculation of the buckling
factors:

- load case 1:
o onthe beams, the local distributed loads qy=1 N/m and gz=-100 N/m are used

o on the columns the global distributed loads Qx =10000 N/m and Qy =10000 N/m are
used.

- load case 2:
o onthe beams, the local distributed loads qy=-1 N/m and gqz=-100 N/m are used

o on the columns the global distributed loads Qx =-10000 N/m and Qy=-10000 N/m are
used.

The used approach gives good results for frame structures with perpendicular rigid or semi-rigid
beam connections. For other cases, the user has to evaluate the presented bucking ratios.
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Example: Buckling Factor.esa

Consider Column B1:
- L =4000mm
- Set as sway
- InnodeN1:My=0kNm=>C,=p,=0.0
- This node N1 defines p, because p, is always the smallest of the two.
- Innode N2 for Loadcase LC1:
o My; =79833 kNm
o ¢, =fiy=1530.6 mrad
o Ci;=My/¢; =79833 kNm/1530.6 mrad = 52.158 kNm/mrad
= 5,2158 x 10" Nmm/rad
o E=210000 N/mm?2
o ly=162700000 mm*

10
ciL 521582 4000mm
o p1=—= N 4=6.106
El 210000——5162700000 mm
mm
4p1pa+m?Pl  46.106:0.0+7%:6.106

=1.0

T m2(pi+p2)+8p1pz  w2(6.106+0.0)+8:6.106:0.00

2 2
o k=x /”—+4=1.0 — X +4=237
p1X 6.11-1.00

m?El _ m%210000N/mm?162700000 mm*
o —_— —
o k22 (2.37)2(4000)?

= 3752200N = 3752.2 kN

Those values can also be found in SCIA Engineer:

Under “Steel -> Beams -> Steel slenderness” the buckling length k, will be found:

Steel slenderness

Linear claulation

Member | CS Name | Part | Sway y Ly ky ly Lamy | lyz ILTB

[m] | [-] | [m] [-1 [m] | [m]
Sway z Lz kz Iz Lam z
[m] | [-] | [m] [-]
Bl C51 1|Yes 4,000| 2,37 | 9466 63,28 | 4,000| 4,000
Yes 4,000| 1,00| 4,000 105,61

This value can also be found in the stability check through “Steel -> Beams -> ULS Check -> Check”
under the buckling parameters. And here also the critical normal force Ncr can be found:

Buckling parameters Yy
Sway type sway
System length L 4,000
Budkdling fador k 2,37
Budkling length Lo 9,466
Critical Euler load Mo 376344
Slenderness Lambda 63,28
Relative slenderness Lambda,rel |0,67
Limit slenderness Lambda,rel,0 0,20
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Calculation of the buckling factors for crossing diagonals

As the previous default method is only valid for perpendicular connection, this can’t be used for the
calculation of the buckling factors for diagonals.

In the DIN 1880 Teil 2, Table 15 a method is given for the calculation of the buckling factor for crossing
diagonals. In SCIA Engineer this option is also implemented. In this method the buckling length sy is
calculated in function of the load distribution in the element and s is not a purely geometrical data.

This method is only applicable for 2 diagonals with a hinged or rigid connection in the middle. To use
this functionality in SCIA Engineer, the user has to connect the two diagonals with the option “Cross-
link”, which can be found in the menu Structure:

E|{|’33. Model data
2 Support

----- = point on beam
- ZZ |ine on beam
----- [= Hinge on beam

b X Cross-link

----- i Connect members/nodes
~== Continuous beam

T

When connecting two beams with this option, in the buckling and relative lengths properties of the two
beams the option X-diagonals can be checked:

Base settings | Buckling data I

Name |BC1 Mumber of parts |1

1‘\ Buckling systems relation
= |z key factor |Ca|culate

yvz= [z kz factor ICaIcuIate

b= [ Sway yy Iacc.toSteel>Beam5>Setup

Sway 2z Iacc.to Stesl=Beams=Setup

Paint of load application IIn shear center

Led Lef Led Lef Lol Lo

Mor  |Calculated

Bow imperfection
eo dy Ino bow imperfection

Led Lo

eodz Ino bow imperfection

"Helative deformation systems relation

I Warping check

¥ X diagonals Buckling system Standard method

If this option is used, SCIA Engineer will use the method from the DIN to calculate the buckling factors
for the diagonals.
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-5 50
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6
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—i
With:
Sk buckling length
L member length
Iy length of supporting diagonal
I moment of inertia (in the buckling plane) of the member
Iy moment of inertia (in the buckling plane) of the supporting diagonal
N compression force in member
N, compression force in supporting diagonal
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z tension force in supporting diagonal
E elastic modulus

Calculation of the buckling length for a VARH-element
For a VARH element, SCIA Engineer will use another calculation for the buckling length.

A VARH element is defined as follows:

The member has the properties of a symmetric | section where only the height is linear variable along
the member. The system length for buckling around the local yy axis (strong axis), is equal to the
member length.

For a VARH element (form node i to node j), we can define

L beam length
li, I; moment of inertia at end i and |
A, sectional area atend i and j
A
E modulus of Young
Ner critical Euler force
Ri, beam stiffness at end i and |
Ri
The stiffness R and R' is given by:
M
L
R| = Ri_
El;
Ry = L
! ! Eli
|
EJ: 2

The critical Euler force is given by:
aZEIi

o =R

To calculate a, the next steps are followed:
1. Calculate L, [, |]', R, R], R, R'J', é

2. We suppose that
a 1
— >
E-1 2

3. Calculate a, b, ¢ and d as follows
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_|e® 1
e s
1 1
a= —2[1+ (E_,-l)(E'BCOtg(B In a)]
o
b=c=%[1-Lﬂ]

o sin(BIng) fe
_1 (€-1) 1
d= ?[1+T(5+Bcotg(l3 Ing)]

4. For a beam in non-sway system, we solve
l+aRy+dRj+(ad-bc)RiRj=0

For a beam in sway system, we solve
Ri(1-aa?)+Rj(1-da?)-a?+RiRj(a-b-c+d-o?(ad-bc)) =0

5. When a solution is found, we check if
a _ 1

= >
£-1" 2

6. If not, then recalculate a,b,c en d as follows :

L EDEC-BL-CHpED
a=—[1+ 2 2

(12 &ﬁ - E_,B
1., 2(E-D)
L2

JeE-g"

1 s 1
;o EDE-PER-CHRE)
of §(e"-e7)

]

b=c= 5
o

and resolve the proper equation of 4.

Example:
VARH.esa
] [
//
//
_—
e
/
350 mm 300 mMmf-------F------=-- - 750 mm 800-mm
1l
\\
\\
\\
\\
— L

Consider column B1
The VARH element going from 800mm to 300mm

The VARH is internally divided into a number of prismatic members. In this case, in 5 parts, but this
can be changed in the Mesh setup:
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= General mesh settings
Minimal distance between two points [m] 0,001
Average number of tiles of 1d element 1
Average size of 2d element/curved element [m] 1,000
Definition of mesh element size for panels Automatic
Average size of panel element [m] 1,000
Elastic mesh F

= 1D elements
Minimal length of beam element [m] 0,100
Maximal length of beam element [m] 100,000
Average size of cables, tendons, elements on subsoil, nonlinear soil spring... 1,000
Generation of nodes in connections of beamn elements v
Generation of nodes under concentrated loads on beam elements b

=

Division on haunches and arbitrary members 5

wision for 20-10 upgrade
Mesh refinement following the beam type

Hanging nodes for prestressing

= = E

in node N1:

o hi=350mm

o 1i=2.40310"m*

o M=0->R;, R’ =0.0
in node N1:

o fiy=1512 mrad

o My =79818 kNm

o E=210000 N/mm?
o hj=750mm

o 1i=1.363x10°mm*
o Rj=5.28x10"

o Rj=42

o £=238

o a=175

= N, =9626.16 kN

Buckling parameters Yy 7z

Sway type sway sway

System length L 4,000 4,000 m
Buckling factor k 1,00

Budding length La 7,190 4,000 m
Critical Euler load Nor 9785,96 |7001,21 |kN
Slenderness Lambda 48,58 57,43
Relative slenderness Lambda,rel |0,52 0,61

Limit slenderness Lambda,rel,0 0,20 0,20

Buckling aurve b C
Imperfection Alpha 0,34 0,49
Redudtion factor Chi 0,88 0,78

Buckling resistance Nb,Rd 2294,75 |2038,29 |kN
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Buckling length

In the previous paragraph the general calculation of the buckling factors has been explained for all type
of elements. With this buckling factor the buckling length of the beam will be calculated as follows:

l=k-L

With:
I the buckling length
k the buckling factor
L the system length

The system length of a beam is defined by the property “Buckling and relative lengths” of the beam.

Example: Buckling Length.esa

Consider column B3. This column has 3 nodes: N5, N10 and N6. The local X direction goes from the
bottom to the top of the column, so internal for SCIA Engineer N5 is the first node of this column and
N6 the last one.

In the properties window of this column the user can choose for “Buckling and relative lengths”. With
this option, the system length of the beam can be inputted. Default the following option will appear:

=)
| & | & & | Numberof parts -2 ,_\__‘34

MName BCS
Mumber of parts 2

Member(s) material Steel, other

70

%w

Explanation of the System Lengths:
- The first node (according to the local x-axis) is node N5, the last one is node N6.
- yy direction:
o This means around the local y-axis. So the column will deform in the z-direction.

o Around the y-axis, node N5 is supported. In node N10 no beam can be found in the local z-
direction in this point, thus column B3 is not supported around the y-axis in node N10. In
node N6 a horizontal beam in the local z-direction can be found and the column will be
supported around the local y-axis (yy) in node N6. This is indicated with the triangles in this
window:

=  Supported in node N5
= Not supported in node N10
=  Supported in node N6
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zz directions:
o This means around the local z-axis. So the column will deform in the y-direction.

o Around the z-axis, node N5 is supported. In node N10 a horizontal beam in the local y-
direction can be found and the column will be supported around the local z-axis (zz) in node
N10. Also in node N6 a horizontal beam in the local y-direction can be found and the column
will also be supported around the local z-axis (zz) in node N6. This is indicated with the
triangles in this window:

=  Supported in node N5
=  Supported in node N10
=  Supported in node N6

The system length will be taken as follows:
o Around the y-axis: the length between node N5 and N6: so 3m

o Around the z-axis: the length between node N5 and N10 for the first part of the beam (1,8m)
and the length between N10 and N6 for the second part of the beam: so 1.2m.

o This can also be found in the menu “Steel -> Beams -> Steel slenderness”:

Steel slenderness

Linear caloulation

Member | CS Name | Part | Sway y ky ly Lamy | lyz ILTB
[-]1 | [m] [-1 [m] | [m]
kz Iz Lam z
[-] | [m] [-]
B3 C53 1|Yes 300098 1,09 3277 18,56 | 1,800 ( 1,800
Mo 1,800 § 0,51 | 0,919 26,79

B3 C53 2 |Yes 3,000 § 1,09| 3,277 18,56 1,200 | 1,200
No 1,200 § 0,57 [ 0,681 19,85

o In this window the user can easily check the system length (Ly and Lz), the buckling factors
(ky and kz) and the buckling length (ly = ky x Ly and 1z = kz x Lz).

When clicking on Edit in the buckling data window, the triangles indicating the system lengths of
each part of a beam can be changed in the second tab “Buckling data”™

Base settings  Buckling data l

ky |Swayyy aody[mml Iz kz Sway zz aodz[mm]| kyz | kit k kowe

¥y
| Fixed acc.toB - | Fixed acc.to B - 1,00 1,00 1,00 1,00
/| Fixed acc.to B - 1,00 1,00 1,00 1,00

/| Fixed

Compare beam B3 and beams (B2+B30) with each other: they should have exactly the same system
lengths. The only difference between those columns is that beam B3 was inputted as a beam of 3m
and beams (B2+B30) are divided in two parts. SCIA Engineer will consider those two beams also as
one buckling system:

o When the local axes are exactly in the same direction (so in this case the local x-axis is in
the same direction and the angle between the beams is exactly 180°).

o If no hinge has been inputted between the two beams.
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- There is also a graphical representation of the system lengths:
o Select beam B2 (or B30)

o Go to the actions menu and click on Graphical input of system length:

Actions
Buckling data 2

Buckling coefficient
Graphical input of system length

Table edit geometry

o And now the user can choose between the yy and the zz axis:

Name |BCE

— Buckling systems relation

zZ= Iu vI
yz= Iu vI
It = |E vI

— Relative deformation systems relation —

defz= m defy= H

[ o type
© y
iz

oz
[l
 defz
 dety

] L » | N
‘PR AEIEEE . e AARQADBH

Ready | ['CAP] MUM| SCRL

Cancel

- Now take a look at beam B13. The system lengths are the following (as expected, because there are
horizontal beams in the two directions on each node):

yy zZZ

P d
p e d
ped

When looking at the rendered view, it will be clear that beam B16 is too weak to have an influence
on the system length of beam B13. In SCIA Engineer there is possibility to exclude a beam from a
buckling system.

So select beam B16 and go in the Actions menu to Buckling data:
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Actions

Buckling data

Buckling coefficient B
Graphical input of systemn length o
Table edit gecmetry e

In this menu it is possible to indicate that beam B16 is a secondary beam and should not be taken
into account in the system lengths:

Mame BEB1

Mumber of parts 1

Member B16

Edit buckling

Member(s) material Steel, other

Buckling ky, kz coefficients or buckling lengths ~ default from LIB manager

All other and LTB coefficients default from LIB manager
= Buckling systems relation

prd

yz
It

= coefficient
ky factor Calculate
kz factor Calculate

Sway yy acc. to Steel> Beams> Setup

Sway 7z acc, to Steel> Beams> Setup

Influence of load position MNormal

Mer Calculated

(=) £ £

When looking now at member B13 and changing the Buckling and relative lengths back to “defaults”
the member B16 will not be included in the system lengths:

Properties b4

Member (1) [BRY: Y

€l e yy  zz
Mame B16 -
Type beam (80) -
Analysis model Standard - 3 } 4
CrossSection C54-RDE8 e
Alpha [deq] 0,00
Member system-line at centre -
& [mm] 0 . ‘
ez [mm] 0
LCS standard -
LCS Rotation [deg] 0,00
FEM type standard -
Buckling and relative lengths 1 } <
Layer ayer =

Buckling factors/lengths: manual input

The principles of the buckling factor and buckling length are explained in the previous paragraphs.
Those default settings can be changed in the menu “Buckling and relative lengths” or in the steel menu
with the “member buckling data”. This last one has a higher priority, so SCIA Engineer will first look if
there are “member buckling data” on a beam. If yes, the program will take into account those
properties, if no, the program will look at the properties in “buckling and relative lengths” of the
properties window of the member.
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In the menu “Steel -> Beams -> Member Check data -> Member buckling data” the user can change
the “Buckling ky, kz coefficients or buckling lengths” on “user input”.

And now the user can choose for ky and kz if those coefficients are calculated (default in SCIA
Engineer) or input the buckling factor or even directly the buckling length:

L] Buckling data
- Name BE1
™
Member(s) material Steel, other
Buckling ky, kz coefficients or buckling lengths  user input -
All other and LTE coefficients default from LIB manager ~
Dz Dy = Buckling systems relation
Ly Lg = z -
Lyz
Ljtb ¥z = i
1.\ Secondary member
) = coefficient
ky factor Factor -
kz factor Length -
Sway yy acc. to Steel> Beams> Setup =
Sway zz acc. to Steel» Beams> Setup -
|0k H Cancel [—

ky Ly [m] ly [m] Sway yy kz Lz [m] Iz [m] Swayz | kyz |
1 1,000 1,000 1,000 acc. to Base se - 1,000 1,000 1,000 acc. to Base se ~ 1,000

And those properties can be placed on one or more members.

Flexural buckling check in SCIA Engineer

Once all the buckling factors and system lengths have been inputted correctly, the Flexural buckling
check can be executed in SCIA Engineer.

Example: Industrial hall.esa
Consider column B28:

The classification of beam B28 is class 4, so an effective cross section has been calculated:

Properties

sectional area A eff 1.5269e+04 |mm?®

Shear area Vy eff 8.9420e+03 |mm?® |Vz eff |6.3269e+03 |mm?
radius of gyration iy |320.39 mm |iz eff 58.15 mm
eff

moment of inertia Iy |1.5674e+09 |mm* |Iz eff |[5.1634e+07 |mm*
eff

elastic section 4.1630e+06 |mm® |Wzeff |3.9265e+05 |mm’*
modulus Wy eff

Eocentridty eny 0.00 mm | enz 0.00 mm

SCIA Engineer will first show the Buckling parameters of this beam:
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Flexural Buckling check
Acoording to EN 1993-1-1 artide 6.3.1.1 and formula (6.46)

Buckling parameters Yy rrd

sway type sway non-sway
System length L 6,900 6,900 m
Budkling fador k 3,25 0,99

Budkling length Lo 22,415 6,832 m
Critical Euler load No 6596,08 |2293.84 kN
Slenderness Lambda 74,15 125,75
Relative slenderness Lambda,rel |0,74 1,25

Limit slenderness Lambda,rel,0 0,20 0,20

Budkling curve a b

Imperfedtion Alpha 0,21 0,34
Redudion factor Chi 0,83 0,45

Budkling resistance Nb,Rd 2976,05 |[1619,63 kN

In below the results of the yy direction are explained.

This direction has been set on “sway” in the steel Setup and with this option the Buckling factor k is
calculated.

The length of the column is 6.900m. So the buckling length = 3.35 x 6.900 m = 22.4 m

With this buckling length the Critical Euler load Ncr can be calculated. Afterwards the slenderness and
the Relative slenderness Lambda can be calculated with the critical Euler load.

An IPE750 profile has a buckling curve a, resulting in an Imperfection factor alpha = 0.21.
With those properties the reduction factor y will be calculated, which will filled in the following formula:

_ XAefrfy
Nb'Rd - YMm1

This result in a buckling resistance Nb,Rd = 2976.05 kN for flexural buckling around the local y-axis.

Exactly the same principle can be repeated for flexural buckling around the local z-axis.
This will result in a lower buckling resistance: Nb,Rd = 1619.63 kN.

The lowest buckling resistance will be used in the flexural buckling check:

Flexural Buckling verification

Cross-section effective area Aeff |[1,5269e+04 [mm?
Budkling resistance Nb,Rd 1619,63 kM
Unity chedk 0,10 -

Torsional Buckling

The check on torsional buckling can be important for profiles in which the position of the shear centre is
not the same as the centre of gravity of this section.

The design buckling resistance N rq for torsional or torsional-flexural buckling (according to EN 1993-

1-1, art 6.3.1.4(3)) shall be obtained using the buckling curve of the z-axis, and with relative
slenderness given by:

= /@
el Pl
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O = Min (O¢r 1, Ocr,7F)

2

_ ! GI, + Cm
GCT,T _Agié ( t l% )

i§ =iy +iZ+y§

1 2
Ocr,TF = ﬁ (Gcr,y + GCT,T) - (O-cr,y + O-cr,T) - 4ﬁo-cr,y0-cr,T
mE
2
)
Ly

)

O-CT,y =

with Ba the ratio Ac#/A

fuo the basic yield strength

Ocr the critical stress

CorT the elastic critical stress for torsional buckling

Oer TF the elastic critical stress for torsional-flexural buckling

G the shear modulus

E the modulus of elasticity

It the torsion constant of the gross section

Cwm the warping constant

iy the radius of gyration about yy-axis

i, the radius of gyration about zz-axis

I+ the buckling length of the member for torsional buckling (= Lyz)

Yo the position of the shear centre

ly the buckling length for flexural buckling about the yy-axis
=

¥ A ¥
L

=z

_.L.{
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Example: Flexural Torsional buckling

.esa

Look at the steel code check for member B1:

Torsional(-Flexural) Buckling check
Acoording to EN 1993-1-1 artide 6.3.1.1 and formula (6.46)

Torsional budkling length Lo 3,600 m
Elastic aitical load Na, T 2084,37 kM
Elastic aitical load Na, TF 1302,24 kM
Relative slenderness Lambda,rel, T |0,98

Limit slenderness Lambda,rel,0 0,20

Budkling aurve C

Imperfection Alpha 0,49

Redudion factor Chi 0,55
Cross-section area A 5,3300e+03 |mm?
Budkling resistance MNb,Rd 690,40 kM
Unity chedk 0,14 -

Lateral Torsional Buckling
General

General case

The flexural buckling check will be executed following EN 1993-1-1 art. 6.3.2.

