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Worked examples - Idea Steel 4.0 Structural Software

1. Buckling resistance of hinged column with intermediate supports

Example was prepared according to the document SX002a-EN-EU STEEL Access published
on [2].

Input
lNEd NEd
R — pd|
\ |
\ = |l
\ /
\l — b |
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/ —pdal
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Member is made of hot-rolled profile HE 260 A, with lateral supports over 3.5 m.
N ,=1000 kN

Material: steel grade S275
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Worked examples - Idea Steel 4.0 SEucaEl Somee

T.2. Cross-section: HE 260 A

Cross-section characteristics

Symbol Yalue Unit

A, 8EE2  mm2
I 104500000 mimd
I FEES0000  mmd
ft 923700 mmd
[y 516000000000 mimE
Wil L 836000  mm3
Wigl v 282154 mm3
Wil 919800  mm3
Wl 430200  mm3

Design buckling resistance of compressed member

J".ﬁ\ 4 yy: ky = 1,00, Ly = 10,50
> Ltb U.1- kz = 1,00, kw = 1,00. Ly = 2.50
1 Ltb U,2: kz = 1,00, kw = 1,00, Ly = 3,50
Ltb U,3 kz = 1,00, kw = 1,00. Ly = 3.50
Ltb B,1: kz = 1,00, kw = 1,00, Lz = 3,50
Ltb B,2: kz = 1,00, kw = 1,00, Lz = 3,50
Ltb B,3: kz = 1,00, kw = 1,00, Lz = 3,50

Lt 3

Lib B3

Lib B,2

1

Lot

Lib B,1

JI}ﬁli

E=210000 N /mm’
L. ,=10,5m
L, .=35m
Flexible critical force related to appropriate buckling shape:
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Worked examples - Idea Steel 4.0 e Structurai Sofw

wEl, 7. :
o E o B TR0 2 1964,

cr,y

_mEL. _’-21000-3668
L, 350

cr,z

=6206 kN

relative slenderness 6.3.1.2(1):

- A .
xy:\/ f, :\/8682 235 _1 019

N, . V1964520
_ A .
5 :\/ I, =\/8682 235 573
VN, V6206000

Buckling coefficient:
Value 7 , corresponding to the relative slenderness A , to be determined according to

equation (6.49).
1
X=—""FT5= <1,0 ,
¢+ \/cp2—7\2 but %

where  =0,5[1+ at(k—0,2)+ X’
o is the imperfection factor, to be determined by tables 6.1 and 6.2

In Table 6.2, the corresponding line is selected for I section according to parameters: h/b =
250/260=0,96 <1,2a t,=12,5<100mm

- buckling to axis y-y:

Buckling curve b -> imperfection coefficient o=0,34
cpy:0,5[1+ 0,34:(1,019-0,2)+ 1,0192]:1,158

_ 1

1158+ V1,158 1,019°

Af, _0,585-8682-235

Yo 1,0

- buckling to axis z-z:

=0,585

Ky

Ny =%, =1193,6kN> 1000kN pass

Buckling curve ¢ -> imperfection coefficient o=0,49
¢,=0,5]1+0,49-(0,573 —0,2)+ 0,573%]=0,756
%= 1
0,576+ 10,576’—0,573°

Af, _0,801-8682-235
Yui 1,0

=0,801

Y— =1634,3kN> 1000kN vyhovi
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Worked examples - Idea Steel 4.0

Flexural buckling check

[/®]={=rs

Structural Software

Item name Symbaol Value Y-Y Value Z-Z Unit Reference
Reduction factor ¥ 0,58 0.80 - G.3.1.2({1)
Slenderness A 1,02 057 - 6.3.1.2{1)
Buckling curve ] C Tab. 6.2
Imperfection factor a 0,34 0,49 - 6.3.1.2(1)
Buckling factor k 1,00 1,00 -

Critical length L, 10,50 3,50 m 6.3.1.3(1
Critical force MNer 195452 62086,01 kM 6.3.1.2(1)
Resistance force Mgz 119346 1634,36 kM 6.3.1.1{3)
Utilization uc 83,79 61,19 b 6.3.1.1(1)
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Worked examples - Idea Steel 4.0 SEUCEEM SO

2. Stability of simple supported beam
Example was prepared according to the document SX001a-EN-EU STEEL Access published
on [3]

Input

i I
¥ L B ] | S

I -

1 : Lateral restraint

Load:
Uniform load includes:
* self-weight of a beam
* concrete slab
e live load
Partial safety factors:
¢ Ys=135 (permanent load)
e ¥Yo=L5 (variable load)

° YM(): 1 ,O
° YMI = 1,0
Basic data:

It is a design of beams in multi-storey building for the following input data. It is assumed that
the beam is laterally supported only at the ends.