<1
My, ga
Where
fy
My ra = Xpo Wy ——
Ym1

W, = W,,, for class 1 or 2 cross-sections
W, = W,,, for class 3 cross-sections
W, = Wz, for class 4 cross-sections

The reduction factor y,_r will be calculated as follows:

_ 1
o = P+ |Pfr-Afr
with
q)LT = 0,5[1 + aLT(XLT - 0,2) + }_\fT]

buty <1,0

_ W, f,
_ Yy
A = _Mcr
Me Critical bending moment (see next paragraph for this calculation)
o Imperfection depending on the buckling curves:
Buckling curve a b c d

Imperfection factor oyt 0,21 0,34 0,49 0,76




Steel Code Check

With the following recommended buckling curves for lateral torsional buckling:

Cross-section Limits Buckling curve
: hb<2 a
Rolled I-sections Wb =2 b
Welded I-sections hb<2 :l
d

hb=>2
Other cross-sections -

For slendernesses XLT < 0,2 of for % < 0,22 lateral torsional buckling effects may be ignored.

Lateral torsional buckling for rolled sections or equivalent welded sections

In the EN 1993-1-1 a distinction is made between lateral torsional buckling for general cases and for
rolled sections or equivalent welded sections.

This distinction can also be chosen in SCIA Engineer through “Steel -> Beams -> Steel setup” this can
be chosen for all the beams:

[ Standard EN Name Standard EN ~
El- Steel
; = Steel
o WMember check
- Relative deformation = Member check EN 1953-1-1
- Fire resistance [= Shear EN 1993-1-1: 6.2.6
i B.uc_kling defaults Use A, A; instead of elastic shear no
i Limit slenderness C =
cold Formed = Torsion EN 1993-1-1: 6.2.7
i Plated structural elements Limnit for torsien [-] 0,05
= Default sway types EN 1993-1-1: 6.3.1
¥y W yes
-z no
= Buckling length ratios ky, kz EN 1993-1-1: 6.3.1
Max. k ratio [-] 10,00
Max. slenderness [-] 200,00
?_nd order buckling ratios Acc. to input -
t Lateral Torsional Buckling EN 1993-1-1: 6.3.2
Lateral torsional buckling curves General case
Method for C1 C2 C3 General case
Rolled section or equivalent welded

With this option the reduction factor for Lateral Torsional buckling is calculated a bit differently:

1

Xir =
Oy + ,’q’ET - BAfr

But: xir < 1,0
1

< =

Xt = e

D r = 0'5[1 + aLT(XLT - XLT,O) + BX%.T]
And
A7,0= 0,4 (maximum value)

B= 0,75 (minimum value)
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Cross-section Limits Buckling curve
- hb<2 b
Rolled I-sections Wb~ 2 c
- hb<2 C
Welded I-sections b2 d

For slendernesses XLT < 7_\”,0 of for % < XLT,OZ lateral torsional buckling effects may be ignored.
cr

Following EN 1993-1-1 article 6.3.2.3: XLT,(): 0.4 but this can be adapted in the national annex of a
country and also in SCIA Engineer:

E- S:tandard EM = Imperfection Alpha,LT EM 1993-1-1: 6.3.2.2(2) ~
= Steel 2 a
ire resistance Value [-] 0,21
i Cold Formed E b
- Plated structural elements Value [-] 0,34
B«
Value [-] 0,49
= d
Value [-] 0,76
= LTB Curves
Formula Use Table 6.4
= Slenderness Limit EN 1993-1-1: 6.3.2.2(4)

= Lambda LT, 0

El LTE Curves - Rolled/Equivalent welde... W_
B Lambda,LT,0 Input

Value [-] 0,40
= Beta
Value [-] 0,75
= LTB Curves
Formula Use Table 6.5
= Modification factor f EN 1993-1-1: 6.3.2.3(2)
Formula Default EN Method
= Interaction Method EN 1993-1-1: 8.3.3(3)
Values Annex A (alternative methed 1) -
Fire resistance EM 1983-1-2
Cold Formed EN 1993-1-3
Plated structural elements EM 1993-1-5

v
Load default MA parameters | oK I Cancell

The reduction factor y,r+ may be modified as follows:

XLT

XLT,mod = f
f may be defined in the National Annex.
The following minimum values are recommended:
fF=1-0501-k)[1—- 20 —08)"]

Butf< 1,0



Steel Code Check

With k. by default taken from the next table:

Table 6.6: Correction factors k.

Moment distribution k.
(T 1,0
y=1
I - ;
1,33-0,33y
-l<y <l
0,94
0,90
|||||||

T 0,91

= 0.86

0,77

""" == = 0,82

But alternatively k. can also be calculated from the factor C;:

k. =1/¢,

In SCIA Engineer the user can choose between the standard method or the calculation of k. in function

of C, (by default k. will be taken from Table 6.6) in “Steel -> Beams -> Steel setup”:

[E]- Standard EN
B Steel
Member check
- Relative deformation
Fire resistance
Buckling defaults
Limit slenderness
i+ Cold Formed
" Plated structural elements
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MName
= Steel
= Member check
= Shear
Use A, A; instead of elastic shear
= Torsion
Limit for torsion [-]
= Default sway types
¥y
7z
= Buckling length ratios ky, kz
Max. k ratio [-]
Max. slenderness [-]
2" order buckling raties
= Lateral Torsional Buckling
Lateral torsional buckling curves
Method for C1C2 C3
Method for k.

eneral settings

Standard EM

EM 1993-1-1

EMN 1993-1-1: 6.2.6

"no

EN 1993-1-1: 6.2.7

0,05

EM 1993-1-1: 6.3.1

V| yes

' no

EM 1993-1-1: 6.3.1

10,00

200,00

Ace. te input 7
EM 1993-1-1: 6.3.2

General case -
ECCS 119/Galea -
EM 1993-1-1table 6,6

EM 1993-1-1 table 6.6

Verify only section checks

Determined from C1

T no

Flexural buckling accounted for by?_"d order cal [ no

Moments on columns in simple construction

"no




And also the values for beta and Lambda, r can be adapted in SCIA Engineer:

= Standard EN

- Steel

i Member check

Fire resistance
Cold Formed

Plated structural elements

Name
= Steel
= Member check
Bow Imperfections
Member Imperfection
Partial Safety Factors
LTB Curves - General Case
= LTB Curves - Equr

= Lambda,LT,0
Value [-]

= Beta
Value [-]

= LTB Curves
Formula

= Meodification factor f
Formula

= Interaction Method

Values

Standard EN

EN 1993-1-1

EN 1993-1-1: 5.3.2(3) b)
EN 1993-1-1: 5.3.4(3)
EN 1993-1-1: 6.1(1)

EN 1993-1-1: 6.3.2.2

.. EN 1993-1-1:6.3.2.3(1)

0,40

075

Use Table 6.5

EN 1993-1-1: 6.3.2.3(2)
Default EN Method

EN 1993-1-1: 6.3.3(5)

Annex A (alternative method 1)

(TR
Cold Formed
Plated structural elements

T
EN 1993-1-3
EN 1993-1-5

Lateral Torsional Buckling Check in SCIA Engineer

This LTB check will also be executed in SCIA Engineer.

Example: Industrial hall.esa

Consider beam B114:

The default method for the calculation of the C-factors has been used. This is also indicated in the

preview of the check results:

First the Lateral Torsional Buckling Check will be shown:

Lateral Torsional Buckling check

Aomording to EN 1993-1-1 arfide 6.3.2.1 & 6.3.2.2 and formula (6.54)

LTB parameters

Method for LTB aurve General case
Cross-section plastic modulus Wpl,y 3,5800e+05 |mm-
Elastic aitical moment Mo 55,82 kM
Relative slenderness Lambda,rel LT 1,23

Relative slenderness Lambda,rel, T 0,07

Relative slenderness Lambda,rel, EXTRA 1,30

Limit slenderness Lambda,rel,LT,0 0,20

LTB aurve a

Imperfection Alpha,LT 0,21

Redudtion fadtor Chi,LT 0,47

Design budding resistance Mb,Rd 39,49 kMm
Unity chedk 0,46 -

And afterwards the parameters for the calculation of M, will be shown.
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Mcr parameters

LTB length L 6,000 m
Influence of load position no influence
Corrediion facior k 1,00

Correction factor kw 1,00

LTB moment factor C1 1,13

LTB moment factor C2 0,45

LTB moment factor C3 0,53

Shear center distance d,z 0,00 mm
Distance of load application z,g 0,00 mm
Mono-symmetry constant beta,y |0,00 mm
Mono-symmetry constant z,j 0,00 mm

Mote: C parameters are determined according to ECCS 119 2006 / Galea 2002.

Below this “Mcr Parameters”-window the calculation method for the C parameters will be indicated.

Calculation of M,

General formula for | sections

For | sections (symmetric and asymmetric), and Rectangular Hollow Sections (RHS), the elastic
critical moment for Lateral Torsional Buckling M, is calculated by the following formula:

2 2 NAY
M, = UZTTEILZ)Z \/(%) [[—VZV+ %;27?12% +(Cozg — C32))" = [Cazy — C37]
Where
E the Youn modulus of elasticity (E = 210000 N/mm? for steel)
G the shear modulus (G = 80770 N/mm? for steel)
kpr-L the lateral torsional buckling length of the beam between points which
have lateral restraint (= I 1g).
Iw the warping constant
It the torsional constant
V4 the moment of inertia about the minor axis
Zg the distance between the point of load application and the shear center
k., A factor which refers to end warping. Unless special provision for warming
fixity is made, ky, should be taken as 1,0.
zZj z]-=zs—0,5fA (y2+zz)%dA
For doubly symmetric cross-sections: z; = 0
Z the coordinate of the shear center

C, C, and Cj; are factors depending on the loading and end restraint conditions.

In SCIA Engineer are different methods implemented for the calculation of those C; and C, factors.
Those methods are explained further in this chapter.

Haunched sections (I+lvar, Iw+Plvar, Iw+lwvar, Iw+lvar, I+lwvar) and composed rail sections (lw+rail,

Iwn+rail, I+rail, I+2PL+rail, I+PL+rail, I+2L+rail, +Ud+rail) are considered as equivalent asymmetric |
sections.
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The formula for Mcr uses the following parameters:

C1, C2, C3: calculated according to ENV, ECCS or Lopez
LTB length: kit*L

k and kw: factors related to the end fixity

zg: load position

zj: asymmetry of the section
More details about each parameter are given in separate chapters
LTBII

It is also possible to calculate M, with a more precise calculation, a second order Lateral Torsional
Buckling calculation. This will be explained further in this chapter.

General — calculation of C4, C, and C; factors

C1 : takes into account the shape of the moment diagram
C2 : takes into account the position of the loading
C3 : takes into account the asymmetry of the cross section

The coefficients C1, C2 and C3 can be calculated in SCIA Engineer according to three different
methods:

o ENV 1993-1-1 Annex F
o ECCS 119/Galea

o Lopez, Young, Serna

By default the method according to ECCS 119/Galea is applied. The following paragraphs give more
information on these methods.

The user can choose between those 3 methods in “Steel -> Beams -> Steel setup”:

El- Standard EN MName Standard EM -
[=1- Steel 2 Steel
Member check
Relative deformation =) Member check EN 1583-1-1
ire resistance = Shear EM 1993-1-1: 6.2.6
B.uc.kling defaults UseAy, A instead of elastic shear no
imit slenderness ; =
Cold Formed El Torsion EMN 1993-1-1: 68.2.7
lated structural elements Limit for torsicn [-] 0,05
= Default sway types EN 1993-1-1: 6.3.1
¥y Jlyes
-z no
= Buckling length ratios ky, kz EN 1993-1-1: 6.3.1
Max. k ratio [-] 10,00
Max. slenderness [-] 200,00
?_"d order buckling ratios Acc, toinput -
= Lateral Torsional Buckling EN 1993-1-1: 6.3.2
ateral torsional buckli £ General case i
Method for C1 C2 C3 ECCS 119/Galea
Method for k, ENV 1993-1-1 Annex F
- ECCS 119/Galea
E
SR
Verify only section checks no
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ENV 1993-1-1 Annex F
When this setting is chosen, the moment factors are determined according to ENV 1993-1-1 Annex
F Ref.[5].

For determining the moment factors (EN 1993-1-1: C1, C2 and C3) for lateral torsional buckling (LTB),
we use the standard tables.

The current moment distribution is compared with some standard moment distributions. This standard
moment distributions are moment lines generated by a distributed q load, a nodal F load, or where the
moment line reach a maximum at the start or at the end of the beam.

The standard moment distributions which is closest to the current moment distribution, is taken for the
calculation of the factors C1, C2 and C3.

ECCS 119/Galea

When this setting is chosen, the moment factors are determined according to ECCS 119 Annex B
Ref.[34].

The figures given in this reference for C1 and C2 in case of combined loading originate from Ref.[28]
which in fact also gives the tabulated values of those figures as well as an extended range.

The actual moment distribution is compared with several standard moment distributions. These
standard moment distributions are moment lines generated by a distributed q load, a nodal F load, or
where the moment line is maximum at the start or at the end of the beam.

The standard moment distribution which is closest to the actual moment distribution, is taken for the
calculation of the factors C, and C..

Galea gives results only for C; and C, factors.

C; is taken from ECCS 119 Annex B tables 63 and 64. The C; is determined based on the case of
which the C, value most closely matches the table value.

Lopez, Yong, Serna

When this method is chosen, the moment factors are determined according to Lopez, Yong, Serna
Ref[35].

When using this method the coefficient C, and C; are set to zero.

The coefficient C; is calculated as follows:

[ [0 050,

2
C1=

Ay
Where:

k =4/ k1k2

M2, + a;M? + a;M2 + az M2 + a,M? + asM?

A, =

1 A+a,+ay,+as+a, +ag)MZ,,

_ |M1 +2M, + 3M; + 4M, + 5M;

2 ngax

a,=1—-k,
k?

a, =5—

2 k%

_5(1+1)
=2k T
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4 14 Li4 /4 Muax=Ms
| L4 | L4 I L4
M My

. M —y
~L . 1l M: PRLIN

With:
kq Taken equal to ky,
ko Taken equal to ky,
My, Ma, M3, The moments M, determined on the buckling system in the given sections
Mg, M5 as shown on the above figure. These moments are determined by dividing
the beam into 10 parts (11 sections) and interpolating between these
sections.
Minax The maximal moment My along the LTB system.

This method is only supported in case both k and k,, equal 0.50 or 1.00.

Comparison of the 3 calculation methods
In below an example in SCIA Engineer in which the three methods are calculated:

Example: Cfactors.esa

In the steel setup the chosen calculation method for the C factors has been changed. In below an
overview of the results for those factors for the three methods:

ENV 1993-1-1 Annex F ECCS 119/Galea Lopez, Yong, Serna
Mar parameters Mcr parameters Mcr parameters
LTB length L 12,000 LTB length L 12,000 LTB length L 12,000
Influence of load position stabilising Influence of load position stabilising Influence of load position stabilising
Corredion factor k 1,00 Correction factor k 1,00 Corredtion fador k 1,00
Corredion factor kw 1,00 Corrediion factor kw 1,00 Corredtion factor kw 1,00
LTB moment fador C1 1,89 LTB moment factor C1 1,26 LTB moment facior C1 1,20
LTB moment fadior C2 0,33 LTB moment factor C2 0,45 LTB moment factor C2 0,00
LTB moment factor C3 2,64 LTB moment factor C3 0,41 LTB moment fador C3 0,00
Shear center distance d,z 0,00 Shear center distance d,z 0,00 Shear center distance d,z 0,00
Distance of load appliation z,g -245,00 Distance of load appliation z,g9 -245,00 Distance of load application z,g -245,00
Mono-symmetry constant beta,y | 0,00 Mono-symmetry constant beta,y | 0,00 Mono-symmetry constant beta,y | 0,00
Mono-symmetry constant z,j 0,00 Mono-symmetry constant z,j 0,00 Mono-symmetry constant z,j 0,00

Mcr = 1576.03 KNm Mcr = 1118.50 KNm Mcr = 842.64 KNm

There can be a big difference between the three calculation models.

In the method following “Lopez, Yong, Serna” the values for C2 and C3 are always taken equal to zero.
When comparing the C1 factors, the method following “ECCS 119/Galea” and “Lopez, Yong, Serna”
are approximately the same (1.26 and 1.20 respectively), but the C1 factor following the “ENV 1993-1-
1 Annex F” results in total different value: 1.89.
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k and kw factors

It is generally assumed that k = kw = 1, which means that the ends are not fixed. If the ends are fixed,
values lower than one can be used and this would lead to bigger values of Mcr. You can adapt the
values of k and kw from the member buckling data.

Select the member then open the ‘Buckling and relative lengths’ menu from the properties window:

4 Properties X

AZa e BN | & & | Numberofpats - 1 M‘Ernlélm m%j?f/ f
Name BC1 _

1 ez [mm] 0,00 ~
LCS standard -
LCS Rotation [deg] 0,00

FEM type standard -

Buckling and rela... el D

Layer Layerl | ez

Number of parts

Member(s) material Steel, other

5 Geometry v

Actions
Buckling data b

Buckling coefficient b

Graphical input of system length b
Table edit geometry b

Click on Edit button and go to Buckling data tab, here you can modify the values for k and kw:

Base seftings Buckiing data |

Yy | ky | Sway yy |zody[mm! prd kz Swayzz |zo dz[mm]| kyz | klt k low
1 | ¥ Fixed acc.toB - /| Fixed acc.to B - 1,00 1,00 1,00 1,00 I
2 |V Fixed | Fixed

Load position

The load position has an influence on calculated Mcr through the value of zg. The user can chose
among five load positions.

If you open the Buckling and relative lengths menu, you can see an option called ‘Point of load
application’. The five possibilities are:

- On top:

- In shear center:

- On bottom:

- Always destabilising:
- Always stabilising:
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the load is applied on the top flange

the load is applied in the shear center

the load is applied at the bottom flange

the load is applied on the destabilising flange
the load is applied on the stabilising flange



Base settings | Buckling data |

Name IEC1 Mumber of parts |1

Buckling systems relation

ly factor |Calculate

Z=

IZZ &7 l
yz= Izz .l kz factor |Calculate
IZZ i I

k= Sway yy Iacc.to Steel:Beams>Setup

Swayzz  |acc. to SteelxBeams>Setup

Poirt of load application

In shear center

On bottom
Nways destabilising
Always stabilising

Bow imperfection

"F{elative deformation systems relation

[ Warmping check

[ X diagonals Buckling system Standard method |

Apply |

This value is set to ‘In shear center’ by default and can be adapted to influence the value of Mcr.

LTB Length

LTB length is calculated as Ly = ki * I
ki is by default taken equal to 1. A smaller value can be used to reduce the LTB length. You can adapt

ki from the member buckling data:

Base settings  Buckling data |

Yy | ky | Swayyy |eody[mm] Iz kz Swayzz |eo dz[mm]| leyz
1 |V Fixed acc.to Ba - W Fixed acc.to Bz - 1,00
2 |V Fixed | Fixed

lef is the reference length. It is by default equal to the reference length around the weak axis (Lz) for
both bottom and top flange:
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Mame [BC1
— Buckling systems relation
Z= Iﬂ vl
yz=_ |z |
it = |Z vl

— Relative deformation systems relation—

_I defz= m defy = lﬂ

&x -I
ki = L i

g AlAE A bbb RARINBH

lReaﬂy |'['CAP|'NUM| SCRL|

—Input type

QK Cancel

The reference length can be overruled by another value using LTB restraints. These restraints make it
possible to define separate conditions for bottom and top flange.

LTB Restraints

r Purlin

I

|
Lﬁ_
)

: i
i T
N
At

A

—

Single angle

Rafter

In SCIA Engineer Lateral Torsional Buckling restraints can be inputted. Those restraints will change the
Lateral Torsional Buckling Length, used for the calculation of M,:

n2El, kN\?1, (kyr-L)2GI, 2
Mer = G5 J (E) FR (Crzg — C32j)" — [Crzg — C32]
Where
kpr - L the lateral torsional buckling length of the beam between points which

have lateral restraint (= I 1g).