* Span: 5,70m

* Pitch: 2,50 m

e Thickness of concrete slab: 12 cm

* Crossbars: 0,75 kN/m2
* Live load: 2,5 kKN/m2
» Steel grade: S235

Self weight of a slab:  0,12-24 kN /m’=2,88 kN | m’
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Worked examples - Idea Steel 4.0 SEucaEl Somee

Self weight of a beam: (49,1-9,81)-107°=0,482kN /m
Permanent load:

G=0,482+ (2,88+ 0,75)-2,50=9,56 kN /m
Variable load (live load)

0=2,52,5=6,25kN/Im
The combination of ULS:

Yo G+ y,0=1,35-9,56+1,5-6,25=22,28 kN /m

7.2, Cross-section: IPE330

Cross-section characteristics

Symbol Value

z & £261,00

e —l— Iu 117700000,00

I TEE1000,00

it 281500,00

2|8 I 2011 28926000,00

215 T i Vel 71333333

| @ 750

e Wl 95512,50

- s &04000,00

T ——s Wil 153600,00
- , 160,00 |

Unit
mnz2
mima
mm
mm
ming
mm3
mm3
mm3
mm3

Material: S235 - for thickness of 11,5mm - f =235 N/mm?

Internal forces

N (kN] Internal forces

Wy [kN]

Vz [kN]
| 63,50

60,0

0,00
30,00 w
601710

63,50
M [kMNm]
My [kMNm]
0,
£0,0c] W
90,49
Mz [kNm]

3,5
o’
1
5,70
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Worked examples - Idea Steel 4.0 Structural Softwar

Cross-section classification
Article 5.5.2
£=235/ fy=+/235/235=1,0
The upper flange is under compression
c=(b—t,—2r)/2=(160—7,5—2-18)/2=58,25
clt,=5825/11,5=5,07

The limit value for class 1
9¢=9
Classification of flange: 9> 5,07 Class 1

Web subject to bending
c=h—2t,—2r=330-2-11,5-2-18=271
clt ,=27117,5=36,1

The limit value for class 1
72e=172

Classification of web: 72> 36,12 Class 1

Cross-section is a Class 1

Shear resistance

Shear check at support:

A (fr1V3)

Vpl'Rd B Y mo

For shear area of standard rolled I-section the code quotes the formula in 6.2.6 (3)
A=2bt + (1, + 2r)1 ,=6260—2-160-11,5+ 7,5+ 2-18)-11,5=3080
nh,t,=1,2-307-7,5=2763
A,=max(3080,2763)

Vi ra™= 3080.(1285/\/3) =4179kN

The limit for the assessment of web buckling

79 & 72-1,0:
1 1,2

web slenderness: #,,/t,,=307/7,5=40,93< 60 - buckling need not be considered.
Utilization: 63,5 /417,9 = 15,2% Pass -> utilization is less than 50%. Interaction of M + V is

60

not to be assessed. Moreover, in this case the maximal shear force occurs in a different section
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Worked examples - Idea Steel 4.0 SEucaEl Somee

as the maximal bending moment.

Shear force check Vz

[tem name Symbol Value Unit Reference
Design plastic shear resistance Voima 418,16 kM 6.2.6 (2)
Design plastic shear resistance reduced by Torsion Vo174 418,16 kM G.2.7 (9)
Design plastic shear resistance Vioro 418,16 kN G.2.6 (1)
Liilisation uc 15,19 %o 6.2.6(1)
Item name Symbaol Value Unit Reference
Shear reduction 4] 0,00 - 6.2.8 (3)(4)

Shear buckling need not be considered.

Bending
according to 6.2.5
_ W, _804,000-235

M., =M, =5 o = 188.94kNm
2
_90,49 _
My,Ed/Mc,y,Rd_m_0’479<l paSS
Bending moment check My
Item name Symbol Value Unit Reference
Section modulus Wit min 804000 mma3 (6.13)
Diesign resistance moment M: mq 188,94 feMm G.2.5(2)
Utilisation uc 47 89 Yo 6.25(1)
LT buckling
according to 6.3.2.3 and 6.3.2.1
e yy ky =100 Ly =570
zz kz = 1,00, Lz =570
F vz kyz =100, kw =100, Ly =570
Lth W kz = 1,00, kw = 1,00, Ly = 5,70
'—:Tlx » Lth B: kz = 1,00, kw = 1,00, Lz = 5,70
£
< e g %,
. \“‘&
"Q:- ‘-\'\-\. -
Jrar .H“MH ™
= h . i
'?-‘E:&. HH‘MH
“ ‘-\"'\-\_\_\H 2
a A
i,

Calculation of the critical moment Mcr:

IDEA RS s.r.0. | South-Moravian Innovation Centre, U Vodarny 2a, 616 00 BRNO
tel.: +420 - 511 205 263, fax: +420 - 541 143 011, www.idea-rs.cz, www.idea-rs.com



Worked examples - Idea Steel 4.0 Structural Softwar

(According to EN1999-1-1, Annex I)
kz=1,0

kw=1,0

L=57m

The critical moment by 1.1.2 (1.2)