This length will be taken as the distance between two LTB restraints.
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Fixed LTB restraints are defined on top flange or on bottom flange. The LTB lengths for the
compressed flange are taken as distance between these restraints. The LTB moments factors are

calculated between these restraints.

The restraints can be inputted via “Steel -> Beams -> Member Check data -> LTB Restraints”.

%

And only the restraints on the compressed side are taken into account.

Example: LTB_Restraints.esa

In this example the same beam has been inputted three times. Since in this example an IPE450
is used, the Lateral torsional buckling curves for “Rolled section or equivalent welded” are used in

the steel setup:

El- Standard EN Name Standard EN QD
=l Steel 5 Steel
i Member check
- Fire resistance 5 Member check EN 1993-1-1
i-- Cold Formed = Shear EN 1993-1-1: 6.2.6
;--P\ated structural elements Use A, A, instead of elastic shear no
i Limit slenderness N . =
i~ Buekling defaults E Torsion EN 1993-1-1: 6.2.7
i Relative deformation Limit for torsion [-] 0,05
E Default sway types EN 1993-1-1: 6.3.1
¥y V| yes
zz ne
E Buckling length ratios ky, kz EN 1993-1-1: 6.3.1
Max. k ratio [-] 10,0
Max. slenderness [-] 200,0
nd " .
El Lateral Torsional Buckling EN 1993-1-1: 6.3.2
Lateral torsional buckling curves Rolled section or equivalent welded -
Method for k EN 1993-1-1 table 6.6 -
= General settings
Elastic verification no
Verify only section checks no
Flexural buckling accounted for by 2™ order calculation no
Maments on columns in simple construction ne
Fire resistance EN 1993-1-2
Cold Formed EN 1993-1-3
Plated structural elements EN 1993-1-5 v
Reference: EN 1993-1-1 article £.3.2.2, 6.3.2.3
Description: Setting for selecting the |ateral torsional buckling curves.
Application: Used in the determination of the reduction factor for lateral torsienal buckling,
Load default non-NA parameters Load default NA parameters | oK I Cancel |

Note: The default setting for LTB curves is ‘General case’.
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The results for LC1 are:

=

R

W

4
<

I

'cla

—

? vl 7 w7 S Y

- -
B1 B2

Lateral Torsional Buckling check Lateral Torsional Buckling check
Aoording to EN 1993-1-1 artide 6.3.2.1 & 6.3.2.3 and formula (6.54) Acoording to EN 1993-1-1 artide 6.3.2.1 & 6.3.2.3 and formula (6.54)
LTB parameters LTB parameters
Method for LTB aurve Alternative @se Method for LTB aurve Alternative case
Cross-sedtion plastic modulus Wpl,y 1,7020e-03 m’ Cross-sedion plastic modulus Wply 1,7020e-03 m?
Elastic aitical moment Ma 281,38 KkNm Elastic aitical moment Ma 977,38 KkNm
Relative slenderness Lambda,rel LT 1,19 Relative slenderness Lambda,rel LT 0,64
Limit slenderness Lambda,rel,LT,0 0,40 Limit slenderness Lambda,rel,LT,0 0,40
LTB aurve C LTB airve C
Imperfection Alpha,LT 0,49 Imperfedion Alpha,LT 0,49
LTB factor Beta 0,75 LTB factor Beta 0,75
Redudtion factor Chi LT 0,53 Redudion factor Chi LT 0,86
Correction factor kc 0,94 Correction factor kc 0,91
Correction factor f 0,98 Correction factor f 0,96
Modified redudtion factor Chi,LT,mod |[0,54 Modified redudtion factor Chi LT,mod |0,90
Design budkling resistance Mb,Rd 216,08 kNm Design budkling resistance Mb,Rd 360,26 kNm
Unity chedk 1,13 - Unity chedk 0,68 -
Mcr parameters Mcr parameters
LTB length L 7,000 m LTB length L 3,500 m
Influence of load position no influence Influence of load position no influence
Correction factor k 1,00 Correction factor k 1,00
Corredtion factor kw 1,00 Correction factor kw 1,00
LTB moment fador C1 1,13 LTB moment facior C1 1,33
LTB moment facor C2 0,45 LTB moment factor C2 0,12
LTB moment factor C3 0,53 LTB moment factor C3 1,00
Shear center distance d,z 0 mm Shear center distance d,z 0 mm
Distance of load appliation z,g 0 mm Distance of load application z,g 0 mm
Mono-symmetry constant beta,y |0 mm Mono-symmetry constant beta,y |0 mm
Mono-symmetry constant z,j 0 mm Mono-symmetry constant z,j 0 mm

And for beam B3, 6 LTB restraints are inputted, so no LTB calculation will be executed:

If Ar < Aypo or for % < A.r,0? lateral torsional buckling effects may be ignored. With: A;7 o= 0,4

So for beam B3 the following LTB check is displayed:
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Acoording to EN 1993-1-1 artide 6.3.2.1 & 6.3.2.3 and formula (6.54)

LTB parameters

Method for LTB adrve Alternative Gase
Cross-sedion plastic modulus Wpl,y |1,7020e-03 m®
Elastic aitial moment Mar 4043,43 kNm
Relative slenderness Lambda,relLT |0,31

Limit slenderness Lambda,rel LT,0 0,40

Mcr parameters

LTB length L 1,400 m
Influence of load position no influence
Corrediion fadior k 1,00

Corrediion factor kw 1,00

LTB moment fador C1 1,01

LTB moment factor C2 0,02

LTB moment factor C3 1,00

Shear center distance d,z 0 mm
Distance of load appliation z,g 0 mm
Mono-symmetry constant beta,y |0 mm
Mono-symmetry constant z,j 0 mm

MY
/T\
f ¥ f
MY
/’—?\
} i }
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Note: The slenderness or bending moment is such that Lateral Torsional Budckling effects
may be ignored according to EN 1993-1-1 artide 6.3.2.2(4).

When looking at load case LC2, the top side of the beam will be under tension, so SCIA Engineer
will not take into account the effects of the LTB Restraints:

Calulation of Mcr for general sections

For the other supported sections as defined above, the elastic critical moment for Lateral Torsional

Buckling M, is given by:

MCT‘

n?El, |I, (kir-L)2GI,

kir.L the lateral torsional buckling length of the beam between points

=C, ——% |
Yk L) L n2El,
with E the modulus of elasticity
G the shear modulus
which have lateral restraint (= l_1g).
Iw the warping constant
It the torsional constant
Iz the moment of inertia about the minor axis
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Calulation of Mcr for channel sections

When a channel section is loaded, additional torsion appears due to the eccentricity of the shear centre
relative to the centroid of the cross section. For that reason, the value of Mcr has to be adapted.

In order to account for this additional torsion effect, the following procedure can be used where Agxra
is calculated.

Modified design rule for LTE of Channel sections

In case this setting is activated within the Steel Setup, the reduction factor for Lateral-Torsional
Buckling of Channel sections is determined according to Ref [22].

More specifically the calculation iz done as follows:

Reduction factor: ¥, = ———————=

R
Where: .= D5[1+12-'”{.1mn =0 2}+ "E‘nm]" curve A for channe! saclions, thersfore my= 021
Apxrn = Ayr +"'L.|
|H -
Ay = H*‘”
LA =1.0- 4, if 05=4, <080
A =043-0294, ¢ O0BO<A, <15
A =0 if A, =15

This Modified design rule iz applied only in case the following conditions are met:

- The section concems a Channel section (Form Code 5)
- The General Case iz uzed for LTB (Mot the Rolled and Equivalent Welded Casa)
- 15 <= Litb/h <= 40 {with Lith the LTE length and h the cross-section height)
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Diaphragms

When diaphragms (steel sheeting) are used, the torsional constant It is adapted for symmetric or

asymmetric | sections, channel sections, Z sections, cold formed U, C and Z sections.

A diaphragm can be inputted in SCIA Engineer via “Steel -> Beams -> Member Check data ->

Diaphragms”:

Diaphragms LIB
Position z

k

Diaphragm position
Bolt position

Bolt pitch

Lf - frame distance [m]

Ld - diaphragm length [m]

= Geometry
Coord. definition
Position x1
Position x2

Qrigin

B

E160/1.50
+Z

1 and 2 spans
Positive

Top flange
br

3,000

1,000

Rela

0,000
1,000
From start

The settings for the diaphragm are:

Diaphragms LIB

Position z

Diaphragm position

With this option the user can choose between diaphragms of
the library of SCIA Engineer or input his own diaphragm.

A diaphragm is only taken into account at the
compression side of the beam for the LTB check.

The value of coefficient k depends on the number of spans of

the diaphragm:

k =2 for 1 or 2 spans,

k = 4 for 3 or more spans.

The position of the diaphragm may be either positive or

negative.

Positive means that the diaphragm is assembled in a way so
that the width is greater at the top side.

Negative means that the diaphragm is assembled in a way so
that the width is greater at the bottom side.

65



Steel Code Check

Bolt position

Bold pitch

Frame distance

Length

Bolts may be located either at the top or bottom side of the
diaphragm.

Bolts may be either:

in every rib (i.e. "br"),

in each second rib (i.e. "2 br").

The distance of frames

The length of the diaphragm (shear field.)

The diaphragm will only have an influence on the torsional constant I; and will be taken into account in
the calculation for M, for the Lateral Torsional Buckling check.

The torsional constant It is adapted with the stiffness of the diaphragms.

The value for I, equals the previous value for I, (thus I, of the beam) plus a supplementary stiffness
calculated with the values of the diaphragm:

2

Itia = It + vorh Cy e

Where:
1 1

1

vorh Cy - Com k

El
Comp =k L

Copk

b, 1*
Conk = Cro0 [Wa()] if by <125

b
CﬁA,k = 1.25 Cy9p [1—(;10] if 125 < b, <200

3-E-,
Cap,k“m

vorh
CeM,

Coak

Cop x
k
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the LTB length
the shear modulus
the actual rotational stiffness of diaphragm

the rotational stiffness of the diaphragm

the rotational stiffness of the connection between the diaphragm and
the beam

the rotational stiffness due to the distortion of the beam
numerical coefficient

= 2 for single or two spans of the diaphragm

= 4 for 3 or more spans of the diaphragm

bending stiffness of per unit width of the diaphragm
spacing of the beam

the width of the beam flange (in mm)

rotation coefficient - see table

beam height

thickness beam flange

thickness beam web



Example: Diaphragm.esa

Consider member B1:

C1=1.13,C2=0.45,C3=0.53

o LTBLength=7m
@)
o Mcr=281kNm

Consider member B2

C1=1.13,C2=0.45,C3=0.53

o ltid = 1840207 mm*
o LTBLength=7m

O

o Mecr =405 kNm

The results for the calculation of the diaphragm are shown in the preview of the steel check just before

the Section check:

Diaphragm
According to EN 1993-1-1 artide BB.2.1 and formula (BB.2)

Parameters

Diaphragm name E160/1.50

Moment of inertia per length I |0,00 m*/m

Position z +7

Diaphragm position negative

Bolt position top flange

Bolt pitch br

Frame distance Lf 3,000 m

Diaphragm length Ld 3,000 m

Diaphragm factor K1- 0,167 m/kN

Diaphragm fadior K2- 15,700 m3/kN

Numerical coeffident k 4,00

Stiffness

Adual stiffress S 5555,21 kN
Required stiffness Serf 42802,77 kN

5 = Serf inadequately braced
Diaphragm on side compression side

Rotational stiffness (Diaphragm) COM,k 2637,60 kNm/m
Rotational stiffness (Beam distortion) COPk |100,15 kNm/m
Rotational stiffness (Connediion) CO0Ak 23,75 kNm/m
Rotational coeffident C100 10,00 kNm/m
Rotational stiffness vorhCk 19,06 kNm/m
LTB length L 7,000 m
Cross-sedion torsional constant It 6,6870e-07 m*
Additional torsional constant It,add 1,1715e-06 m*
Adapted torsional constant It,id 1,8402e-06 m*
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The results for the Lateral Torsional Buckling check are:

Lateral Torsional Buckling check
Aoording to EN 1993-1-1 artide 6.3.2.1 & 6.3.2.2 and formula (6.54)

LTB parameters

Method for LTB aurve General case
Cross-section plastic modulus Wpl,y |1,7020e-03 m?
Elastic aitical moment Mo 405,43 kNm

Relative slenderness Lambda,rel LT 0,99
Limit slenderness Lambda,rel,LT,0 0,20

LTB aurve b

Imperfection Alpha,LT 0,34

Redudion factor Chi,LT 0,60

Design budkling resistance Mb,Rd 240,51 kNm
Unity check 1,02 -
Mcr parameters

LTB length L 7,000 m
Influence of load position no influence
Correction fador k 1,00

Correction facor kw 1,00

LTB moment factor C1 1,13

LTB moment factor C2 0,45

LTB moment factor C3 0,53

Shear center distance d.z 0 mm
Distance of load application z,g 0 mm
Mono-symmetry constant beta,y |0 mm
Mono-symmetry constant z,J 0 mm

MNote: C parameters are determined acoording to ECCS 119 2006 [ Galea 2002.

Lateral Torsional Buckling using LTBII — Not in Concept Edition
This option has been inputted in SCIA Engineer as a separate module and it is not included in an
edition. The necessary module for this option is esasd.14.

For a detailed Lateral Torsional Buckling analysis, a link was made to the Friedrich + Lochner LTBII
calculation program.

LTBIl is the abbreviation of “Lateral Torsional Buckling with 2" order calculation”.

The Frilo LTBII solver can be used in 2 separate ways:

1. Calculation of Mcr through eigenvalue solution
2. 2" Order calculation including torsional and warping effects
For both methods, the member under consideration is sent to the Frilo LTBII solver and the respective
results are sent back to SCIA Engineer.
The single element is taken out of the structure and considered as a single beam, with:
o Appropriate end conditions for torsion and warping
o End and begin forces
o Loadings
o Intermediate restraints (diaphragms, LTB restraints)
To use this option in SCIA Engineer the functionality “LTB 2" order” should be activated.

And afterward with the option “Steel -> Beams -> Member check data -> LTB || member data” the user
can input LTB-data on a beam.
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Example: LTBIl.esa

In this example the same beam will be calculated with LTBII data on it and without in three
configurations:

o 5/1 LTEIl mermber data B4 |
— |
= =
X = Y/| LTEIl member data BS |
T i 1 T 1
? /| LTEIl member data B4 |
Jee—— Y
7 AN

When looking at the check for LC1 there is not a big difference between the beams with or without the
LTBII data:

\ 3,/ LT8 mombicy doto B2 ]
o kA LTBIl member dato B4

= o
=2 3
= .
i i i ¥
= AN AN
™~
TL
ALY
A 7% gy oy 2

In SCIA Engineer the calculation of a diaphragm is only calculation in one direction.

In Frilo the rigidity of the diaphragm against rotation and translation is taken into account, which results
in a higher stiffness of the diaphragm and thus a better unity check.

When looking at the results for Load Case LC2, the direction of the inputted line load is changed. The
upper side of the beams is under tension for this load case. SCIA Engineer does not take into account
LTB restraints or a diaphragm on the tension side. But Frilo can take this also into account. There will
be an augmentation of the rigidity:
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It
o

E' LTEN rmembar data B4

E

Hip3

F A LTBil membar data BF

[

Also in the detailed output this calculation is indicated:

Lateral Torsional Buckling check

Acoording to EN 1993-1-1 artide 6.3.2.1 & 6.3.2.3 and formula (6.54)

__l TBHIl member dota BE

I
[

LTB parameters

Method for LTB aurve Alternative case
Cross-section plastic modulus Wpl,y 1,6640e-04 m*
Elastic aitical moment Mar 27,05 kNm
Relative slenderness Lambda,rel LT 1,30

Limit slenderness Lambda,rel,LT,0 0,40

LTB aurve b

Imperfection Alpha, LT 0,34

LTE fadtor Beta 0,75

Redudion fador Chi LT 0,52

Corredion fador kc 0,94

Corredion factor f 0,99

Modified redudion fadtor Chi,LT,mod |[0,53

Design budkling resistance Mb,Rd 24,31 kNm
Unity chedk 0,58 -

Mcr parameters
LTB length L [7,200 [m

MNote: The elastic aitical moment Mo is caloulated using the FriLo BTII Solver.
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Compression and bending check

The compression and bending check for a member will be executed following EN 1993-1-1 art. 6.3.2.

Unless second order analysis is carried out, members which are subjected to combined bending and
axial compression should satisfy:

Ngq My, gq + AM,, g4 M, pq + AM, gq <1
XyNRk + Yy My,Rk yz MZ,Rk -
Y1 LT ypy Ym1
Ngq My gq + AM,, g4 My, pq + AM, gq
X, Nri z M, g “ M, gy =1
Z ) )
Ym1 LT yyq Ym1

Ngg, My g4, M, 4 are the design values of the compression force and the maximum moments about
the y-y and z-z axis along the member respectively.

Xy and x, are the reduction factors due to flexural buckling

XLt is the reduction factor due to lateral torsional buckling

Class 1 2 3 4
A, A A A A
Wv w‘u Lv w‘p]_\-' we_'Lv WEE‘ W
W Wiz Wp_]_z Wiz Weszz
AM, g4 0 0 0 eny NEg
AM, ¢4 0 0 0 ex. Nea

The interaction factors ky, ky,, k;y and k;, have been derived from EN 1993-1-1 Annex A (alternative
methodl) or from Annex B (alternative method 2).

The choice between Interaction Method 1 or 2 can be made in SCIA Engineer in the National Annex
parameters:

=8 Standard EM Mame Standard EM
=8 Steel 2 Steel
- Member check
. Fire resistance El Member check EN 1993-1-1
i-- Cold Formed Bow Imperfections EM 1993-1-1: 5.3.2(3) b)
-~ Plated structural elements Member Imperfection EN 1993-1-1: 5.3.4(3)
Partial Safety Factors EN 1993-1-1: 6.1(1)
LTB Curves - General Case EN 1993-1-1: 6.3.2.2
LTB Curves - Rolled/Equivalent welded ... EN 1993-1-1:6.3.2.3(1)
= Interaction Method EM 1993-1-1: 6.3.3(3)
AnnexA(aItemative method 1) =
Fire resistance
Cold Formed Annex B (alternative method 2)
Plated structural elements EM 1993-1-5

Example: Industrial Hall.esa
Consider column B28 (for combination CO1-ULS).

In SCIA Engineer first all calculated formulas, in this example following EN 1993 Annex 1, are given:
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Bending and axial compression check

Acoording to EN 1993-1-1 artide 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters

Interaction method alternative method 1
Cross-section effective area Aeff 1,5269e+04 mm?
Cross-section effective modulus Weff,y 4,1630e+06 mm?
Cross-section effeciive modulus Weff,z 3,9265e+05 mm?
Design compression force N,Ed 159,86 kM
Design bending moment (maximum) My,Ed |-697,64 kNm
Design bending moment (maximum) Mz, Ed |-0,24 kNm
Additional moment Delta My,Ed 0,00 kMNm
Additional moment Delta Mz, Ed 0,00 kMNm
Charadieristic compression resistance N,Rk |3588,20 kM
Charadteristic moment resistance My, Rk 978,31 kNm
Charaderistic moment resistance Mz, Rk 92,27 kNm
Redudtion fador Chi,y 0,83

Redudtion fador Chi,z 0,45

Redudtion factor Chi LT 0,75

Interaction factor k,yy 0,98

Interaction fador k,yz 0,84

Interaction factor k.zy 0,94

Interaction factor k.zz 0,81

Maximum moment My,Ed is derived from beam B28 position 6,900 m.
Maximum moment Mz,Ed is derived from beam B28 position 6,900 m.

Interaction method 1 parameters

Critical Euler load N,a,y 6596,08 kN
Critical Euler load N,o,z 2293,84 kN
Elastic aitial load N,a,T 4395,48 kM
Cross-section effediive modulus Weff,y 4,1630e+06 mm?®
Second moment of area Iy 1,5990e+09 mm*
Second moment of area Iz 5,1660e+07 mm*
Torsional constant It 1,3710e+06 mm’*
Method for equivalent moment factor C,my,0 |[Table A.2 Line 1 (Linear)

Ratio of end moments Psi,y 0,00

Equivalent moment factor C,my,0 0,79

Method for equivalent moment factor C,mz,0 |Table A.2 Line 1 (Linear)

Ratio of end moments Psi,z 0,00

Equivalent moment factor C,mz,0 0,78

Factor mu,y 1,00

Factor mu,z 0,96

Factor epsilon,y 16,01

Factor a,LT 1,00

Critical moment for uniform bending Mar,0 965,61 kMNm
Relative slenderness Lambda,rel,0 1,01

Limit relative slenderness Lambda,rel,0,lim 0,26

Equivalent moment factor C,my 0,96

Equivalent moment factor C,mz 0,78

Equivalent moment factor C,mLT 1,00

And afterwards the check is given as two times a sum of three values as in formulas (6.61) and (6.62)

of the EN 1993-1-1:

Ngq K My gq + AM,, g4 M, pq + AM, gq
XyNRk ry My, pi vz M, gy -

Yu1 LT ypy Ym1

Ngq Tk My gq + AM,, g4 M, pq + AM, gy <1
X Nere % M, i z M, gy -

Ym1 LT ypy Ym1
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In SCIA Engineer:

Unity check (6.61) = 0,05 + 0,93 + 0,00 = 0,98 -
Unity check (6.62) = 0,10 + 0,90 + 0,00 = 1,00 -

Shear buckling check — EN 1993-1-5

General

The shear buckling check will check if the web of the cross section can locally buckle.
This check is not included in EN 1993-1-1, but in EN 1993-1-5: Design of steel structures — Part 1-5:
Plated structural elements.

First it will be checked if the slenderness is lesser than a certain value, because for webs with a small
slenderness, this check should not be executed.

Plates with h,/t greater than 72¢/n for an unstiffened web should be checked for resistance to shear.

With:
€= 235
A fyN/mm?)
n will be defined in the National Annex. The value 7 = 1.20 is recommended for steel grades
up to and including S460. For higher steel grades » = 1.00 is recommended.
by
1" —I fi
1
3
P
t
1

If the slenderness is higher than the minimum one, the shear buckling check is executed following EN
1993-1-5, formula (5.10) (this is a check on the shear force) and formula (7.1) (which is the check on
the interaction between shear force, bending moment and axial force). Both formulas are checked in
SCIA Engineer.

Example: Industrial Hall.esa
Consider Beam B50

This is an IPE 160 profile: h,, =160 — 2 x 7.40 = 145.2 mm. And t =5 mm
= h,/t=29.04

This should be checked with the value: 72¢/7 =72 x 1.00/ 1.2 =60
= h,/t<72e7n
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= The shear buckling check does not have to be executed.
This is also indicated in SCIA Engineer:

Shear Buckling check
Acoording to EN 1993-1-5 artide 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

Budking field length a 6,000 m
Web unstiffened

Web height hw 145,20 mm
Web thidkness t 5,00 mm
Material coeffident epsilon [1,00

Shear corredion factor Eta | 1,20

Shear Buckling verification

Web slenderness hw/t | 29,04

Web slenderness limit 60,00

Note: The web slenderness is such that Shear Budkling effects may be ignored
aomording to EN 1993-1-5 artide 5.1(2).

Consider Beam B28 (for combination CO1-ULS):

This is an IPE750x137 profile: h, =753 -2 x 17 =719 mm. And t = 11.5 mm
= h,/t=6252

This should be checked with the value: 72¢/ =72 x 1.00/1.2 =60
= hy,/t>72&7n

= The shear buckling check has to be executed.

Shear Buckling check
According to EN 1993-1-5 artide 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

Budkling field length a 6,900 m
Web unstiffened

End post non-rigid

Web height hw 719,00 mm
Web thidkness t 11,50 mm
Yield strength fyw 235,0 MPa
Flange width bf 263,00 mm
Flange thidkness tf 17,00 mm
Yield strength fyf 235,0 MPa
Material ocoeffident epsilon |1,00

Shear corredtion factor Eta |1,20

Shear Buckling verification

Web slenderness hw/t 62,52

Web slenderness limit 60,00

Plate slenderness lambda,w 0,72
Redudion factor chi,w 1,15
Contribution of the web Vbw,Rd 1286,75 |kN
Capadty of the flange Mf,Rd 714,47  |kNm
Flange fador c 1,866 m
Contribution of the flange Vbf, Rd |9,32 kN
Maximum resistance Vb,Rd limit 1346,22 |kN
Resistance Vb,Rd 1296,07 |kN
Plastic resistance Mpl,Rd 114328 |kNm
Shear ratio eta,3,bar 0,08

Unity chedk (5.10) = 0,08 -

Note: The interaction between Bending and Shear Buckling does not need to be verified

because the shear ratio does not

exceed 0.5.
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Stiffners

In EN 1993-1-5, Figure 5.1 the definitions of stiffeners on a member are given:

e

A

f ' ) . ?

a) No end post b) Rigid end post ¢) Non-rigid end post

Those stiffeners will influence the total length for shear buckling. Also in SCIA Engineer those stiffeners
can be inputted on a beam and will only have influence on the shear buckling check.

Those stiffeners can be inputted via “Steel -> Beams -> Member check data -> Stiffeners”.

The stiffeners define the field dimensions (a,d) which are only relevant for the shear buckling check.
When no stiffeners are defined, the value for ‘a’ is taken equal to the member length.

Example: Stiffeners.esa
In this example 2 identical beams are inputted. B1 without stiffeners and B2 with stiffeners:

Let's now compare the shear buckling check with and without stiffeners:
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Without stiffeners
Shear buckling check:

Shear Buckling parameters

With stiffeners
Shear buckling check:

Shear Buckling parameters

Budkling field length a 1,600 m
Web stiffened

End post non-rigid

Web height hw 782,00 mm
Web thickness t 5,00 mm
Yield strength fyw 235,0 MPa
Flange width bf 275,00 mm
Flange thickness tf 9,00 mm
Yield strength fiyf 235,0 MPa
Material coeffident epsilon |1,00

Shear correction fador Eta |1,20

Shear Buckling verification

Shear buckling coeffident k tau 6,30

Web slenderness hw)t 156,40

Web slenderness limit 64,82

Plate slenderness lambda,w 1,67
Redudion factor chi,w 0,50
Contribution of the web Vbw,Rd 264,19 (kN
Capadty of the flange Mf,Rd 460,07 |kNm
Flange fador c 0,419 m

Contribution of the flange Vbf,Rd |11,38 kM

Maximum resistance Vb,Rd,limit 636,60 [kN

Budding field length a 6,000 m
Web unstiffened

End post non-rigid

Web height hw 782,00 mm
Web thickness t 5,00 mm
Yield strength fyw 235,0 MPa
Flange width bf 275,00 mm
Flange thickness tf 9,00 mm
Yield strength fyf 235,0 MPa
Material ooeffident epsilon |1,00

Shear corredion factor Eta (1,20

Shear Buckling verification

Web slenderness hwi/t 156,40

Web slenderness limit 60,00

Plate slenderness lambda,w 1,81
Redudion factor chi,w 0,46
Contribution of the web Vbw,Rd 243,24 kN
Capadty of the flange Mf.Rd 460,07 |khNm
Flange fador c 1,570 m
Contribution of the flange Vbf,Rd |[1,92 kM
Maximum resistance Vb,Rd,limit 636,60 |kN
Resistance Vb,Rd 245,16 kN
Plastic resistance Mpl,Rd 693,57 |kNm
Shear ratio eta,3,bar 1,23

Moment resistance MR, eff 569,96 |[kNm
Moment ratio eta,1,bar 0,43

Moment ratio limit eta,1,barlimit |0,66

Resistance Vb,Rd 275,57 |kN
Plastic resistance Mpl,Rd 693,57 |kNm
Shear ratio eta,3,bar 0,91

Moment resistance MR,eff 569,96 |[kNm
Moment ratio eta,1,bar 0,20

Unity check (5.10) = 1,22 -

Moment ratio limit eta,1,bar limit |0,66

Unity check (5.10) = 0,87 -
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ULS Check for Battened compression members

% This check can be executed following the EC-ENV and EC-EN 11993-1-1
art.6.4

The following section pairs are supported as battened compression member :

. (1) 21
) 2Uo
- ©) 2Uc

Two links (battens) are used.

The following additional checks are performed:
- buckling resistance check around weak axis of single chord with N gq
- section check of single chord, using internal forces
- section check of single batten, using the internal forces

‘ ‘ ho

i
i

Example — manual calculation of a battened compression member

EC_EN_Battened_Compression_Members_l.esa

Consider member B1
On this beam, only a compression force of 500kN is applied
Properties of the batten:

Division 4

Distance from beginx[m] 0,200

Distance from end x" [m] 0,200
Width of link w [m] 0,220
Thickness t [mm] 7,00
On begin W
On end i
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Properties of the IPE 330 profile

A [mm*2]
Ay [mm*2]
Az [mm*2]
AL [m*2/m]
AD [m*2/m]
c¥UCS [mm]
cZUCS [mm]
o [deg]

ly [mm*~4]
Iz [mm*4]
iy [mm]

iz [mm]

Wely [mm*~3]

Welz [mm*3]
Wply [mm*3]
Wplz [mm*~3]
Mply+ [Nmm]
Mply- [Mmm]
Mplz+ [Nmm]
Mplz- [Nmm]
dy [mm]

dz [mm]

It [mm*4]

lw [mm 6]

By [mm]

Bz [mm]

Values in SCIA Engineer:

Check for battened compression member

Table of values

| 4600.00 i
a 1150.00 mim
ho 210,00 i
Ich 7.8810e+06 |mm*
Lambda |41.50

Mu 1.00

Ach 6.2600e+03 |mm?®
Ieff 1.5380e+08 |mm°®
Sv 24384.44 kM
el 9.20 mm
MEd,| 0.00 kMm
MEd 4.86 kNm
VEd 3.32 kM

Manual calculation of those values:

I length = Member length — (distance from begin) — (distance from end)
=5000mm — 200mm — 200mm

=4600mm
a distance between battens = I/ (number of divisions) = 4600mm / 4 = 1150 mm
hO distance between centroids of chords = 210mm

Ich Iz of the IPE330 profile
Ach area if one |-profile, so A of IPE 330
Lambda =1/1i0 = 4600mm / 110,833 mm =415



Mu

leff

Sv

el
MEd,|
MEd

VEd

with
l;, =0.5-h0%-Ach+2-Ich
= 0.5 (210mm)? - (6260mm?) + 2 - (7881000mm*) = 1.538 x 108mm*

i0=\/ Iy _\/1.538x108mm4=110’833mm

2-Ach 2:6260mm?2
u:
=0 if Lambda > 150
= p — Lambda it 75 < Lambda < 150

75
=1.0if Lambda <75

And Lambda = 41.5 < 75 in this example => p = 1.00
0.5-h0%-Ach+2-u-Ich
= 0.5 (210mm)? - (6260mm?) + 2 - (1.00) - (7881000mm*) = 1.538 x 108mm*

24-E-Ich 2-m?-E-Ich
= — 7 lhmoy DUt Sv < ——
a '(1+n-1b '7)

With:

n = number of planes of battens: n=2

Ib = (tickness batten) x (width of batten)3/ 12 = (7 mm) x (220 mm)3 / 12
=6,211 x 10° mm*

(210000NY 4
24-(20 ) (7881000mm)
2:(7881000mm?%) 210mm )

2:(6,211 x 106 mm#) 1150mm

24-E-Ich
2-Ich ho

2. - - 4
a (1+n-1b a) (1150mm)2-(1T

= 2.438 x 10*kN

And

2 (210000N 4
22 Elch _ 2T (B2 )-(7881000mm*)

a? (1150)2

= Sv =2438x 10*kN

=2.470 x 10*kN

=1/500 = 4600mm/500 = 9.2 mm
Mz in the cross section under consideration = 0 KNm

will be calculated as follows:

NEd NEd NEd-e0O+MEd_I

(1=t =) >0 =>MEd = *
Ner Sv
Otherwise: => Med =1 x 10° kKNm
With:
2 (210000N 8 4
_wpreff  m(S5 7T ) (1538 x 108mmY)
New=—3"= 2600’ = 15064 kN
SO0KN__ _SO0KN_ _ 9466 > 0

" 15064kN 24700 kN

NEd-e0+MEd_I  500kN-9.2mm+0kNm
= MEd = — =
_NEd_NEd 0.9466
Ncr  Sv

= 4860kNmm = 4,860kNm

_ mMEd __ m4860kNmm
l 4600mm

3,32kN
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Check of chord as beam in field between battens
Aocording to artide EN 1993-1-1: 6.4.3.1 & 6.2.9.1 and formula (6.42)

Table of values

NG 270.78 |kN
VG 166  |kN
MG 0.95 kNm
Unity check [0.19 -

The check of the chord will be executed with a section check following the EN 1993-1-1 for the chord
profile with the following internal forces on one batten:

NG = NChord = 0.5 - NEd + 24124 _ 5 . 500N + Lo6NmmICLomm) (6260mm) _ 57 76 joy
2-leff 2:1.538 x 10°mm

VG = VEd /2 =3,32kN / 2 = 1,66kN

MG — Ve;i-a — 3,32kN-1150mm — O95kNm

For an I-section a classification is made, for an U-section always an elastic check is done.

This section check will result in a unity check of 0,19

Buckling check of chord

Buckling check of chord
Aoording to artide EN 1993-1-1: 6.4.3.1 & 6.3.1.1 and formula (6.46)

Table of values

Nch,Ed 270.78 kN
Budding length 1150.00 |mm
Slenderness 3241

Relative slenderness Lambda |0.37

Budding aurve b
Imperfection Alpha 0.34
Redudion factor Chi 0.94

Unity chedk 0.17 -

Nch,Ed = NChord = 170,78 kN (see check of Check of chord as beam in field between battens)
Buckling length = a

Buckling length 1150mm
g 79" = = 32,411

Ich 7881000mm*
Ach 6260mm?
275N

. 6260mm?2-
Relative slenderness Lambda /A;’;:y = mm? — () 373
z

Slenderness =

12351000 N
With:
210000N 4
n?E-Ich % (==——5—)-(7881000mm*)
Ner, = . ;= Conr) - = 12351 kN
(Buckling length) (1150mm)

Buckling curve = b, this is the buckling curve for the IPE 330 around the z-axis
Imperfection alpha for buckling curve b = 0.34

Reduction factor Chi can be calculated as explained in the buckling check.

NchEd _ 270,78kN
NbRd ~ 16182 kN

Unity check = =0.17

With:

Nb, Rd = reduction factor Chi A;h—'fy = 0.94 6260mm1'(2);5N/mm
M1 .

=1618,21 kN



Check of batten:
Check of batten

Aocoording to artide EN 1993-1-1: 6.4.3.1, 6.2.9.2 & 6.2.6 and formula (6.42), (6.19)

Table of values

t 7.00 mm
b 220.00 |mm
T 9.09 kM
MG 0.95 kMNm
Sigma 16.9 MPa
Unity check |0.06 -
Tau 5.9 MPa
Unity check |0.04 -

t thickness of batten
b width of batten
T — VEd-a — 3,32kN-1150mm = 9.09kN
ho0-2 210mm-2
MG = 0.954 KNm (see previous check)
Sigma MG'b/2 _ 954000N‘mm-62201:lm/2 = 16,9MPa
Ib 6.211-10°mm

(calculation of Ib see calculation of Sv at the properties)

_ Sigma 16,9MPa

Unity check sigma: =~ = Zrsnjmme = 0.06
YMo 1.00
T 9090N
Tau =—=————=59MPa
b-t 220mm-7mm
. . Tau __ 59MPa _
Unity check Tau: = e = 2N s = 0.04
YMo 1.00
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ULS Check for Built-in beams

The built-in beams are of the types SFB (Slim Floor Beam), IFB (Integrated Floor Beam) or THQ (Top
Hat Beams).

The relevant section classification according to the proper code is performed. Classification for class 1,
2, 3 and 4 is supported. For the ULS section check, the local plate bending is taken into account for the
plastic moment capacity and the bending stresses in the section. Out-of-balance loading is checked.

h200

tull

s B0

tull

b 400 bu 380

ba 180

to20
A

10

T 400

This out-of-balance check has been inputted by a factor “Q”.

When inputting a line load on such a section, the option “Bottom flange” can be checked and
afterwards a Q factor (an out-of-balance factor) can be inputted in the properties window of this line
load. This Q factor indicates the distribution of the force:

Ui i Q= 9 mize ™ Ymim

¢ ¢ ) D iriae + Y i

If Q = 0, both sides are loaded equally, Q=1: one side is loaded the other side isn’t.

The position of the load is indicated in the cross section library by the value s
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° N Y
- sw 70.00
- bu 380.00

Example: Built-in beams.esa

In this example a beam with an IFB profile has been inputted with a line load of 200kN/m and an out-of-
balance factor Q=0.8:

Properties o =

Lineforceonbeam() —[SINTIRTAN
\’J x
[Name | LF1
Directicn Zz ~
Type Force -
Angle [deg]
Distribution Uniform -
Value - P [kN/m] -50,00
——

Bottom flange W
Q - factor 08

In the steel code check, the out-of-balance check is given:

E;
—
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Section check inclusive local q loading
acmording to ECCS No.83 "Design Guide for Slim Floors with Built-in Beams”

Table of values

g max |45.00 kN/m
gmin |5.00 kM/m
el 286.67 |mm
e2 0.00 mm
bu 380.00 |mm
tu 10.00 mm
bo 180.00 |mm
to 13.50 mm
hf 198.25 |mm
bf 0.00 mm

MNormal stress check according to formula (5.15)

Table of values

Sigma X -70.25 |MPa
Sigma y 387.00 |MPa
unity check  |1.81

Shear stress check

Table of values
Sigma X -75.33 |MPa
Tau 6.75 MPa
unity check  [0.32

Torsion check according to formula (4.15)

Table of values

e 143.33 mm
Q 40.00 kh/m
L 4.00 m
Lk 2.91 m
Io 6561000.00 [mm®
M, max 4.13 kNm
Mw, max 7.34 kMNm
Tau t max 176.05 MPa
Tau w max |[22.86 MPa
unity check | 1.47
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Optimisation

In SCIA Engineer there are two ways of performing an optimization:
1. Cross section optimisation: Optimisation of a chosen cross section.

2. Overall optimisation: Optimisation of one or more (or all) cross sections at the same time.

Both options are explained in the next two paragraphs.

Cross section optimisation

With this option the user can optimise a cross section for the steel code check. This will be explained in
the example below.

Example: Optimisation.esa

The optimisation can be found via “Steel -> Beams -> ULS Checks -> Check”. First the steel code
check has to be calculated, so first click on “Refresh”.

When clicking now on “Autodesign”, SCIA Engineer will give the following message:

l; Filter will be switched on Cross-section

And in the properties window the option for “Filter” has been changed into “Cross-section”. Now choose
here for the profile IPE 140 and click again on “Refresh” and afterwards on “Autodesign”.

Now the “Autodesign of the cross-section” window will open:

—Autodesign
Maximal check
Maximum unity check:

Edit constraints |

Edit |

MNext down |

Search for optimal

Direction IUp & down VI

Parameter

1 - catalogue: [PE140 LI

Param. | Autodesign |

| sections Yes

Set value Select/Deselect All Test relations | OK I Cancel
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First you can fill in the maximal check. Normally this is a unity check of 1.00.
The Maximum unity check displayed below is the maximum unity check for the IPE140, found in this
project.

When clicking on “Search for optimal”, SCIA Engineer will suggest the smallest IPE profile which will
resist the calculated internal forces.

In this example an IPE 200 will be found. When clicking on “OK” now, SCIA Engineer will replace this
IPE140 profile by an IPE200 profile automatically.

Now the steel code check of this IPE200 profile is executed with the internal forces calculated with the

properties of the IPE140 profile. For example the self weight will not be taken into account correctly. So
the project should be recalculated, before accepting those new unity check results.

It is also possible to use a list of sections.
With this list it is possible to indicate which sections can be used or not. For example the section
IPE140A can be filtered out the possibilities for the autodesign.

Recalculate the project and let’s make a list for the columns. This can be done through “Library ->
Structure, analysis, Cross-section list” and choose for “Library cross-section of one type”.