VEI.G1
M}”:Mcr% kde

Ci

¢,

[V (C8,-C,8 P-(C,8,-CiE )

Wer ™
z

=T \/EIW: T 21-10"°-20,11-10°°
"k, L\ GI, 1,057

= —=0,751
8,077-10"°-28,15-10

EI . .10'°. 1078
. | Z:n0,165\/ 2100881107 oo
k.LVGI, 1,0-57 18,077-10'"°-28,15-10
¢ =72 [EL_ 700 \/ 21-10"-788,1-10° _ o
P k.LVGL 1,0:57Y8,077-10°28,15-10°°

For the parabolic shape of the bending moment diagram, we determine the parameters from
Table 1.2
C1:C1,o+ (Cl,l _CI,O)K

=1,127+ (1,132—1,127)-0,751=1,131

wt

C,=0,459

C,=0,525

w,= 1’1131 N 1+ 0,751°+ (0,459-0,776—0,525-0,0)2—(0,459-0,776—0,525-0,0)]: 1,068
10 -8 10 -8

Mcr:1,068-:rc-\/21-10 -788,1-10"-8,077-10'°-28,15-10 — 114,185 kNim

5,7
Relative slenderness:

:\/W,f,/,yfy:\/804000-235-10‘6
t M 114,185

cr

>

=1,286

v=0,4 for rolled sections

)_\‘LT
A, r=1,286>%h,,=0,4 LT buckling can not be ignored

LT buckling coefficient by 6.3.2.3:
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Worked examples - Idea Steel 4.0 Structural Softwar
1 % 7=10
Xir= — > -, ale 1
¢t \/(PLT —BAir Air= 32
LT

(PLT:0=5'[1+ o (M r=hpro)+ ﬁXiT]
p=0,75

imperfection factor in Table 6.5

h/b =330/160 =2,06 > 2

Buckling curve ¢ - imperfection factor o, ,=0,49

9.7=0,5] 1+ 0,49-(1,286—0,4)+ 0,75-1,286%]|=1,337

1
X =

T 1337+41,337°— 0,751,286
0482<1 ok

0,482< 1/1,286°=0,604 ok

=0,482

modification parameter f:
f=1-05(1—k)|[1-2(h,;—0.87] ,ale f<1,0

for the parabolic shape of the moment diagram the Table 6.6 quotes
k.=0,94
£=1-0,5(1-0,95)[1-2(1,286—0,8)*]=0,987

the resulting reduction factor according to (6.58)

Xrr_ 0,482
= ZLT D502 () 488
XLT,mod f 0,987 b

0,488 <1 ok
0,488 < 0,604 ok

The design moment resistance according to (6.55)

M, ot =it mod Wp,,y;—y =0,488%804,0%235/1,0=92,202 kNm
Ml

Check:
90,49/92,202 = 98,1% pass
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Lateral torsional buckling check - rolled section or equivalent welded section

Item name Symbol Value Unit Reference

Reduction factor ¥LT moa 0,49 - (6.58)
Slenderness ot 1,24 - 63221
Correction factor ke 0,94 - Table 6.5

f 0,88 - 6.3.2.3(2)

M1p 0,40 - 6.3.23(1)

B 0,75 - 6.3.23(1)
Buckling curve for LTE C Table 6.5

aLr 0,49 - Table 6.3
Buckling factor K 1,00 - EM1999-1-1:1.1.2 (1)
Buckling factor kz 1,00 - EM1999-1-1:1.1.2 (1)
Length between lateral suports L 5,70 1]

Considered moment diagram type

~__

C1 1,13 -

c2 0,46 -

C3 0,53 -

FParameter of symmetry Z| 0 mm EM1999-1-1:1.1.2 (1)
Load position related to shear centre Z3 165 nim EM1999-1-1:1.1.2 (1)
Critical moment M 114,16 kNm 6.3.2.2(2)
Resistance moment Mo, ra 92 36 kMm 6.3.2.1(3)
Utilisation uc 9797 % §.3.2.1(1)
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3. Stability of simple frame

Example was prepared according to [4]. Enclosed calculations focus only on the part of the
stability check. Calculation of input data is given in [4].