Now select the profiles that should be added to this list:

Form code Code name Selected to list

"~
Rectangular hollow section
Circular hollow sections

L sections

Channel sections

T sections

Full rectangular sections

Full circular sections
Asymmetric | sections HG[GOST)
Rolled £ sections HHD

Cold formed angle sections HL

Cold farmed channel sectio HL[5Z5)
Cold formed Z sections HM[CH]
Cold formed C sections HM[CH]
Cold formed Omega sectior HP

Cold formed C section eave: HP[ARC)
Cold formed C-Plus section HP[ARCUS)
Cold formed ZED section HPGERD])
Cold formed ZED section as HP{Imp]
Cold formed ZED section im HT[CH])
Cold formed Sigma section HWICH)
Cold formed Sigma section |

e

Cancel

When performing an Autodesign in the steel menu now for the columns HEA220, this list can be
chosen:
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—Autodesign

Maximal check I1

Maximum unity check: 0.336

Edit constraints | Info

Mext down | Mext up

|
Edit | Change |
|
|

Search for optimal

Direction IUp & down vl

Parameter

1 - catalogue: HEA220 ;I

Param. | Autodesign

| sections Yes

Set value Select/Deselect All Test relations OK I Cancel

For the moment this profile has a maximum unity check of 0.386, so SCIA Engineer will search for the
smallest profile from this “LIST1” which will pass the unity check

Close this example without saving! It will be used in the next paragraph again!

In the next example the different options of the cross-section optimisation are explained.

Example: Optimisation2.esa
Go here to “Steel -> Beams -> ULS checks -> Check” and go to the Autodesign menu for this beam.

This profile has a lot of parameters, so the user can choose which parameters should be updated:

87



Steel Code Check

—Autodesign

Maximal check

Maximum unity check:

Edit canstraints |

Edit | Change

MNext down I

Search for optimal

Direction IUp & down vI

Farameter

I‘I - dimension: Ba

1 - dimension: Ba

2 - dimension: tha

3 - dimension: Bb

4 - dimension: thb

5 - dimension: A
Advanced Autodesign
Coupled 5et Autodesign

Set value Select/Deselect All | Test relations OK I Cancel

Also the option “Advanced Autodesign” will appear. With this option several parameters can be
optimized at the same time and restriction for each parameter can be given. So input the following
options:

—Autodesign
[N
Maximal check I 1 Ba 400 ,
Maximum unity check: 2176 b L
[
Edit constraints | Info | —
Edit | Change | =
Mext down | Mext up | é
Search for optimal |
Direction IUp & down VI -
Parameter
IAdvanced Autodesign LI
Param. | Value |\utodesigr|ReIated t0| Ratio | List | Step | Min. | Max. | Info |
1 |Ba 400 JYes Mo No A 10 100 500
2 |tha 12 | Ne Mo - 1,00 No A 10 1 16
3 |Bb 300 W Yes Mo No A 10 100 700
4 |thb 12 | Ne Mo - 1,00 No A 10 1 16
5 |a 120 VYes  No Ne = 10 60 0 [ ]

Set value | Select/Deselect All | Test relations | QK I Cancel |

So the thicknesses thb and tha are not autodesigned. All other options can be adapted by SCIA
Engineer. When clicking on “Search for an optimal”, the following profile is suggested by SCIA
Engineer:
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—Autodesign

Maximal check I 1

Maximum unity check: 0.999

Edit constraints | Info

Edit | Change

Bh43n

Mext down | Mext up

Search for optimal

Direction IUp & down YI

Parameter

Advanced Autodesign ;l

Param. Value |\utodesigr|ReIated tc1| Ratio |
Ba 390 V| Yes
tha 12 Mo
Eb 430 Ve
thb 12 Mo
A 270 | Yes

5et value Select/Deselect All Test relations Cancel I

With the option “Set value” a value for a certain parameter can be set. So select the parameter “Ba”
and click on “Set value”. Now a value of 500mm can be inputted. And the Maximum unity check for this
profile will be adapted automatically.

Overall optimisation

It is also possible to perform an overall optimisation in SCIA Engineer. With this option, one or more
profiles can be optimised at the same time. Afterwards the calculation will be restarted and the internal
forces are recalculated with the new cross-sections, followed again with a new optimisation.

This iterative process can

o Or stop because all profiles does not have to be autodesigned and the same profile was
found as in the previous step

o Or stop because the maximum number of iteration steps has been reached if this is inputted
by the user.

It is advised to input a number of iteration steps, otherwise this optimisation process can become a
loop and will stop after 99 iteration steps. This will cost a lot of calculation time.

The principle of the overall optimisation process is explained by the following example.

Example: Optimisation.esa

If this example is still open from the previous chapter, please close it and reopen it without saving.
Calculate the project and go to “Main -> Calculation, Mesh -> Autodesign”.

Click here on Add item and choose for “Steel > Cross-section AutoDesign” and add all cross-sections

in this Autodesign process.

The combination, for which the optimisation calculation has to be calculated, can be chosen.
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Also for each profile, the user can indicate if this profile has to be autodesigned only in the “Up”
direction (so only become bigger) or in the ‘Up and down” direction (and also can become a smaller
profile as result). With this last option, there is a chance that the iterative process will become a loop.

Property Parameters [~ Picture
Mame Cross-section | C51-HEAZ =
Combinati ~ Parameter HEA220 -
Combinations J§ €01-ULS - Use cross-sect... ||
Autodesign t...  Steel - Cros.. Rolled HEAZ220
Items count 4 Sort by Height -
Starting CS5 Actual >
Search pattern  Find first ok ~
Direction Up and dov ~

Maximal chec... 1,00
Autodesign c.. 0,00

Items

1. C51 (HEA220}

2, €52 (IPE140)
3, C53 (HFLeq45x45x5)
4, C54 {IPE100)
>
Remove Item Add item

Autodesign | Calculation | Close I

Now Close this window. And click in the next window on Optimisation Routine:

Al e BB 9 &G EcEH A

o1 [Name o1
Type of loads Combinations
Combinations CO1-ULs ~

Autodesign type Steel - Cross-section Au...,
Items count 4
Autodesign item Item 1
= Autodesign item
Cross-section C51- HEAZ20
Parameter HEAZ20
Use cross-section list [
Rolled HEA220
Sort by Height
Starting C55 Actual

Mew Insert Edit Delete Autodesign all | Calculate

Now the user can choose for a maximum number of iteration steps:

o Determine automatically: the iteration process will stop if all the profiles are autodesigned
and no different result will be found in a certain iteration step. So no maximum of number of
iteration steps will be inputted.

o  Limit number of iteration: maximum of number of iteration steps.

90



Input 5 iteration steps as limit number and click on “Start”.

Now the iteration process will start. The iteration process will stop after no difference will be found or
after 5 iteration steps. In this example SCIA Engineer will stop after 4 iteration steps, because all
profiles remain the same after the fourth step.

After this process an information window about this iteration will be displayed.

ITERATION STEP 1:

1. Routine step: 1

1.1. 01
Cross-section Parameter Sort by | Original cross-section | Autodesign of cross-section | Autodesign check
]
CS1 - HEA160 HEA160 Heig ht CS1 - HEA220 CS1 - HEAZ200 0,85
CS2 - IPE200 IPE200 Heig ht CS2 - IPE140 CS2 - IPE200 0,94
CS3 - HFLeg90x90x9 |HFLeqg90x90x9 |Height CS3 - HFLeq45x45x5 |[CS3 - HFLegB60x60x6 0,95
CS4 - IPE140A IPE140A Height CS4 - IPE100 CS4 - IPE140AA 0,91

Changed profiles:

o CS1: HEA220 - > HEA200

o CS2:IPE140 -> IPE200

o CS3: HFLeg45x45x5 -> HFLeq60x60x6
o CS4:IPE100 -> IPE140AA

ITERATION STEP 2:

2. Routine step: 2

Cross-section Parameter Sort by | Original cross-section | Autodesign of cross-section | Autodesign check

-1
CS1 - HEA160 HEA160 Height Cs1 - HEA200 CS1 - HEA180A 0,93
CS2 - IPE200 IPE200 Heig ht CS2 - IPE200 CS2 - IPE200 0,91
CS3 - HFLeq90x90x9 |HFLeq90x90x9 |Height CS3 - HFLeqB0x80x6 |CS3 - HFLeq80x80x10 0,81
CS4 - IPE140A IPE140A Heig ht CS4 - IPE140AA CS4 - IPE140A 0,94

Changed profiles:

o CS1: HEA200 - > HEA180A

o CS2:IPE200 -> IPE200

o CS3: HFLeq60x60x6 -> HFLeq80x80x10
o CS4: IPE140AA -> IPE140A

TERATION STEP 3:

3. Routine step: 3

Cross-section Parameter Sort by | Original cross-section | Autodesign of cross-section | Autodesign check

El
CS1 - HEA160 HEA160 Height CS1 - HEA180A CS1 - HEA160 0,95
CS2 - IPE200 IPE200 Height CS2 - IPE200 CS2 - IPE200 0,93
CS3 - HFLeq90x90x9 |HFLeq90x90x9 |Height CS3 - HFLeq80x80x10 |CS3 - HFLeg90x90x9 0,87
CS4 - IPE140A IPE140A Height CS4 - IPE140A C34 - IPE140A 0,93

Changed profiles:

o CS1: HEA180Z - > HEA160
o CS3: HFLeg80x80x10 -> HFLeq90x90x9
o CS4: IPE140A -> IPE140A
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ITERATION STEP 4:

4. Routine step: 4

Cross-section Parameter Sort by | Original cross-section | Autodesign of cross-section | Autodesign check

]
CS1 - HEA160 HEA160 Heig ht CS1 - HEA160 CS1 - HEA160 0,92
CS2 - IPE200 IPE200 Height CS2 - IPE200 CS2 - IPE200 0,95
CS3 - HFLeq90x90x9 |HFLeq90x90x9 [Height CS3 - HFLeq90x90x9 |CS3 - HFLeq90x90x9 0,99
CS4 - IPE140A IPE140A Heig ht CS4 - IPE140A CS4 - IPE140A 0,93

No profile is adapted. So the iteration process is stopped.
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order calculation and imperfections

Overview

Global analysis aims at determining the distribution of the internal forces and moments and the
corresponding displacements in a structure subjected to a specified loading.

The first important distinction that can be made between the methods of analysis is the one that
separates elastic and plastic methods. Plastic analysis is subjected to some restrictions.

Another important distinction is between the methods, which make allowance for, and those, which
neglect the effects of the actual, displaced configuration of the structure. They are referred to
respectively as second-order theory and first-order theory based methods.

The second-order theory can be adopted in all cases, while first-order theory may be used only when
the displacement effects on the structural behavior are negligible.

The second-order effects are made up of a local or member second-order effects, referred to as the P-
d effect, and a global second-order effect, referred to as the P-A effect.

P
H
_'l_P'T
|
X
1y
| L
|
P vz
M(x) = Hx Mx)sHx+P5+Pa x/L
M(L) = HL M(h) =HL + P 5
First Order Theary mecond Order Theory

On the next page an overview of the global analysis following the EN 1993-1-1, chapter 5, will be
given:

o All the rules in this overview are given in the EN 1993-1-1 art. 5. For each step the rule will
be indicated. The first rule (o > 10) will be explained in EN 1993-1-1 art. 5.2.1(3).

o In this overview 3 paths are defined:
= Path 1: In this path a first order calculation will be executed

= Path 2: In this path a second order calculation will be executed with global (and
bow) imperfections.

= Path 3: In this path a second order calculation will be executed with the buckling
shape of the construction as imperfection.

o The calculation will become more precise when choosing for a higher path.

o The lower paths will result in a faster calculation, because a first order calculation can be
executed without iterations, but this first-order theory may be used only when the
displacement effects on the structural behavior are negligible.

o Inthe next paragraphs the rules in this overview will be explained.
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Structural Frame Stability

@

1% Order Analysis

5.2.2(3)c

I, based on a global
buckling mode

5.2.1(3)
o =10 -
es No 52.2(3)b 52.2(3)a| 5.3.2(11)
Global Imperfection ¢
5.3.2(6)
N Y
[ g |5220) ° Neg > 25% N, R Mer
Q (member)
g if goinall
required members
() 2a 2b 3
2" Order Analysis
O )
Increase sway
effects with: . No Members Yes
1 D with eg
1
1-—
acr
5.2.2(7)b
I, taken equal to L
Stability Check in plane
5.2.2(7)a
Stability Check out of plane + LTB Check

Section Check

With:  ng

L
Iy
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Alpha critical — Not in concept edition

The calculation of alpha critical is done by a stability calculation in SCIA Engineer. For this calculation a
Professional or an Expert edition is necessary. The stability calculation has been inputted in module
esas.13.

According to the EN 1993-1-1, 1% Order analysis may be used for a structure, if the increase of the
relevant internal forces or moments or any other change of structural behaviour caused by
deformations can be neglected. This condition may be assumed to be fulfilled, if the following criterion
is satisfied:

F, . :
. = —— = 10 for elastic analysis
FEa

With:  ag: the factor by which the design loading has to be increased
to cause elastic instability in a global mode.
Feq: the design loading on the structure.
Fer the elastic critical buckling load for global instability,
based on initial elastic stiffnesses.

If o has a value lower then 10, a 2™ Order calculation needs to be executed. Depending on the type
of analysis, both Global and Local imperfections need to be considered.

EN1993-1-1 prescribes that 2" Order effects and imperfections may be accounted for both by the
global analysis or partially by the global analysis and partially through individual stability checks of
members.

Global frame imperfection ¢

The global frame imperfection will be inputted for the whole structure by an imperfection value ¢. This
value can be calculated with the following formula (EN 1993-1-1 art. 5.3.2(3)a):

1
¢ = 200 Ap * Um

2 2
an = 7 but ESO(hSLO

1

am = 10,5 (1 + a)
With: h The height of the structure in meters

m The number of columns in a row including only those columns which carry a vertical

load Ngq not less than 50% of the average value of the vertical load per column in
the plane considered.

The global imperfection can be inputted in SCIA Engineer in the non linear combinations as explained
by the example below.
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Example: Industrial Hall.esa

In this example, two global imperfections functions will be used: one according to global X-direction
and one according to the global Y direction. It is not necessary to combine both imperfections in the

same combination.

In SCIA Engineer the user can choose between four options for the global imperfection in the non

linear combinations:

Aia g BRI = &A

NC1
NC2
NC3
NC4
NC5
NCE
NC7
NC3
NC9
NC10
MNCT1
NC12
MNC13
NC14
NC13
MNC16
NCT7
NC18
MNC19
NC20

MNarme

Description

Type

= Contents of combination

LCT - Self Weight [-]
LC2 - Self Weight Cladding [-]
LC3 - Maintenance [-]
LC4 - Snow [-]
3DWnd10 - 180, + CPE, - CPI[-]

Bow imperfection

El dx inclination functions
z
Y

= dy inclination functions
z
X

=l dz inclination functions
X
Y

Ultimate

1,35
1,35
1,50
0,75
0,90

MNone

Global imperfection Inclination functions

Mone

Simple inclination
Inclination functions
Deform. from loadcase

MNone

MNone

MNone

MNone

Mew from linear combinations " New ” Insert " Edit ” Delete |

None: No global imperfection will be taken into account

Simple inclination: the user will input a deformation in the global X- or/and Y-direction as
the imperfection in mm per meter height in the global Z-direction [mm/m].

Inclination functions: input a user inclination function or the inclination function of the EN

1993-1-1 (this option is explained below).

Deformation from loadcase: with this option the user can choose for a calculated loadcase
and the deformation of that loadcase will be used as initial global imperfection.

In this example the option “inclination functions” has been chosen.

These inclination functions are entered through “Main -> Library -> Structure, Analysis -> Initial

deformations”:

96



Libraries | Tools Maodify Tree Plugins Setup Window  Help

B Materiais L MeSALmMBEN &
Cross-sections s r_lg'l £z | oo oo | A% 5 EBE E"E g
. Setup
. Catalogue blocks
. Mamed item
Structure, Analysis M| IR Cross-section list
Steel r section matrix
E Concrete, reinforcement . Fabricated Css, Product range, Joists
ﬁ Subsoil, foundation
Loads 4 Initial deformations
Fire heat k Buckling
Drawing tools L4

J  Attributes definition

The Type is chosen as “EN 1993-1-1 art. 5.3.2(3)”, with a standard imperfection of 1/200.
The height of the construction is 8.4m for both inclination functions.

There are 6 columns in the X-direction, but in the middle only 2 columns are inputted. Because a long
part of structure only has 2 columns in the X-direction, in this example the number of columns in this
direction has been inputted as “2”.

There are 11 columns in the Y-direction. But the columns at the end are smaller than the middle ones.
So in this example it is decided to input “9” columns in the Y-direction.

The inclination function for the x-direction (Def_X) in SCIA Engineer is displayed below:

Aineml | | & SH A

Def X
Type EN 1993-1-1art. 5.3.2(3) ~
Basic imperfection value: 1/ [-] 200,00

Height of structure : [m] 8,400

Mumber of columns per plane: 2

©: 0,00298800
oy [-] 0,69
Ut [-] 0,87

| New ” Insert || Edit " Delete |

In this example 5 non linear combinations are inputted:
o 1,35 x Self Weight + 1,35 x Self Weight Cladding + 1,5 x Maintenance
+ 0,75 x Snow + 0,9 x 3DWind10
o 1,35 x Self Weight + 1,35 x Self Weight Cladding + 0,75 x Snow + 1,5 x 3DWind13
o 1,35 x Self Weight + 1,35 x Self Weight Cladding + 0,75 x Snow + 1,5 x 3DWind14
o 1,35 x Self Weight + 1,35 x Self Weight Cladding + 0,75 x Snow + 1,5 x 3DWind15
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o 1,35 x Self Weight + 1,35 x Self Weight Cladding + 0,75 x Snow + 1,5 x 3DWind16

All combinations are entered four times:
o NC1-NC5: inclination in the positive X- direction
o NC6-NC10: inclination in the negative X- direction
o NC11-NC15: inclination in the positive Y- direction
o NC16-NC20: inclination in the negative Y- direction

i g BB S A

NC2 Description
NC3 .
NC4 Type Ultimate
NC5 = Contents of combination

NCE LCT - Self Weight [-] 1,35

mgg LC2 - Self Weight Cladding [-] 1,35

NCS LC3 - Maintenance [-] 1,50
NC10 LC4 - Snow [-] 0,75
3DWnd10 - 180, + CPE, - CPI[-] 0,90

NC11
NC12
NC13
NC14 Global imperfection Inclination functions
NC13
NC16
NC17 Z Def_X
NC18 Factor None
NC1%
NC20

- dx inclination functions

Sense +

Y Mone
- dy inclination functions

z Mone

X MNene
- dz inclination functions

X Mone

Y Mone

New from linear combinations New Insert Edit Delete

Bow imperfection

NEd > 25% Ncr

The relative initial local bow imperfections of members for flexural buckling is given as the value:
eolL.

This bow imperfection does not have to be applied on each member as given in EN 1993-1-1 art.
5.3.2(6):

The bow imperfection has to be applied when the normal force Ngq in @ member is higher than 25%
of the member’s critical load N

When performing the global analysis for determining end forces and end moments to be used in
member checks according to 6.3 local imperfections may be neglected. However for frames sensitive
to second order effects local bow imperfections of members additionally to global sway imperfections
should be introduced in the structural analysis of the frame of each compressed member where the
following conditions are met:

. At least one moment resistant joint at one member end
° 1>0,5 Ay
Ngg
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And 1= A%
Ner
Thus: /ﬂ > 0,5 fﬂ
Ner NEd
1S 0,25 1
Ner NEq

Nga > 0,25 N,,

Bow imperfection eq

The initial bow imperfection is given by:

AN Buckling curve | elastic analysis | plastic analysis
acc. to Table 6.1 e/ L e /L
ay 1/350 1/300
a 1/300 1/250
b 1/250 1/200
C 1/200 1/150
d 1/150 1/100

Where L is the member length.

As explained in the previous chapter, the bow imperfection has to be

applied when the normal force Ngq4 in @ member is higher than 25% of
the member’s critical buckling load N,. If Ngg < 25% N, the user can

choose to apply this bow imperfection or not.

The buckling curve used for calculation of the imperfection is the curve inputted in the cross-section
library. For standard sections, the curve according to the code is automatically used, for non-
standard cross sections (as general cross sections) the user needs to input the buckling curve
manually.