Input

Hinged frame with the course of internal forces:

My

IDEARS s.r.o0. | South-Moravian Innovation Centre, U Vodarny 2a, 616 00 BRNO
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Columns: HEB section 340, steel grade S235
Girder: IPE section 550, steel grade S235
Span: 24 m
Height: 10 m
Check of column
Internal Forces
Position Combination H Wy vz Mx My Mz
[m] [KH] [kH] [KH] [ kHm ] [ kHm | [ kHm ]
1000 CO1ULS 164,52 0,00 35,69 0,00 366,33 0,00
7.2. Cross-section: HEB340
Cross-section characteristics
Symbol Walue Unit
o & 1709000 mm2
2 Iy 366600000,00  mmd
o I 9590000000 mmé
it 257200000 mmd
8| 8 line 2462153955539,84  mmB
5‘; & Vil Ll 215647059 mm3
Wil 646000,00  mm3
5 Wil 240000000 mm3
A Wil v 986000,00  mm3
(Y]
Cross-section class 1 (classification procedure is described in the previous examples)
Cross-section classification
al a2 1] a clt CL1 CLZ CL3 e
[MPa] [MPa] [ B [ [ [-1 [
Web -235,00 | 20832 0,89 | 063 | 2025 | 5462 | 6289 | 11127 1
Left top flange -235,00 | -235,00 1,00 1,00 | 5,44 9,00 10,00 | 14,00 1
Right top flange -235,00 | -235,00 1,00 1,00 | 544 9,00 10,00 | 14,00 1
Left bottom flange 208 32 208 32 0,00 0,00 | 544 0,00 0,00 0,00 1
Right bottom flange 208 32 208,32 0,00 0,00 | 544 0,00 0,00 0,00 1

Check of the column - flexural buckling
E=210000 N /mm’
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D2
il
=2
? i
1y
11
14
Lcr,y:lOm
L, .=10m

Flexible critical force related to appropriate buckling shape:

_mEl, _721-10"366,6:10"°
S 10°

cr,y

=7598,21 kN

_ v El. _ n*21-10"-96,6-10°°
aEop 2 10?

cr,z

=2008,37 kN

relative slenderness 6.3.1.2(1):

- Af 17090-235
A= r =, =0,727
Y \/N. 7598210

cr,y

_ A .
. :\/ f, _ [17090235_ 1,
Vv, .~V 2008370

cr,

Buckling coefficient:

Structural Softvwar

vy ky =100 Ly=10,00
Lib U kz = 1,00, kw = 1,00, Ly = 10,00
Ltb B: kz = 1,00, kw =100, Lz = 10,00

Value 7 corresponding to the relative slenderness A , to be determined according to

equation (6.49).
_ 1

o+ \/(pz_ 7_\2
where (p=0,5[1+ a(h—02)+ Xz]

X but x<1,0 ,
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Worked examples - Idea Steel 4.0 SEUCEEM SO

a is the imperfection factor, to be determined by tables 6.1 and 6.2

In Table 6.2, the corresponding line for I-section is selected according to parameters:

h1b=340/300=1,133<12 a 1,=21,5<100mm
- buckling to axis y-y:
Buckling curve b -> imperfection factor a=0,34
¢,=0,5[1+0,34-(0,727-0,2)+ 0,727]=0,854
_ 1
0,854+ 1/0,854°— 0,727
Af, _0,768-17090-235
Y 1,0

- buckling to axis z-z:

=0,768

Ly

=3085,3 kN> 184,5kN vyhovi

Nb,Rd:Xy

Buckling curve ¢ -> imperfection coefficient «=0,49
¢,=0,5[1+0,49-(1,414—0,2)+ 1,414*|=1,797
.- 1
T 1,797+41,797° —1,414°
Af, _ 0,344-17090-235

=0,344

N, =% =1381,7kN> 184,5kN vyhovi
' Yumi 1,0
Flexural buckling check
Item name Symbaol Value Y-Y Value Z-Z Unit Reference

Reduction factor ¥ 077 0,34 - 6.3.1.2 (1)
Slenderness A 073 1.41 - 6.3.1.2({1)
Buckling cunse b C Tab. 6.2
Imperfection factor o 0,34 0.49 - 6.3.1.2(1)
Buckling factor k 1,00 1.00 -
Critical length L. 10,00 10,00 m 6.3.1.3(1)
Critical force Mar 759821 200837 kM 6.3.1.2(1)
Resistance force Ne.rd 3085,33 1381.71 kM 6.3.1.1(3)
Utilization uc 5,488 13,35 U 6.3.1.1(1)

Check of the column - LT buckling

In the example [4] a calculation of a general reduction factor was performed according to

6.3.2.2.

Code settings was therefore changed so that the Section 6.3.2.2 was used in calculation.

H 3.7 If possible, determine LTE curve acc. to eg. (6.57) |:|

Calculation of the critical moment Mcr:

IDEA RS s.r.0. | South-Moravian Innovation Centre, U Vodarny 2a, 616 00 BRNO
tel.: +420 - 511 205 263, fax: +420 - 541 143 011, www.idea-rs.cz, www.idea-rs.com




[/[5]==)rs

Worked examples - Idea Steel 4.0 Structural Softwar

(According to EN1999-1-1, Annex I)

kz=1,0

kw=1,0

L=10m

The critical moment by 1.1.2 (1.2)

VEI.GI

MC}”:MC}”% kde
:QNH#+W§—CCY%C§—C§H

Wer wt 25 g 3> 2>g 35

o T \/EIW: m 21-10%-246.22-10° _ ) ,oc
"k, L\ GI, 1,0-10,08,077-10°-257,2-10°

parameters &, and &, can be set equal to 0. They does not take effect in calculation.