Example: Industrial hall.esa

In SCIA Engineer the user can choose between three options for the bow imperfection in the non
linear combinations:
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Aia g BB =& A

Mame

Description

Type
= Contents of combination
LC1 - Self Weight [-]
LC2 - Self Weight Cladding [-]
LC3 - Maintenance [-]
LC4 -
DWnd10 - 181
Bow imperfection
Global imperfection

| dx inclination functions

MC1
Ultirnate
1,35

1,35
1,50

According to buckling data

Factor
Sense
Y
= dy inclination functions
z
X
= dz inclination functions
X
Y

Mone
Simple curvature

Mone

Mone

Mone

Mone

Mone

New from linear combinations New Insert Edit Delete

o None: No bow imperfection will be taken into account

o Simple curvature: the user will input a deformation “f” or “1/f” for all the members, where

“1/f” corresponds with the value “e0/L” as explained earlier.

o According to buckling data: with this option the user can choose for a local imperfection as
defined in the buckling data, so for each member following his own buckling curve (this
option is explained below).

In this example the option “According to buckling data” has been chosen.

The buckling data can be inputted via “Steel -> Beams -> Member Check data -> Member buckling

data”

Ly Dz

<
N

Lytb

MName
Edit buckling

Member(s) material

Buckling ky, kz coefficients or buckling lengths

All other and LTE coefficients
= Buckling systems relation
It
Secondary member
= coefficient
Point of load application
Mer
= Bow imperfection

eodz
= Buckling System
Buckling system
X diagonals
= Other
Warping check

BB173

Steel, other

from standard analysis hd
user input -
1z -
=

In shear center -
Calculated -

EMN 1993-1-1 Table 3.1 — elastic

EN 1993-1-1 Table 5.1 — elastic
EMN 1993-1-1 Table 5.1 - plastic

EM 1993-1-1 Table 5.1 - elastic — if required
EM 1993-1-1 Table 5.1 - plastic — if required
manual input of bow imperfection

no bow imperfection
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The user can choose between 6 options:

o EN1993-1-1 Table 5.1 - elastic: the elastic value following the buckling curve of the cross
section will be used.

o EN 1993-1-1 Table 5.1 — plastic: the plastic value following the buckling curve of the cross
section will be used.

o EN1993-1-1 Table 5.1 — elastic — if required: the elastic value following the buckling curve
of the cross section will be used if Ned > 25% Ncr.

o EN1993-1-1 Table 5.1 — plastic — if required: the plastic value following the buckling curve
of the cross section will be used if Ned > 25% Ncr

o Manual input of bow imperfection: the user can input manually a value for this bow
imperfection.

o No bow imperfection: no bow imperfection is taken into account for the member.

In this example on all beams the bow imperfection “According to code — elastic” has been inputted.
Except for the diagonals no bow imperfection has been inputted in this example.

Buckling shape as imperfection - n., — Not in concept edition

The calculation of alpha critical is done by a stability calculation in SCIA Engineer. For this calculation a
Professional or an Expert edition is necessary. The stability calculation has been inputted in module
esas.13.

As an alternative the global and bow imperfection can be replaced by the buckling shape as
imperfection (path 3 from the global diagram).

To input geometrical imperfections, the functionality Nonlinearity > Initial deformations and
curvature and Stability must be activated.

Basic data | Functionality  Actions Protection

& SCIA Dynamics = Nonlineanty
Initial stress Initial deformations and cur\.rat...| W

Subsail 2nd order - geometrical nonlin... v/

» Beam local nenlinearity i

Support nenlinearity,/Soil spring

matic load Friction support/Seil spring
Prestressing Membrane elements
Pipelines Press only 2D members
Structural model General plasticity
BIM properties Sequential analysis
Parameters Steel
Meobile loads Plastic hinges

Automated GA drawings Fire resistance

LTA - load cases Connection modeller
External application checks Frame rigid connections
Property modifiers Frame pinned connections

Bridge design Grid pinned connections
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So first the stability calculation (linear or non linear) is calculated. Afterwards in the non linear
combinations, the user can choose the buckling shape he wants to take into account. So first he can
choose for the stability combination and just below for the calculated mode. If for example the first and
second mode give a negative value for the alpha critical, it could be possible that the user wants to use
the 3" calculated buckling mode:

iz BB =& A

MNC1 Mame
MNC2

NC3 .
NCA Type Ultimate

Description

MNC5 E Contents of combination
NC6 LC1 - Self Weight [-] 1,35

N7
NCB LC2 - Self Weight Cladding [-] 1,35

MNC9 LC3 - Maintenance [-]
MC10 LC4 - Snow [-]

NET 30Wnd10 - 180, + CPE, - CPI[-]
NCT2 o =

NC13 =
NC14 Global imperfection Buckling shape
NC13 51

MNC18

NC17 Eigen shape 1

MC18 Max deformation [mim]

NC19

NCZ20

| Mew from linear combinations || Mew ” Insert || Edit || Delete |

The last option that has to be inputted is a value for the maximum deformation. This is the deformation
of the node which has the biggest deformation of the construction. SCIA Engineer will recalculate all
the displacement of the other nodes using this maximal deformation.

Since the buckling shape is dimensionless, EN 1993-1-1 gives the formula to calculate the amplitude
ninit OF the imperfection. In below an example of this calculation is given for a simple example.

Example: Buckling Shape.esa
In this example, the procedure to calculate a buckling shape is illustrated for a column.

The column has a cross-section of type IPE 300, is fabricated from S235 and has the following relevant

properties:
v E = 210.000 N/mm?
h f, = 235 N/mm?
ym = 1.00
L = 5000 mm
A =5380 mm?

l, = 83560000mm"*
W,y = 628400 mm?®

Calculation of the buckling shape

First a Stability calculation is done using a load of 1kN. This way, the elastic critical buckling load N,
is obtained.

In order to obtain precise results, the Number of 1D elements is set to 10. This can be done in “Setup
-> Mesh”. In addition, the Shear Force Deformation is neglected so the result can be checked by a
manual calculation.
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The stability calculation gives the following result:

Critical load coefficients

N f

- [l

Stability combination : 51
1 6927,50

2 27714,23

3 62404,64

4 111170,55

This can be verified with Euler’s formula using the member length as the buckling length:

Ng =

m2El _ 7% - 210000N /mm? - 8,3560 - 107 mm*

The following picture shows the mesh nodes of the column and the corresponding buckling shape:

l2

(5000mm)?

= 6927,51 kN

Displacement of nodes

Stability calculation, Extreme : No

Selection : All

Stability combinations : 51/1 - 6927,50

Buckling shapes are dmensionless, units are printed for consistency purposes.

Node of mesh Case Ux Uz Fiy
[mm] | [mm] | [mrad]

1 51/1 - 6927,50 0,0 0,0 628,3
11 51/1 - 6927,50 309,0 0,0 597,6
3 51/1 - 6927,50 587,8 0,0 508,3
4 51/1 - 6927,50 809,0 0,0 369,3
5 51/1 - 6927,50 951,1 0,0 194,2
6 S1/1 - 6927,50 1000,0 0,0 0,0
7 51/1 - 6927,50 951,1 0,0 -1942
8 51/1 - 6927,50 809,0 0,0| -369,3
9 51/1 - 6927,50 587,8 0,0| -508,3
10 51/1 - 6927,50 309,0 00| -597,6
2 51/1 - 6927,50 0,0 00| -6283

Using for example an Excel worksheet, the buckling shape can be approximated by a 4™ grade
polynomial.

1200

1000

800

600

400

200

/= 5,72E-12x* - 5,72E-08x3 + 1,89E-05x2 + 6,21E-01x \

0

-

1000

N

2000 3000 4000 5000
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A polynomial has the advantage that the second derivative can easily be calculated.

D e =572-10712 . x* = 5721078 - x>+ 1,89- 1075 - x% + 6,21 - 1071 - x
S Tormaxr = 68610711 - x2 —3,43-1077 - x + 3,78 - 107°

Calculation of ey

Ni = f, - A = 235

N
mm

5380 mm? = 1264300 N

2

Mgk = fy - Wy = 235 —— - 628400 mm® = 147674000 Nmm (class2)

X = \/Ngi/N,, = /1264300N /6885280N = 0,43

a = 0,21 for buckling curve a

¥ = L = 0,945

0,5[1+o¢(71—0,2)+(7L)2]2+\/(0.5[1+oz(7l—0.2)+(71)2])2—(71)2

These intermediate results can be verified through SCIA ENGINEER when performing a Steel Code
Check on the column:

Buckling parameters Yy ZZ

Sway type swiay non-sway

System length L 5,000 5,000 m

Buckling factor k 1,00 1,00

Buckling length Ler 5,000 5,000 m

Critical Euler load Ncr 6927,51 |500,58 kN

Slenderness Lambda 40,12 149,25

Relative slenderness Lambda,rel |0,43 1,59

Limit slenderness Lambda,rel,0 0,20 0,20

i "
= =a-(1—02)-2Rk._¥YM1__ ~.(1—-072) =8k
eo=a(1-02) Vet 121 a-(1-02) N

= ey = 0.21(0.43 — 0.2) - 2NN _ 5 573 mm

1264300 N

The required parameters have now been calculated so in the final step the amplitude of the
imperfection can be determined.

Calculation of 7t
The mid section of the column is decisive = x = 2500

n¢ at mid section = 1000,31

Nermax @t Mid section = -3,912 - 107* - 1/mm?

N,
I:> .. = e . + .
Ninit 0 E'Iy'rlcr,max Ner
6885280 N
= Ninit = 5,642 mm - 1000

210000N /mm?-83560000 mm*-3,912 -10~*-1/mm?

= Ninit = 5, 629 mm
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This value can now be inputted as amplitude of the buckling shape for imperfection.

Description
Type
= Contents of combination

L1 [-]

Bow imperfection

Global imperfection

Stability

Eigen shape

Max deformation [mm]

Ultimate

1,00

Mone

Buckling shape
51

1

56

New from linear combinations | New | Inset | Edt | Delete |
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1% or 2" order analysis — Overview paths acc. to EN1993: overview

[ Structural Frame Stability ]

521(3)

@

- = 10 ™,
SN A

No

A

52.2(3)b

52.2(3a

53.2(11)

Global Imperfection ¢

5.3.2(6)

Olee

@

) N/
-3 | 5.2.2(5) °\ Nes > 25% N

Yes

e
/

(member)

e if ep in all
required members
2a b | 3 I
2*¢ Order Analysis
P No / Members
h with e
52.(Th

l;, taken equal to L

1* Order Analysis
¢ ™,
Increase sway
effects with:
1
1

1——

{ISJ'
5.2.2(3)c —I—
L based on a global
buckling mode

Stability Check in plane

522(Ta

Stability Check out of plane + LTB Check

Section Check
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Examples:

Example Overview Paths.esa
Example Overview Paths_path la.esa
Example Overview Paths_path 1b.esa
Example Overview Paths_path 2a.esa
Example Overview Paths_path 2b.esa
Example Overview Paths_path 2c.esa
Example Overview Paths_path 3.esa

Example Overview

1 load case, containing 3 point loads of 600 kN.

—500,00
—600.00

—
[
| L—
-

—BO0,00

4 il \\/
It s i
.B‘—omq
N
,j L:> X pEey S

107



Steel Code Check

Path 1a 1% order analysis

1) Functionalities

Basic data Functionality Actions Protection

# SCIA Dynamics | C =l Nonlinearity e

Initial stress Initial deformations and curvat... [

I Monlinearity W
tability

Climatic loads

Friction support/Soil spring

Prestressing General plasticity

Pipelines Sequential analysis

Ll e | s = Ca-v

2) Linear calculation

Setup of buckling properties

- buckling factor k: calculated by default by SCIA Engineer (only valid for simple structures!)
- sway/non-sway property: proposition of SCIA Engineer to be checked by user

- system length of member: proposition of SCIA Engineer to be checked by user
Alternative: input of buckling factor k or buckling length | by user

Unity check for ULS
-> Flexural buckling check is decisive

.95 -‘ _l:::> X 0.6 \

3) Nonlinear calculation

Same setup of buckling properties as for linear calculation.

The only difference is the ‘tension only’ property that has been added to the wind bracings. This means
we are still dealing with a 1% order calculation, but a nonlinear calculation has to be executed to take
the local nonlinearity ‘tension only’ into account.

Attention: It is necessary to execute a BATCH calculation (linear & nonlinear), because the buckling
properties are calculated only during the linear calculation!

108



Single analysigy Batch analysis

¥ Linear calculation
¥ Nonlinear calculation

[T Modal analysis

[ stability

[T Concrete - Code Dependent Deflections [CDD)

[ Construction stage analysis

| Engineering report regeneration

Salver setup Mesh setup

QK Cancel

Unity check for ULS
- Flexural buckling check is decisive

(P88 ] ::> X
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Path 1b 1% order analysis

1) Functionalities

Basic data | Functionality| Actions Protection

#SCIA | Dynamics E

Initial stress

Initial deformations and curvat... |V

nd order - geometrical nonlin...
Beamn local nonlineari W

Support nonlinearity/Soil spring [~

imatic loads Friction support/Soil spring

Prestressing

General plasticity

Pipelines Sequential analysis

Lo S —— . [ [l ra—

2) Stability calculation

The stability calculation will be performed to determine the critical alpha coefficient. As mentioned in
the chapter “Buckling shape as imperfection”, the Average number of tiles of 1d element is set to 10.

Mame MeshSetupl
= General mesh settings
Minimal distance between two points [m] 0,001
10
Average size of 2d element/curved element [m] 1,000
Definition of mesh element size for panels Automatic -
Average size of panel element [m] 1,000

Elastic mesh [

The critical alpha value has to be higher than 3 to be able to use path b of the structural frame stability
scheme. In this example, the critical load coefficient is equal to 7,03 (which is in between 3 and 10).

Critical load coefficients

N f

- [l

Stability combination : 51
1 7,03

2 22,78

3 27,07

4 35,01

3) Global imperfection

The next step is to insert the global imperfection. This will be done using “Libraries > Structure,
Analysis > Initial deformations”.
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m‘ Tools Modify Tree Plugins Instellingen WVenster Help
B waterals BTTMBEE SE L
E Cross-sections y | Gy g | .:*i‘:'- .:_-15- E'ﬁ lE—'E ﬁ; ii?i i
L EE setup
- . Catalogue blocks

. Mamed item

| Structure, Analysis L4 Cross-section list

Steel » Section matrix
ﬁ Concrete, reinforcement . Fabricated Css, Product range
ﬁ Subsoil, foundation i

Loads u Initial deformations

ﬁ Fire heat uckling
: Drawing tools 4

B! Attributes definition
T

Since this example is made in a 2D-environment, one initial deformation for the x-direction is sufficient.
If the project was made in a 3D-environment, it would be needed to create two initial deformations (one
in x-direction and one in y-direction).

Name | IDef X
Type EM 1993-1-1art. 5.3.2 ~
Basic imperfection valu.., 200,00
Height of structure: [m] 6,000

Mumber of columns per... 3
O 0,00333300

oy -] 0,82
Ot [-] 0,82

| New | insen | Edt | Delete |

This global imperfection can now be inserted into the nonlinear combination. Once in the positive x-
direction and once in the negative x-direction.
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Aia g B 9 =& A - ¥

MC1 Description
MNC2

Type Ultimate

= Contents of combination
BG1 [-] 1,00
Bow imperfection Mone
Global imperfection Inclination functions
= dx inclination functions
Facter Mone

Sense +

[ Mew from linear combinations H MNew H Insert ]I Edit H Delete ]

4) Linear combination

The inserted imperfections have to be used during the linear calculation. This can be done by referring
to the correct nonlinear combination in the linear combination window.

K 4 | ¥ 02 | & | Input combinations

;M Mame
coz2

Description

= Contents of combination
BG1[-]

| New | hsen | Edt | Delte |

The Amplified Sway Moment method may only be used, if the actual normal force Ngq is smaller than
25% of the critical Euler force N,. Both values are printed in the detailed output of the steel code
check. For column S1:

The critical check is on position 0.000 m
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Buckling parameters Yy

Swiay type non-sway
System length L 3,000

Buckling factor k 0,60

enderness Lambda .
Relative slenderness Lambda,rel 0,23
Limit slenderness Lambda,rel,0 0,20
Buckling curve b
Imperfection Alpha 0,34
Reduction factor Chi 0,99
Buckling resistance Nb,Rd 1250,09

Next the Amplified Sway Moment Method can be activated in the linear combinations and the critical
alpha value has to be inserted:

3" &£ | &3 4| & | Input combinations

o MName o,
co2

Description

Type Linear - ultimate

Amplified Sway Mement method W yes

El Contents of combination

BG1[-] 117
= Amplified Sway Moment method

o [-]

Amplification factor [-]

BG1

| MNew " Ingert " Edit ” Delete |

5) Linear calculation

The buckling lengths are taken equal to the system lengths. This can be done by inserting buckling
ratios equal to 1 manually:
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Base settings | Buckiing data |

AT Mame |BC1 Number of parts IZ
\ Buckling systems relation
Z= I_ vl ley factor IFador
vi= |z - kz factor I Factor
It = way ¥y |acc.to Steel>Beams:Setup A
Dz Dy = -
f_y L > Sway zz Iacc.to Steel>Beams>Setup ;I
Lyz
Point of load application | In shear center b
Ljtb ! =]
.\ U Mer ICaIcuIated LI
. \\» Bow imperfection
2o dy Ino bow imperfection LI
eodz Ino bow imperfection ;I
Relative deformation systems relation
’7 defz= |y - defy= |z -
[~ Warping check
[ ¥ diagonals Buckling system Standard method LI

Ease settings  Buckling data I

In the next step, the calculation can be performed. Since the global imperfections are inserted in the
non-linear combination, the linear as well as the nonlinear calculation need to be performed using the

Batch analysis.

Yy Sway yy |zody [mm] z=Z Swayz |=o dz[mm]| kyz | klt k
1 |V Fixed I 1,00 o - W | Fixed cc.to B ~ 1,00 1,00 1,00 1,00
T /| Fixed es hs [ Free
3 | Fived 7 Fived

single analysigl Batch analysis

¥ Linear calculation
¥ Nonlinear calculation
[T Modal analysis

[ stability

[T Concrete - Code Dependent Deflections [CDD)

[T cConstruction stage analysis

| Engineering report regeneration

Salver setup Mesh setup

OK Cancel
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Unity check for ULS
- Flexural buckling check is decisive

o
frd

1,16 _>X 0.59 &
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Path 2a 2" order analysis — Global imperfection (initial inclination)

1) Functionalities

Basic data |Fur1ctinna|it].r'|_ Actions  Protection

ST [orms r A
Enginess Initial stress Lal Initial deformations and curvat...

2nd order - geometrical nonlin...

Bearn local nonlinearity

upport nonlinearrty,/So1l spring

Climatic loads

_ Prestressing

Friction support/Soil spring

Sequential analysis

2) Global imperfection

See previous chapter.

3) Steel setup

The whole structure can be considered as non-sway, which means that | < L (or conservatively | = L).
SCIA Engineer will execute the flexural buckling check with k = 1.

(=~ Standaard EN MName Standaard EM ~

- Steel
i Member check

= Steel

Fire resistance = Member check EN 1993-1-1
Cold Formed Shear EN 1993-1-1: 6.2.6
Plated structural elements T EN 1862-1-1: 6.2.7
Limit slenderness
- Buckling defaults = Default sway types EMN 1983-1-1: 6.3.1
i Relative deformation ¥y | yes
-z lne
= Buckling length ratios ky, kz EN 1993-1-1: 6.3.1
Maux. k ratio [-] 10,00

Unity check for ULS
- Combined compression and bending check is decisive
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Path 2c 2" order analysis — Global imperfection (initial inclination) + local
imperfection (curvature)

1) Functionalities

Basic data |Functiona|it1f'|_ Actions  Protection

Scig || | Dynamics E 2
Engineer Initial stress |t Initial deformations and curvat... [¥
=

2nd order - geometrical nonlin...

Beam local nonlinearity

Maonlinearity

upport nonlinearrty,/ 5ol spring

Climatic loads

I Prestreszing F Sequential analysis F

Friction support/Soil spring

2) Global imperfection

See previous chapters.