For linear shape of the bending moment My diagram, we determine the parameters from
Table 1.1

C,=C,,+(C,,—C,,)x,,=1,77+(1,85-1,77)-0,496 =1,81
C,=0
C,=1,0

=181 140,496 |=2,02

We, 1’0

10 —8 10 -8
p = 20272110 -9690-11(())0-8,077-10 2572107 _ 20 268 kvm

Relative slenderness:

=\/sz,yfy:\/o,ooz4-235-1o"
1 M 1304768

cr

>

=0,657

A 70=0,4 for rolled sections

A,7=0,657> %, ,=0,4 LT buckling can not be ignored

Buckling coefficient according to 6.3.2.2:

1
Arr= — = ale X <1,0
@t \/CPLTZ_)\‘zLT o

chT:():S'[l'I' O"-LT(XLT_OJ')'F )_\'ZLT]

imperfection factor in Table 6.3
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h/b=360/300=1,2<2

Buckling curve a ->imperfection factor o, ;=0,21

9.7=0,5]1+0,21-(0,657—0,2)+ 0,657*|=0,764
_ |

0,764+ 10,764~ 0,657
0,867< 1 ok

=0,867

Xrr

The design moment resistance according to (6.55)

My =% W j—y—0,867-0,0024-235-106/1,02488,988kNm

, =
Ml

Check:

386,93 / 488,988 = 79,1% pass

Lateral torsional buckling check - general case

Structural Software

Item name Symbol Value Unit Reference

Reduction factor T 0,87 6.3.22(1
Slenderness AT 0,66 6.3.2.2(1)
Buckling curve for LTE a Table 5.4

alr 0,21 Table 5.3

Mo 0,40 6.3.23(1)
Buckling factor [ 1,00 EN1999-1-1:1.1.2 (1)
Buckling factor k; 1,00 EMN1999-1-1:1.1.2 {1)
Length between lateral suports L 10,00 m

Considered moment diagram type

T m——

C1 1.81

c2 0,00

C3 1,00

Parameter of symmetry Z 0 mm EN1999-1-1:1.1.2 (1)
Load position related to shear cenire Zg 170 mm EM19599-1-1:1.1.2 (1)
Critical moment Mer 1303,51 kMm 6.3.2.2(2)
Resistance moment Mgy ga 488,81 kMm 6.3.2.1(3)
Utilization uc 79,08 % 6.3.2.1(1)
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Check of the column - interaction by the N + V according to 6.3.3

Interaction of axial force and bending under Article 6.3.3. Interaction coefficients are
determined by the method 2 of Annex B

Members stressed by a combination of bending and axial pressure must satisty the condition
(6.61) and (6.62)

NEd + k My,Ed + k MZ,Ed Sl
Yo NV re > Xir M, ra M, pa

Y Y Y mi

NEd + . My,Ed +kZZMz,EdSI
W=V re XM, g M, rai

Y Y Y i

The column is not bended around an axis zz. Interaction coefficients kyz and kzz need not be
determined.

Column is prone to torsion.
Coefticients kyy and kzy are determined from Table B.2:

Ve 1+ o,S—NEd
Xy N ¥ Xy N e ¥ o

P 0,1, Ne | . 0.1 N,
> (CmLT_O’zs) XNl Yo | (CmLT_O’zs) XN rid ¥ous

k,=C, |1+ (X,=0,2) <C,,

C my=0,9 sway
C,.r=0,6+0,49=0,6>0,4 for linear moment diagram My ( y=0 )

184,5 184,5
0,768-4016,15/1,0 0,768-4016,15/1,0

k,,=0,928<0,943 > k  =0,928

kyy:O,9-(1+ (0,727-0,2) )50,9-(1+ 0,8

i =1__0.1-1414 184,5 Sl 0.1 184,5
4 (0,6—0,25) 0,344-4016,15/1,0 | | (0,6—0,25) 0,344-4016,15/1,0

k.,=0,946 but should be>0,962k ,=0,962

after substituting into equations (6.61) and (6.62)

184,5 386,93
2 +0,928-——>——=0,06+ 0,734=0,794< 1
0,768-4016,15 488,988 ’ ’ pass
1,0 1,0
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Worked examples - Idea Steel 4.0 Sirptual Soflmn
184,5 386,93 _ _
0.344-4016.15 + 0,962 488,088 =0,134+0,761=0,895< 1 pass
1,0 1,0
Combined stability check in case of bending and axial compression - alternative method 2
Item name Symbol Value Unit Reference

Crmy 0,90 -
Mz 0,00 kNm Table B.3
M:z 0,00 kMNm Table B.3
W 1,00 - Table B.3
Uz 0,00 - Table B.3
Cmz 1,00 -
Mo 0,00 kNm Table B.3
Mzt 309,54 kMNm Table B.3
Wer 0,00 - Table B.3
QsLT 0,00 - Table B.3
Crit 0,60 -
by 0,93 -
Kyz 0,71 -
lezy 0,96 -
bz 1,19 -
Mea -184,52 kM 6.3.3(4)
My £ 386,03 kNm 6.3.3(4)
Mz ga 0,00 kNm 6.3.3 (4)
Mex 4018,15 kM 6.3.3 (4)
My e 564,00 kMNm 6.3.3(4)
Mz 7k 231,71 kMNm 6.3.3(4)

Utilisation uc 79,47 % 6.3.3(4) (6.61)

Utilisation uc 89,49 % 6.3.3 (4) (6.62)

Check of frame girder

Frame girder is laterally supported at the ends and the bottom flange at a distance of 4 meters
from the end. (See picture)

. e *——— |

L
400 | 16,00 | 400
24,00

L u . i
[=] [=] [=]
o o (-]
5 & S

The check is performed in frame corner, where is the maximum negative moment. (Position
24m)
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Internal forces

-38,69
Wy [kN]

Vz [kN]
143 48

m

Mx [KNm]

]
L]

144 52

My [kMm]

e
e
200,0¢ W

483,32

-386,83

Mz [kMm]

1,00
(1]
(]
i
L]

1100

12,00

14,00

18,00

18,00

20 00

22,00

4 1-

Check of frame girder - classification
Procedure for the classification of the flange has been demonstrated in previous examples.
Classification of web
c=H—2t,—2r=550—2-17,2—2-24=467,6 mm
part of the web is plastized by axial force

o= N _ 38690
tyf,a 11,1235

e 0,5(c+z) _0,5(467,6+ 14,94)
o 467,6
clt,=467,6/11,1=42,1
The limit value for class 1 (tabulka 5.2) pro o> 0,5

396e __396-1,0
13a—1 13-0,516—1

= 14,94

=0,516

=69,38

Classification of web: 69,38> 42,1 Class 1
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Cross-section classification

a1
[MPa]
Web 226,62
Left top flange 226,62
Right top flange 226 62
Left bottom flange -235,00
Right bottom flange -235,00

o2
[MPa]
-235.00
226,62
226,62
-235,00
-235,00

p
[
-0,96
0,00
0,00
1,00
1,00

a
[
0,52
0,00
0,00
1,00
1,00

cit

[
4213
439
439
4,39
439

CL1 CL2 CL3
[ [] [
69.40 | Y991 | 11939 | 1
0,00 0,00 0,00 1
0,00 0,00 0,00 1
9,00 10,00 | 14,00 1
9,00 10,00 | 14,00 1

Check of frame girder - flexural buckling

#
foe
S v
e “‘\
(!61?
Buckling lengths
L, =24m

D3

yy: ky = 1,00, Ly = 24 00
Ltb U: Divided acc. to LTE restraints, kz =
Ltb B: Divided acc. to LTB resiraints, kz =

To determine the buckling length about zz axis we take into account in the case of LT
restraints the sign of bending moment. Buckling length will be determined from the distance
of lateral support of the compressed flange.

1
1,

Moment at the frame corner has a negative sign - the bottom flange is in compression. The
bottom flange is laterally supported at 4m.

LC}’,Z:4m

The calculation procedure is the same as for the column.
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Flexural buckling check

Item name Symbol Value Y-Y Value Z-Z Unit Reference
Reduction factor ¥ 057 0,63 - 6.3.1.2(1)
Slenderness A 1,14 (.96 - 6.3.1.2(1)
Buckling curve a b Tab. 6.2
Imperfection factor a 021 0,34 - 6.3.1.2(1)
Buckling factor k 1,00 1.00 -

Critical length L, 24,00 4.00 m 6.3.1.3(1)
Critical force M 241517 345609 kM 6.3.1.2(1)
Resistance force Momd 1739 54 1974.52 kM 6.3.1.1(3)
Utilization uc 2,16 1,96 Ba 6.3.1.1(1)

Check of frame girder - LT buckling

To determine the critical moment Mcr on a beam with LT restraints, the buckling length for
each checked section is set according to the sign of bending moment in the section.

L=4m

kw =1

kz=1

course of moment My in the span of buckling

-386,93

-121,89

85,15

The parameters C1, C2: for the parabolic course of moments with different moments at the
ends

the Belgian national annex NBN EN 1993-1-1 ANB recomendes diagrams D.4 D.6

2 2
—qL_ 124 _ 46
YoM 83869

Y=95/—386,9=—0,246
Cl=224
C2=0,05
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Lateral torsional buckling check - general case

Item name Symbol Value Unit Reference

Reduction factor ¥ 0,87 - 63.2.2(1
Slenderness At 053 - 63221
Buckling curve for LTE b Table 6.4