3) Bow imperfection

The bow imperfection e0 is inserted in the Buckling parameters:

Base settings | Buckling data I

Name |BC1 Number of parts IZ

Buckling systems relation
m= kyfactor  |Calculate

= |z kz factor ICaIcuIate

Sway yy Iacc .to Steel>Beams>5Setup

k= |z

Sway 2z Iacc.to Steel:Beams:Setup

Point of load application IIn shear center

Bow imperfection
eo dy IEN 1593-1-1 Table 5.1 - elastic

eo dz IEN 1953-1-1 Table 5.1 - elastic

Relative deformation systems relatiol
( e [y ]

[~ Waming check

[ X diagonals Buckling system Standard method

And in the nonlinear combination, a reference is made to this inserted buckling data:

118



i LBE & A - ¥
NL BG1 [Mame NL BG

ML BG2 Description

Type Ultimate

= Contents of combination

= dx inclination functions
Z
Factor

Sence

| Newfrom ncar combintions | New | Inset | Edi | Delete |

4) Steel setup

According to the Eurocode, it is not necessary anymore to execute the flexural buckling check.
SCIA Engineer will execute the flexural buckling check with k = 0,001, so that it will not be decisive.

=- S!:eel 2 Steal
- Member check
Fire resistance = Member check EN 1993-1-1
Cold Formed Shear EN 1993-1-1
Plated structural elements T EM 1992-1-1

Limit slenderness
Buckling defaults Default sway types EM 1993-1-1
Buckling length ratios ky, kz EMN 1993-1-1

Relative deformation
Lateral Torsional Buckling EN 1993-1-1

0BHBHBHBHB

General settings

Elastic verification "lno

| no

Flexural buckling accounted for by 2™ order calculation ¥ YES

Moments on columns in simple construction

Unity check for ULS
- Combined compression and bending check is decisive
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O.57
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Path 3 2"% order analysis — Buckling form replacing both global + local
imperfection

1) Functionalities

Basic data Functionality | Actions Protection

Smi"'” "I' Dynamics E -
Engﬁeg Initial stress s Initial deformations and curvat...
2nd order - geometrical nenlin...
Neonlinearity Beam local nonlinearity
Stabili Support nonlinearity/Seil spring
Climatic loads s Friction support/Soil spring P
Prestressing | Sequential analysis E

2) Stability calculation
See previous chapters.

The first buckling mode looks like this:

j X . o

Calculation of ni,; = To be filled in as ‘max. deformation’ (see ‘Nonlinear combinations’ window)
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i sBBE 0 28 A - ¥
NLBG] [Name NL BG1

NL BG2 Description

Type Ultimate

I Contents of combination

Global imperfection
Stability
Eigen shape

Max deformation [mm]

| New from lnear combinations | New | inset | Edi | Delete |

3) Steel setup

According to the Eurocode, it is not necessary anymore to execute the flexural buckling check.
SCIA Engineer will execute the flexural buckling check with k = 0,001, so that it will not be decisive.

= Steel S Steel
Member check
= Member check EN 1993-1-1

Shear EN 1993-1-1: 6.2.6
Plated structural elements T EN 1993-1-1: 6.2.7
Limit slenderness
Buckling defaults Default sway types EN 1993-1-1: 6.3.1
Buckling length ratios ky, kz EN 1993-1-1: 6.3.1
Lateral Torsional Buckling EM 1993-1-1:6.3.2

General settings

Fire resistance
Cold Formed

H B B

[+

Relative deformation

o =

Elastic verification | no

| no

Flexural buckling accounted forby 2 order calculation |V yes

Moments on columns in simple construction
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Unity check for ULS

- Combined compression and bending check is decisive

065

ST
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SLS Check

Nodal displacement

The nodal displacement defines the maximum global deflections in the vertical and horizontal
directions.
The following values are controlled in the example below:

o Limit for horizontal deflections & is h/150

o Limit for vertical deflection 8. is L/200

Example: Industrial Hall.esa
Look at “Results -> Displacement of nodes” and look at the combination CO2 — SLS.
Horizontal deformation

The maximum displacement in the X direction is 25.3mm on a height of 6.9m.
And in the Y-direction 27.4mm on a height of 8.1m.

Limit for Limit for horizontal deflection & is h/150
= 6900/150 = 46 mm — 25.3mm < 46 mm — OK
= 8100/150 = 54 mm — 27.4mm < 54mm — OK

Vertical deformation
The maximum displacement in the Z direction is 57.8 mm

Limit for Limit for vertical deflection & is L/200

= 30000/200 = 150 mm —57.8 mm <150 mm — OK

Displacement of nodes

Linear calculation, Extreme : Global
Selection : All
Combinations : CO2

Node | Case Ux Uy Uz Fix Fiy Fiz
[mm] | [mm] | [mm] | [mrad] | [mrad] | [mrad]

Ni13 |co2/t | -25,3 0,5 0,2 1,3 0,4 0,0
Nil4 |CO2/2 25,3 0,5 0,2 1,3 0,4 0,0
N70  |CO2/3 0,0 27,4 0,0 1,5 0,0 1,2
NGO  |CO2/4 00| 27,4 0,0 1,5 0,0 172
N109 | COZ/5 12,7 01| -57,8 -0,1 -0,2 0,0
N82  |Co2/6 9,8 86| 13,8 24,8 0,2 1,7
NSO  [CO2/6 9,5 9,6 00| -27,6 0,0 1,2
Ni79 |CO2/7 9,5 9,6 0,0 27,6 0,0 1,2
Nil6 |CO2/8 9,2 01| -21,3 0,4 5,8 0,0
Ni12  [co2/5 9,2 01| 21,3 0,4 5,8 0,0
N95 | CO2/7 9,6 -9,0 0,0 -26,0 0,0 -4,0
N87  |CO2/6 9,6 9,0 0,0 -26,0 0,0 4,0

Relative deformation

For each beam type, limiting values for the relative deflections are set, using the menu “Steel -> Beams
-> Setup -> Relative deformations”:
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[=]- Standard EM

B Steel
- Member check
Fire resistance
Buckling defaults
Limit slenderness
Cold Formed

Plated structural elements

Mame
= Steel
Member check

H H

Fire resistance
Cold Formed
Plated structural elements

H H B

Limit slendemess
Buckling defaults

=

Standard EM

EM 1993-1-1
EN 1993-1-2
EN 1993-1-3
EM 1993-1-5
EM 50341-1

m

[Relative deformation

General [-]

Beam [-]
Column [-]
Gable column [-]
Secondary column [-]
Rafter [-]

Purlin [-]

Reof bracing [-]
Wall bracing [-]
Girt [-]

Truss chord [-]
Truss diagonal [-]
Plate rib [-]

With the option “Steel -> Beams -> SLS Checks - Relative deformation”, the relative deformations can
be checked. The relative deformations are given as absolute value, relative value related to the span,
or as unity check related to the limit for the relative value to the span.

The span is defined in the menu “Buckling and relative lengths”.

Two options for this span are possible and explained below:

2 nodes supported

When two nodes are supported in this menu as shown below, the deformation is taken as the
maximum deflection of the beam in comparison with a line connecting the two end nodes:

A BB o | &S M| Nomberofpars - 1 -
BC1 MName BC2
Number of parts |
Member(s) material Steel, other
2 } ‘
1 } ‘
New | Insen | Edt | Delete
—— —

In below an example on this principle:

Fix
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Calculation for this relative deformation:

Deformation in the beginning of the beam = 5,967mm and at the end = 11,863mm.

Maximum deformation is at 0,979m from the beginning at the beam.
So this point has already displaced 9,5mm (see blue line at the picture):

0,979m
1,632m

UZppe line,0,079m = 9,967mm + * (11,863mm — 5,967mm) = 9,504mm

And Uy, rejative = 10,2mm — 9,5mm = 0,7mm

And suppose the length of this beam = 1632mm:

o reluz =222 = 1/2236
1632mm

1 node supported and the other free

This is the case if one end node is free:

A LB & & & Nmberfpats-1

Name BC1
MNumber of parts 1

Memberis) material Steel, other

Free {+++++++++++++++

Fix

New Insert Edn_ Delete

In below an example on this principle:
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No the maximal relative deformation is taken as the deformation minus the deformation of the fixed
node.

And Uy, reative = 12,057mm — 0,355mm = 11,7mm

And suppose the length of this beam = 1632mm:

11,7mm
1632mm

2 reluz = =1/139

Now this principle is shown at the example of the industrial hall.

Example: Industrial hall

Consider beam B10.

Relative deformation

Linear calculation, Extreme : Global, System : Principal
Selection : B10
Combinations : CO2

Member dx Case - combination uy Rel uy uz Rel uz | Check uy | Check uz
[m] [mm] [ [1/5x] | [mm] | [1/xx] [-] [-]

B10 15,075 | CO2/4 0,2 | 1/3103| -28,0 1/539 0,06 0,37

B10 15,075 | C02/9 0,2 1/3170 9,5| 1/1589 0,06 0,13

B10 14,325 |CO2/8 0,0 0| 57,8| 1/261 0,00 0,77

B10 12,029 | CO2/6 0,0| 1/i0000| 13,2 | 1/1142 0,00 0,18

Around the y-y axis (in the z-direction), only the first node has been supported:

vy zz

Length = 15,075 m

5 4 Deformation uz = 57.8 mm (and 0 mm at the beginning of the beam)
© 1 UZ/elative = 57.8 mm — 0.0 mm = 57.8 mm
¢ od
y UZeiative / LeNgth = 57.8 mm / 15075 mm = 1/261
4 Check = 225X = 0,77
1/200
tped
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Fire resistance Check - Not in concept edition

For the fire resistance calculation a Professional or an Expert edition is nhecessary. The fire resistance
check has been inputted in module esasd.05.xx (esasd.05.01 for the EC-EN).

General

The fire resistance check in SCIA Engineer has been inputted following the EN 1993-1-2 — simple
calculation model.

For a selected temperature curve, the temperature in the material after a required period is calculated.
And with this material temperature, the material characteristics are adapted.

The required levels of fire safety depend on factors such as:

type of occupancy
height and size of the building
effectiveness of fire brigade action

active measures such as vents and sprinklers

Temperature time curves

The user can choose between 4 nominal temperature-time curves in SCIA Engineer:

1400

1200

1000

Temperature [°C]
[=}] co
o o
o (=]

I
o
o

)
o
=

IS0 834

= === External fire

Hydrocarbon

------ smoldering fire

30 60 90 120 150 180 210 240 270 300 330 360

Time (min)

Standard temperature-time curve: 0, = 20 + 345 log,,(8t + 1) [°C]
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o, = 25 W/m?K

External fire curve: 0, = 660 (1 — 0,687 e~ %*?t — 0,313 e738%) + 20 [°C]
a, = 25 W/m?K

Hydrocarbon curve :  ©, = 1080 (1 — 0,325 7267t — 0,675 >*") + 20 [°C]
a, = 50 W/m?K

Smoldering fire: @, = 154Vt + 20 [°C]
During 20 minutes followed by the standard 1SO 834 curve



This can be set in “Steel -> Beams -> Steel setup”:

(B} standard EN
El- Steel
i Member check

- Relative deformation

- Fire resistance

-~ Buckling defaults

- Limit slenderness

- Cold Formed

- Plated structural elements

MName
= Steel
Member check
= Fire resistance
= Requirement
Required fire resistance R [min]
= Met heat flux

Ernissivity related to the fire compartment g; [-]

Emnissivity related to the surface material g, [-]

Configuration factor o for radiative heat flux [-]
= Temperature-time curve

Temperature-time curve

Coefficient of heat transfer by convection o [-]
= Structural fire design
Analysis type
Use adaptation factor for shadow effect kg,
Cold Formed

This is the temperature of the air during the time.

Steel temperature

Standard EN

EN 1993-1-1

EN 1993-1-2

EN 1993-1-2: 2.5
30,00

EN 1993-1-2: 3.1
1,00

0,70

1,00

EN 1993-1-2: 3.2

150 834 curve -

150 834 curve

External fire curve
Hydrocarbon curve

Smeldering fire

User-defined curve

EN 1993-1-3

Afterwards the steel temperature will be calculated after a certain time with the following formulas. This

steel temperature will be assumed as a uniform temperature in the whole section:

Unprotected steel member:

An/V 5
Aea,t = kshmhnetAt

Protected steel member:

_ MpAp/V 056 n . 9 _
ABar = capa  rarn A (e“’ 1) ABy,

Where:

ko Correction factor for shadow effect
For I-sections under nominal fire actions: kg, = 0.9 [4,,/V1y/[Am/V]
All other cases: kg, = [A1/V]p/[Am/V]

ApJV Section factor for unprotected steel members [1/m]
In table 4.2 (EN 1993-1-2) some section factors are calculated for unprotected steel
members.

[A./V1 the box value for the section factor

Pper the design value on the net heat flux per unit area [W/m?]
This value should be obtained from EN 1991-1-2 with & = 1,0 and ¢, = 0,7.
= g .

¢ = en, dp - 4,/V

A,V section factor — see also table 4.3. En 1993-1-2
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And the netto heat flux can be calculated according EN 1991-1-2 article 3.1:
hnet = hnet,r + hnet,c

hnem = heat transfer by convection
=a,(0, - 0,) W/m3

hnet,r = heat transfer by radiation
= gy g0 [(0, +273)* = (0, +273)*]  [W/m?]

With

Ol¢ Coefficient of heat transfer by convection [W/m2K]

04 The gas temperature in the vicinity of the fire exposed member [°C]
This temperature may be adopted as nominal temperature-time curves as
given below

0., The surface temperature of the member [°C]
Stephan Boltzmann constant (=5,67 - 1078 W/mz2K?)

€m Surface emissivity of fire = 0,7 (EN 1993-1-2)

& Emissivity of fire =1

D Configuration factor - ® = 1,0. A lower value may be chosen to take account of
so called position and shadow effects (calculation is given in EN 1991-1-2 —
Annex G).

0, Is the effective radiation temperature of the fire environment [°C]

In case of fully fire engulfed members, the radiation temperature ©,. may be
represented by the gas temperature ©, around that member.

All the iarameters of the irevious formulas can be adaited in the Steel setui:

- standard EN MName Standard EN
[El- Steel O Steel
- Member check -
- Relative deformation Member check EN 1993-1-1
Buckling defaults = Requirement EM 1993-1-2: 2.5
-~ Limit slenderness
- Cold Formed Required fire resistance R [min] 30,00
- Plated structural elements HEEEER D
Emissivity related to the fire compartment g; [-] 1,00
Emissivity related to the surface material £, [-] 0,70
Configuration factor @ for radiative heat flux [-] 1,00
emperature-time curve 30 e i
Temperature-time curve 150 834 curve -
Coefficient of heat transfer by convection o [-] 25,00
5l Structural fire design EM 1993-1-2: 4.2
Analysis type Resistance domain hd

Use adaptation factor for shadow effect by, no

Steel properties

Most of the steel properties will change by a different temperature, so once the steel temperature is
known, the steel properties can be calculated. In below the properties for carbon steel from EN 1993-1-
2, art.3 are used. The properties for stainless steel can be found in EN 1993-1-2: 2005: Annex C.

Reduction factors

Effective yield strength, relative to yield strength at 20°C: k, 9 = f,9/f,
Proportional limit, relative to yield strength at 20°C: kpo = frolfy

Slope of linear elastic range, relative to slope at 20°C: kg g = E; 4/E,
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Ko

Effactive vield strangth
k‘rD= fi_f.[!ffy

0.4 \\
\ \\, Slope of linear
0 \ elasticrange m
\ \ \ ken=Eapn/Ea
0.4 fou, \ ||
Froportional lirmit /D\Q(
0,2 kpo=fpolfy %
% 200 400 600 800 1000 1200
[°C]

Thermal elongation

The relative thermal elongation of steel Al/l should be determined from the following:

Relative Elongation All [x107]

20
18
16
14
12
10

(=R N - -]

Specific heat

Specific heat [J / kg K]

5000
4500
4000
3500
3000
2500
2000
1500
1000

500 4=

0

200

400

600

800

1000 1200

Temperature [*C]

0

200

400

600

800

1000 1200
Temperature [°C]

For 20°C < 6, < 750°C:

T =12x107%6, + 04 x 107802 —

2,416 x 107*
For 750°C < 6, < 860°C:

% =1,1x102

For 860°C < 6, < 1200°C:

T=2x10756,— 62x1073

For 20°C < 6, < 600°C: ¢, = 425 + 7,73 x 10
1,69 x 107302 + 2,22 x 107563 J/kgK

13002
738-0,
17820

For 600°C < 6, < 735°C: ¢, = 666 +

For 735°C < 6, < 900°C: ¢, = 545 +

9a—731

For 900°C < 6, < 1200°C: ¢, = 650 J/kgK

-1 ea_

J/kgK

J/kgK
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Thermal conductivity

Thermal conductivity [ W/ mK]

60
For 20°C < 6, < 800°C:
50
™~ A, =54—-3,33x107%29, W/mK
40 \ —
30
For 800°C < 6, < 1200°C:
* A, =273 W/mK
10
o 0 200 400 600 800 1000 1200

Temperature [°C ]

Fire resistance properties in SCIA Engineer

In SCIA Engineer the user can input fire resistance properties on a steel member by “Steel -> Beams -
> Member Check data -> Fire resistance”:

I2} General settings

Ignore check no
= Requirement

Required fire resistance Input -

Required fire resistance R [min] 30,00
T = Temperature-time curve

Temperature-time curve According to setup -
Coefficient of heat transfer by convection o, 25,00

¢ = Compression members

Modify buckling lengths during fire
= Beams
Fire exposure
Covered flange
Adaptation factor for cross-section &
Adaptation factor for beam
Adaptation factor for beam
= Steel temperature development
Protection
Insulation

Thickness [mm]

no

3 sides

Top flange

0,85

Statically indeterminate beam
0,85

V| yes
Fibre board
10,00

Where:

Required fire resistance: Inputted by the user or according to the steel setup

Required fire resistance R: Specifies the required resistance (input).

Temperature-time curve: According to the steel setup, or overruled for the selected member.

Coefficient of heat transfer by convection ac: Can only be changed by a user defined
temperature time curve.

Modified buckling lengths during fire: The buckling ratios can be inputted manually for
the fire resistance check.

Fire exposure: The section may be exposed to fire on all or only three sides.

Covered flange: When a section is exposed to fire on only three sides, the covered

flange can be chosen here.
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Adaption factor for cross-section k1: This parameters is the adaptation factor for non-uniform

temperature distribution across a cross-section. This factor
k1 is used for the check on the design moment resistance

M, ora-

Adaption factor for beam: At the supports of a statically indeterminate beam or all other cases.

Adaption factor for beam k2: This parameters is the adaptation factor for non-uniform
temperature distribution along the beam. This factor «, is used for
the check on the design moment resistance Mg grq-

Protection: Yes or no.

Insulation: Here the insulation properties can be inputted.

BIaemil g SlecEsHEl A

- ¥

Fibre board

R S S

A

Fibre board
Encasement type Hollow encasement
Insulation type Board protection
Unit mass [kg/m"3] 150,0
Thermal conductivity [W/mK] 2,0000e-01
Specific heat [J/gK] 1,2000e+00
Default value for thickness [mm] 10,00

AL

S S

New Insert Edit Delete

Thickness [mm]: Thickness of the insulation.

Resistance domain
In SCIA Engineer 3 calculation methods are implemented:
- Resistance domain
- Time domain.

- Temperature domain (iterative).

The choice between those analysis types can be made in “Steel -> Beams -> Steel setup”:

133



Steel Code Check

- Standard EN

B} Steel
i Member check

elative deformation

ire resistance

uckling defaults

imit slenderness

i~ Cold Formed

. Plated structural elements

Mame
= Steel
Member check
=l Fire resistance
= Requirement
Required fire resistance R [min]
= Net heat flux
Emissivity related to the fire compartment g; [-]
Emissivity related to the surface material g, [-]
Configuration factor ¢ for radiative heat flux [-]
= Temperature-time curve
Temperature-time curve
Coefficient of heat transfer by convection o [-]
= Structural fire design

Use adaptation factor for shadow effect kg,
Cold Formed
Plated structural elements

Standard EN

EN 1993-1-1

EN 1993-1-2

EN 1993-1-2: 2.5

30,00

EN 1993-1-2: 3.1

1,00

0,70

1,00

EN 1993-1-2: 3.2

150 834 curve ~

2500
23,00

EMN 1993-1-2: 4.2

Resistance domain -

Resistance domain
Time domain
Temperature domain (lterative)

In this chapter the fire resistance check following the Resistance domain will be explained.

Principle

The user will choose the used temperature time curve and will input a required fire resistance time.

After this time the temperature of the gas and afterwards of the steel will be calculated.

With this steel temperature the reduced properties will be calculated and a fire resistance check
according to EN 1993-1-2, art. 4 will be executed with those adapted steel properties. This check will

result in a unity check, which is the fire resistance check for the resistance domain.