QLT 0,34 - Table 6.3

ALt 0,40 - 6.3.23(1)
Buckling factor Ko 1,00 - EM1989-1-1:1.1.2 (1)
Buckling factor k; 1,00 - EM1989-1-1:1.1.2 (1)
Length between lateral suporis L 4.00 m
Considered moment diagram type

¥ -

"“x._,__ _"— -

C1 224
c2 0,05
C3 0,00
Farameter of symmetry | 0 mm EM1999-1-1:1.1.2 (1)
Load position related to shear cenire 2 275 mm EM1999-1-1:1.1.2 (1)
Critical moment M 235387 kMm 6.3.2.2 (2)
Resistance moment Mo Ll kKMm 6.3.2.1(3)
Utilisation uc 67,44 % 6.3.21(1)

Check of frame girder - interaction by 6.3.3 - method 2

For parameter C,, we consider the span between LT restraints preventing displacement in
the z direction Such restraints are at the ends of the girder. We take into account the entire
girder.

M ,=—386,93 kNm
M =483,32 kNm
P=0,97
o, =M ,/M ,=—-386,93/483,32=—0,8
from Table B.3 for uniform load
C,,=0,95+0,050,=0,95+ 0,05-(—0,8)=0,91

For parameter C,;; we consider the span between LT restraints preventing displacement in
the y direction. Such restraints are at the ends of the girder and 4m from the end. We take into
account the same span as for LT buckling.

M ,=—386,93 kNm
M ,=—121,89 kNm

Y=—-0,25

o, =M /M ,=—121,89/-386,93=0315

from Table B.3 for uniform load
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CmL T:()32+ Oagah: 0,2+ 0,8(0,315 )20,452

Frame girder is not bended around an axis zz. Interaction coefficients kyz and kzz need not be
determined.

Frame girder is prone to torsion.
Coefticients kyy and kzy are determined from Table B.2:
N N
— 1+0,8———
Xy N ¥ Xy N e ¥ o

38,69
0,57-3158,4/1,0

k,,=0,928<0,925 >k, =0,925

k,=C, |1+ (X,=0,2) <C,,

38,69 )

<091-(1+0,8
) ’ ( "0,57-3158,4/1,0

kyy:O,91~(1+ (1,14-0,2)

b =1— 0,1 N g4 >l1— 0,1 N gq
2 <CmLT_ 0725) XN Yo (CmLT_Oszs) XN rid ¥ous

o =|{___0.1-0.96 38,69 Sl 0,1 38,69
> (0,452—0,25) 0,63-3158,4/1,0 | | (0,452—0,25) 0,63-3158,4/1,0

k., =0,99120,990 > k_=0,991

after substituting into equations (6.61) and (6.62)

38,69 386,93
—————+ (,925- —=(,022+ 0,63=0,65< 1,0
0,57-31584 569,77 ’ ’ " pass
1,0 1,0
38,69 386,93
————+ (0,991-———===0,019+ 0,673=0,692< 1
0,63-3158,4 ’ 569,77 ’ ’ ’ pass
1,0 1,0
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Combined stability check in case of bending and axial compression - alternative method 2

Item name Symbaol Value Unit Reference
M.y -386,93 kNm Table B.3
My 433,32 kNm Table B.3
Wy 0.97 - Table B.3
Oey -0.80 - Table B3
Crny 0.9 -
Mz -386,93 kNm Table B.3
M: 2z 0,00 kNm Table B.3
Wy 1,00 - Table B.3
[+ g 0,00 - Table B.3
Crmz 1,00 -
MaLr -386,93 kNm Table B.3
Me it -121,89 kNm Table B.3
Wer -0,25 - Table B.3
Oz o7 0.32 - Table B.3
CrLt 0.45 -
by 0,93 -
0,52 -
bizy 0,99 -
1,03 -
Meg -38,69 kN 6.3.3(4)
My ga 386,93 kNm 6.3.3(4)
Mzgq 0.00 kNm 6.3.3(4)
Mrk 315840 kN 6.3.3(4)
My mx 853,30 kNm 6.3.3(4)
Mz rk 94,00 kNm 6.3.3(4)
Utilization uc 65,03 % 6.3.3(4)(6.61)
Utilization uc 69,24 o 6.3.3(4) (6.62)
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4. Fire resistance of welded box section

Example was prepared according to [5].

Introduction

YYYYYYYYYYVYYYYYYYYYYYYY &/
£ JAY

) 35.0 m l
| I
Figure 1: Static system
Figure 2: Cross-section
Basic data
Cross- section:
Steel grade: S 355
Yield stress: fy =355 N/mm?
Height: h =700 mm
Height of web hw =650 mm
Width: b =450 mm
Thickness of flange: tf =25 mm
Thickness of web: tw =25mm

Cross-sectional area of the flange: Af = 11250 mm?