Example in SCIA Engineer

This principle is explained with an example in SCIA Engineer.

Example: Industrial hall.esa

Consider member B28:

Following fire resistance properties are inputted on this column:

Properties 3 x
Member (1) [ RY: R
d 4B e
=] !" | settings
Ignore check no
= Requirement
Required fire resistance Input -
Required fire resistance R [min] 30,00
= Temperature-time curve
Temperature-time curve According to setup -
Coefficient of heat transfer by cor 25,00
= Compression members
Maodify buckling lengths during... no
= Beams
Fire exposure All sides -
Adaptation factor for cross-sectio 1,00
Adaptation factor for beam Statically indeterminate beam -
Adaptation factor for beam 0,85
= Steel temperature develop...
Protection V| yes
Insulation Fibre board sl
Thickness [mm] 5,00
Member B28
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So the fire resistance will be checked after 30 minutes (= 1800 seconds) with a fibre board protection

and the buckling factors are taken equal as the buckling factors of the normal steel code check.

The fire resistance check is executed via “Steel -> Beams -> ULS check -> Check - fire resistance” for

this column and for combination “CO3 - Fire”, resulting in a unity check of 0,95:

When looking at the detailed output, this calculation is given by SCIA Engineer:

First the partial safety factors are given:

Partial safety factors

Gamma MO0 for resistance of cross-sections 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
Gamma M,fi for resistance to fire 1,00

Afterwards the material properties (not adapted by the temperature) are given:

Material

Yield strength fy 235,0 |MPa
Ultimate strength fu |360,0 |MPa
Fabrication Rolled

And the fire resistance properties as inputted in SCIA Engineer. Here is also indicated that the fire
resistance check has been executed after 30 minutes of fire.
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Fire resistance
Verification in Resistance domain according to EN 1993-1-2 article 4.2.3

Fire resistance

Temperature-time curve IS0 834 curve
Coefficient of heat transfer by convection 25,00 W/m2K
alpha,c

Emissivity related to fire compartment epsilon,f |1,00
Emissivity related to surface material epsilon,m | 0,70
Configuration factor for radiation heat flux phi 1,00

Required fire resistance R 30,00 min
Gas temperature theta,g 841,80 °C
Material temperature theta,a,t 614,72 °C
Beam exposure All sides

Adaptation factor for cross-section kappa,1 1,00

Adaptation factor for beam kappa,2 0,85

Reduction factor for the 0.2% proof strength 0,27
k,0.2p,theta
Reduction factor for the E modulus k,E,theta 0,28

Insulation properties

MName Fibre board

Encasement type Hollow encasement
Insulation type Board

Thickness d,p 5,00 mm
Unit mass rho,p 150,0 kg/m?
Thermal conductivity lambda,p 2,0000e-01 W/mK
Specific heat c,p 1,2000e+00 JgK
Section factor for insulated steel members |1,1611e-01 1/mm
Ap/V

And now a graph is shown with the gas temperature (in this example follow the ISO 834 curve), the
steel temperature calculated with a protection and the reduction of the yield strength.

°C N/mm2
1200
1000 | - 200
800 — ~
S ~ 150
800
~ 100
400 —
- 50
200
0 T T T T T T T T T T T T 1 0

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 min

Yield strength
Gas temperature

Steel temperature
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And after all the unity check is shown with the reduced properties:

Classification for cross-section design
According to EN 1993-1-2 article 4.2.2

Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio |59,57
Class 1 Limit 58,91
Class 2 Limit 67,83
Class 3 Limit 93,50

=> Internal Compression parts Class 2
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio |6,40
Class 1 Limit 7,65
Class 2 Limit 8,50
Class 3 Limit 11,71

=> Qutstand F

langes Class 1

=> Section classified as Class 2 for cross-section design

The critical check is on position 6.900 m

Internal forces |Calculated |Unit
N, fi,Ed 61,02 kN
Vy, fi,Ed 0,01 kN
Vz, fi,Ed 34,87 kN
T,f,Ed 0,00 kNm
My, f,Ed 240,62 kNm
Mz, fi,Ed -0,05 kNm

Compression check

According to EN 1993-1-2 article 4.2.3.2 and formula (4.5)

A 1,7500e+04 | mm?
N, fi,t,Rd 1130,81 kN
Unity check |0,05 -

Bending moment check for My

According to EN 1993-1-2 artide 4.2.3.3 and formula (4.10)

3

Wpl,y 4,8650e+06 |mm
Mpl,y,Rd 1143,28 kMNm
My, fi,theta, Rd |314,37 kINm
My, fi,t,Rd 369,84 kNm
Unity check 0,65 -

Bending moment check for Mz

According to EN 1993-1-2 article 4.2.3.3 and formula (4.10)

Wpl,z 6,1410e+05 |[mm?
Mpl,z,Rd 144,31 kMNm
Mz, fi,theta,Rd |39,68 kMNm
Mz, fi,t,Rd 46,68 kNm
Unity check 0,00 -
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Shear check for Vy
According to EN 1993-1-2 article 4.2.3.3 and formula (4.16)

Eta 1,20

Av 9,2698e+03 | mm?
Vpl,y,Rd 1257,69 kN
Vy, fi,t,Rd 345,83 kN
Unity check |0,00 -

Shear check for Vz
According to EN 1993-1-2 article 4.2.3.3 and formula (4.16)

Fta 1,20
Av 9,9222e+03 | mm?
Vpl,z,Rd 1346,22

kN
Vz,f,t,Rd 370,17 kN
Unity check |0,09 -

Combined bending, axial force and shear force check
According to EN 1993-1-2 article 4.2.3
According to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

My, fi,t,Rd 369,84 |kNm
Alpha 2,00
Mz fi,t,Rd |46,68 kNm
Beta 1,00

Unity check (4.9) = 0,42 + 0,00 = 0,42 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

Note: Since the axial force satisfies both criteria (6.33) and (6.34) of EN 1993-1-1 article 6.2.9.1(4)

its effect on the moment resistance about the vy axis is neglected.

Note: Since the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
resistance about the z-z axis is neglected.

The member satisfies the section check.

Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio |59,57
Class 1 Limit 28,05
Class 2 Limit 32,30
Class 3 Limit 35,70

=> Internal Compression parts Class 4
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio |6,40
Class 1 Limit 7,65
Class 2 Limit 8,50
Class 3 Limit 11,90

=> Qutstand Flanges Class 1
=> Section classified as Class 4 for member buckling design
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Properties

sectional area A eff 1.5269e+04 |mm

Shear area Vy eff 8.9420e+03 |mm? |Vzeff [6.3269e+03 |mm?
radius of gyration iy |320.39 mm |z eff |58.15 mm
eff

moment of inertia Iy [1.5674e+09 |mm* |Iz eff |5.1634e+07 |mm*
eff

elastic section 4.1630e+06 |mm?* |Wzeff |3.9265e+05 |mm?
modulus Wy eff

Eccentricity eny 0.00 mm |enz 0.00 mm

Flexural Buckling check

According to EN 1993-1-2 artide 4.2.3.2 & Annex E and formula (4.5)

Buckling parameters Yy .

Sway type sway non-sway
System length L 6,900 6,900 m
Buckling factor k 3,25 0,99

Buckling length Lcr 22,415 6,832 m
Critical Euler load Ner 6596,08 |2293,84 kN
Slenderness Lambda 74,15 125,75
Relative slenderness Lambda,rel |0,74 1,25

Relative slenderness 0,73 1,23
Lambda,rel,theta

Imperfection Alpha 0,65 0,65

Reduction factor Chi,fi 0,59 0,36

Buckling resistance Nb,fi,t,Rd 584,85 356,17 kN

Flexural Buckling verification

Cross-section effective area Aeff

1,5269e+04 |mm

2

Buckling resistance Nb,fi,t,Rd

356,17

Unity check

0,17 -

Torsional(-Flexural) Buckling check
According to EN 1993-1-2 article 4.2.3.2 & Annex E and formula (4.5)

Note: For this I-section the Torsional(-Flexural) buckling resistance is higher than the resistance
for Flexural buckling. Therefore Torsional(-Flexural) buckling is not printed on the output.

Lateral Torsional Buckling check

According to EN 1993-1-2 article 4.2.3.4 & Annex E and formula (4.19)

LTB parameters

Cross-section effective modulus Weff,y 4,1630e+06  |mm?
Elastic critical moment Mcr 1709,12 kNm
Relative slenderness Lambda,rel, LT 0,76

Relative slenderness Lambda,rel,LT,theta 0,75

Imperfection Alpha,LT 0,65

Reduction factor Chi,LT,fi 0,58

Design buckling resistance Mb,fi,t,Rd 156,77 kMNm
Unity check 1,53 -
Mcr parameters

LTB length L 6,900 m

Influence of load position no influence

Correction factor k 1,00

Correction factor kw 1,00

LTB moment factor C1 1,77

LTB moment factor C2 0,00

LTB moment factor C3 1,00

Shear center distance d,z 0,00 mm

Distance of load application z,g 0,00 mm
Mono-symmetry constant beta,y |0,00 mm
Mono-symmetry constant z,j 0,00 mm

Note: C parameters are determined a

ccording to ECCS

119 2006 / Galea 2002.
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Bending and axial compression check
According to EN 1993-1-2 article 4.2.3.5 &

Annex E and formula (4.21c),(4.21d)

Bending and axial compression check parameters

Cross-section effective area Aeff

1,5269e+04 |mm?

Cross-section effective modulus Weff,y

4,1630e+06 | mm?®

Cross-section effective modulus Weff,z

3,9265e+05 |[mm?

Design compression force N, fi,Ed 61,02 kN
Design bending moment My, fi,Ed -240,62 kINm
Design bending moment Mz, fi,Ed -0,05 kINm
Reduction factor Chi,min,fi 0,36

Reduction factor Chi,z,fi 0,36

Reduction factor Chi,LT,fi 0,58

Equivalent moment factor beta,M,y 1,80

Factor mu,y 0,07

Interaction factor k,y 0,99

Equivalent moment factor beta,M,z 1,80

Factor mu,z -0,05

Interaction factor k,z 1,01

Equivalent moment factor beta,M,LT 1,80

Factor mu,LT 0,18

Interaction factor k,LT 0,97

Unity check (4.21c) = 0,17 + 0,89 + 0,00 = 1,06 -

Unity check (4.21d) = 0,17 + 1,49 + 0,00

Shear Buckling check
According to EN 1993-1-2 article 4.2.3
According to EN 1993-1-5 article 5 & 7.1

1,66 -

and formula (5.10) & (7.1)

Shear Buckling parameters

Buckling field length a 6,900 m
Web unstiffened

End post non-rigid

Web height hw 719,00 mm
Web thickness t 11,50 mm
Yield strength fiw 235,0 MPa
Flange width bf 263,00 mm
Flange thickness tf 17,00 mm
Yield strength fiyf 235,0 MPa
Material coefficient epsilon |0,85

Shear correction factor Eta  |1,20
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Shear Buckling verification

Web slenderness hw/t 62,52

Web slenderness limit 51,00

Plate slenderness lambda,w,theta 0,71
Reduction factor chi,w,fi 1,16
Contribution of the web Vbw,fi,t,Rd 359,26 kN
Capacity of the flange Mf,fi,t,Rd 190,18 |kNm
Flange factor c 0,000

Contribution of the flange Vbf,fi,t,Rd |0,00 kN
Maximum resistance Vb, fi,t,Rd,limit 370,17 |kN

Resistance Vb, fi,t,Rd 359,26
Plastic resistance Mpl,fi,t,Rd 314,37 |kNm
Shear ratio eta,3,bar 0,10

Unity check (5.10) = 0,10 -
Note: The interaction between Bending and Shear Buckling does not need to be verified
because the shear ratio does not exceed 0.5.

The member does NOT satisfy the stability check!

So in this example the Compression and bending check will result in a unity check op 1,66.

Time domain
In SCIA Engineer 3 calculation methods are implemented:
- Resistance domain
- Time domain.
- Temperature domain (iterative).

The choice between those analysis types can be made in “Steel -> Beams -> Steel setup”:
In this chapter the fire resistance check following the Time domain will be explained.

Principle

The user will choose the used temperature time curve and will input a required fire resistance time.
After this time the temperature of the gas and afterwards of the steel will be calculated.

Now also the critical steel temperature will be calculated. And the Fire resistance check according to
the time domain will be the ratio of the real steel temperature after a chosen time and the critical steel
temperature.

This critical steel temperature 0, will be calculated with a simple formula:

— s — 1|+ 482

Bucr = 39,19 In | o

Where y is the degree of utilization. This means the unity check following EN 1993-1-2 at time = Osec,
so without augmentation of the temperature.

NOTE

This simple formula is only valid if no stability phenomena or deformation criteria have to be taken into
account.
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Example in SCIA Engineer

This principle is explained with an example in SCIA Engineer.

Example: Industrial hall.esa
Consider member B28:
And change in “Steel -> Beams -> Steel setup” the analysis type to “Time domain”.

The fire resistance check is executed via “Steel -> Beams -> ULS check -> Check - fire resistance” for
this column and for combination “CO3 - Fire”, resulting in a unity check of 1,03:

When looking at the detailed output, this calculation is given by SCIA Engineer:

The check results shown hereafter are given at time t = 0,00 min. These results have been used to determine
the degree of utilization for the critical temperature.

So the check following EN 1993-1-2 will be given at t = Omin, so 20°C, without any reduction of the
steel properties. This check will result in a low unity check, which is the degree of utilisation py:

In this example again the Compression and bending check will result in the highest unity check = 0.47
= Ho-
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Bending and axial compression check
According to EN 1993-1-2 artide 4.2.3.5 & Annex E and formula (4.21c),(4.21d)

Bending and axial compression check parameters
Cross-section effective area Aeff 1,5269e+04 |mm?
Cross-section effective modulus Weff,y [4,1630e+06 |mm?
Cross-section effective modulus Weff,z [3,9265e+05 |mm?
Design compression force N,fi,Ed 61,02 kM
Design bending moment My, fi,Ed -240,62 kNm
Design bending moment Mz, fi,Ed -0,05 kNm
Reduction factor Chi,min,fi 0,35

Reduction factor Chi,z,fi 0,35

Reduction factor Chi,LT,fi 0,58

Equivalent moment factor beta,M,y 1,80

Factor mu,y 0,05

Interaction factor k,y 1,00

Equivalent moment factor beta,M,z 1,80

Factor mu,z -0,06

Interaction factor k,z 1,00

Equivalent moment factor beta,M,LT 1,80

Factor mu,LT 0,19

Interaction factor kLT 0,99

Unity check (4.21c) = 0,05 + 0,25 + 0,00 = 0,29 -
Unity check (4.21d) = 0,05 + 0,42 + 0,00 = 0,47 -

This value is used in the simple formula for the critical steel temperature:

Oqcr = 39,19 ln[ LI 1] +482
0

0,9674 i
1

0,9674 (0.47)3-833

Bg.cr = 3919 In | — 1] +482 = 594°C

And the steel temperature after 30 minutes is 614.72°C.

614.72°C _
594.26°C

The unity check is: 1.03

All those values are also given in the overview table in the preview of the fire resistance check:

Fire resistance

Temperature-time curve ISO 834 curve
Coefficient of heat transfer by convection 25,00 W/m2K
alpha,c

Emissivity related to fire compartment epsilon,f |1,00

Emissivity related to surface material epsilon,m 0,70

Configuration factor for radiation heat flux phi 1,00

Required fire resistance R 30,00 min
Gas temperature theta,g 841,80 °C
Material temperature theta,a,t 614,72 °C
Degree of utilization mu,0 0,47

Critical material temperature theta,a,cr 594,26 °C
Fire resistance t,cr 28,10 min
Beam exposure All sides

Adaptation factor for cross-section kappa,1 1,00

Adaptation factor for beam kappa,2 0,85

Reduction factor for the 0.2% proof strength 1,00
k,0.2p,theta

Reduction factor for the E modulus k,E, theta 1,00

Unity check 1,03 -
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And also the Fire resistance time is given in this table:
This member van resist fire for 28,10 minutes.

NOTE

As stated before, this simple calculation method can only be used if no stability phenomena have to be
taken into account. In this example the stability causes the highest unity check and is thus taken into
account, so this method is not correct and should not be used!

Temperature domain (iterative)
In SCIA Engineer 3 calculation methods are implemented:
- Resistance domain
- Time domain.
- Temperature domain (iterative).

The choice between those analysis types can be made in “Steel -> Beams -> Steel setup”:
In this chapter the fire resistance check following the Temperature domain will be explained.

If this method is used, the critical steel temperature will be calculated with an iterative process. So first
an estimation of this critical temperature will be chosen and the unity check following EN 1993-1-2 will
be executed, if this check is lower than one, a higher critical temperature is chosen or when this check
is higher than one, a lower temperature is chosen. Now this unity check is recalculated just until the
moment this unity check gives a result for this critical steel temperature between 0,99 and 1.

This is a more accurate procedure to calculate the critical temperature and this method is also valid if
stability phenomena or deformation criteria have to be taken into account.

Example in SCIA Engineer

This principle is explained with an example in SCIA Engineer.

Example: Industrial hall.esa
Consider member B28:
And change in “Steel -> Beams -> Steel setup” the analysis type to “Temperature domain (iterative)”.

The fire resistance check is executed via “Steel -> Beams -> ULS check -> Check - fire resistance” for
this column and for combination “CQO3 - Fire”, resulting in a unity check of 1,15:
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When looking at the detailed output, this calculation is given by SCIA Engineer:

The check results shown hereafter are given at the critical material temperature theta,a,cr = 535,10 °C. These results
have been used to determine the critical temperature i.e. the temperature at which the unity checks become near to 1,00.

So the check following EN 1993-1-2 will be given at 0, = 535,10°C. This temperature is calculated
iterative resulting in a unity check following the EN 1993-1-2 equal to 1:

Bending and axial compression check
According to EN 1993-1-2 article 4.2.3.5 & Annex E and formula (4.21c),(4.21d)

Bending and axial compression check parameters
Cross-section effective area Aeff 1,5269e+04 | mm?
Cross-section effective modulus Weff,y |4,1630e+06 |mm?
Cross-section effective modulus Weff,z |3,9265e+05 |mm?
Design compression force N,fi,Ed 61,02 kM
Design bending moment My, fi,Ed -240,62 kNm
Design bending moment Mz, fi,Ed -0,05 kNm
Reduction factor Chi,min,fi 0,38

Reduction factor Chi,z,fi 0,38

Reduction factor Chi,LT,fi 0,60

Equivalent moment factor beta,M,y 1,80

Factor mu,y 0,10

Interaction factor k,y 0,99

Equivalent moment factor beta,M,z 1,80

Factor mu,z -0,01

Interaction factor k,z 1,00

Equivalent moment factor beta,M,LT 1,80

Factor mu,LT 0,17

Interaction factor kLT 0,98

Unity check (4.21c) = 0,10 + 0,54 + 0,00 = 0,64 -
Unity check (4.21d) = 0,10 + 0,90 + 0,00 = 1,00 -
And indeed the highest unity check will be equal to 1.00 for this critical temperature.

614.72°C _
535.10°C

So for this case the unity check is: 1.15

All those values are also given in the overview table in the preview of the fire resistance check:
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Fire resistance
Verification in Temperature domain according to EN 1993-1-2 article 4.2.4

Fire resistance

Temperature-time curve IS0 834 curve
Coefficient of heat transfer by convection 25,00 W/m2K
alpha,c

Emissivity related to fire compartment epsilon,f | 1,00
Emissivity related to surface material epsilon,m |0,70
Configuration factor for radiation heat flux phi 1,00

Required fire resistance R 30,00 min
Gas temperature theta,g 841,80 °C
Material temperature theta,a,t 614,72 °C
Critical material temperature theta,a,cr 535,10 °C
Fire resistance t,cr 23,30 min
Beam exposure All sides

Adaptation factor for cross-section kappa,1 1,00

Adaptation factor for beam kappa,2 0,85

Reduction factor for the 0.2% proof strength 0,45
k,0.2p,theta
Reduction factor for the E modulus k,E,theta 0,50
Unity check 1,15 -

And also the Fire resistance time is given in this table:
This member van resist fire for 23,30 minutes.

NOTE

As stated before, this simple calculation method can only be used if no stability phenomena have to be
taken into account. In this example the critical steel temperature was calculated using the iterative
process, so this method is correct and can be used as an alternative for the resistance domain.
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