Cross-sectional area of the web: Aw =16250 mm?
Specific heat: ca =600J/(kgK)
Density: pa = 7850 kg/m?
Emissivity of the beam: em =0,7

Emissivity of the fire: er =1,0
Configuration factor o =10
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Worked examples - Idea Steel 4.0 SHUCarM S0
Coefficient of heat transfer: oc =25,0 WmPK
Stephan Boltzmann constant: ¢ = 5,67 x 10—8 W/m?K
BoxFI700x(450/450) d
Symbaol Value Unit
Material 1 5 355
Material 2 5 3565 ARD
Material 3 5 355
- ,—JL—|
Material 4 5 355 )3
A 55000 [mm?] |
I 3708333333 | [mm’| ol o '
| e | e e )
b 1523052333 [mm*] ~| @ :
I 3051060268 [mm?] :
lw 0 [mms]
Wer 10595238 [mm?]
Wy 6773148 [mm?]
Wi 12875000 [mm?]
Wiy 2625000 [mm?]
Loads:
Permanent actions:
Beam: gak = 4,32kN/m
Roof: grk = 5,0 kN/m
Variable actions:
Snow: ps,k = 11,25 kN/m
Combinations:
EdA:E(Z Gk+Ad+Z wz,i'Qk, i)
The combination factor for snow loads is  W,,=0,0
Name W Type Evaluation Self Weight | stfecha | snih
LS fire ULS Fundam = | |Linear * | R 1 1 ]
SLSC SLS Char * | Code | | 1 1 1

Internal forces
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1 t — 1 2
\ _ /
™
=
<
! 17,50 m J 17,50 m }
35,00 m L

Bending moment My, Combination ULS fire

Calculation of the steel temperature

The temperature increase of steel section is calculated to:

AV
AD 1=k - ——h

Cd‘ pa

At

net ,d

where:
k., is the correction factor for shadow effect ( k, =1,0),
At is the time interval (5 seconds)
¢, 1s the specific heat (J/kgK), dependant on steel temperature (EN1993-1-2 §3.4.1.2)
A, 1V is section factor for unprotected member

In our case:
(0,45.2+0,025.8+0,65.2)
0,055

(Note: there is used simplified formula 1/t in example [5], which results to little difference in
calculated cross-section temperature)

A V= =43,64

The net heat flux is calculated according to EN 1991 Part 1-2:
Boe= 0 (0,0, )+® ¢,,.¢,. 0 (0,+273)*~(6,+273))
hoo=25.(0,6,)+1,0.0,7.1,0.5,67.107((6,+273)* (8, +273)*

The standard temperature-time curve
0,=20+345.log ,(8.t+1)
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Calculation of cross-section temperature

| t 8y Pinst,r Pinetc Pnet.s Cs 85

[s] [°Cl [Wim?] [Wim®] [Wim?] [kJi{kg.K)] (|
0 0 0 20,00 0,00 0,00 0,00 0.4398 20,00
0 5 5 05,54 447 63 1913,45 2361,07 0.4398 20,00
0 10 10 146,95 941,33 170,22 4111,60 0.4399 20,14
0 15 15 184,61 1446,32 410537 555169 0,4401 20,39
0 20 20 214 67 1949 47 4348 64 6798 11 0.4403 20,73
28 45 1785 840,55 3293085 4007 42 3783827 0.8047 644,25
28 50 1790 840,96 3286863 4386 54 37755,16 08066 645,50
29 55 1795 841,38 32806,32 4385,77 37672,09 0,8085 646,75
30 0 1800 841,80 3274394 4345 12 3758006 0.8105 547,99
30 5 1805 842 21 32681,50 4324 58 37506,09 08125 649,23

—  — (Gass temperatured g t
Calculation of cross-section temperature
Item name Symbol Value Unit = Reference

Protection type Mot protected
Cross-section temperature Bay 647,99 *C 425
Reduction factor for effective vield strength ky.a 0,35 - 321
Reduction factor for proportional limit kps 0,13 - 321
Reduction factor for the slope of the linear elastic range kes 0,22 - 321

Cross-section classification
Article 4.2.2
£=0,85v235/ fy=1235/355=0,6916
The upper flange is under compression - internal part
c=b—2t,—2.b, =450—2.25-2.25=350
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clt ,=350/25=14

The limit value for class 1
33¢=33.0,6916=22,8228

Classification of flange: 22,8228>14- Class 1

Web subject to bending
c=h,=650
clt ,=650/25=26

The limit value for class 1
72e=72.0,6916=49,795

Classification of web: 49,795>26-> Class 1

Cross-section is a Class 1

Verification in the strength domain

To calculate the cross-section resistance, the reduction factor &, 4 has to be determined acc.
to exression give in EN 1993-1-2 §4.2.3.3

0, ,=648°C > k,,=0,3548

Bending resistance
Adaptation factors are set to:
K,=1,0
K,=1,0
Design moment resistance is calculated to:

Yumi 1
POYM A KK,

Mﬁ,t,Rd :Mpl,Rd,ZODC'k

1,0 1

M, =(0,012875.355.10°/1.0).0,3548 .—>—. =1621,7kNm
orra = ) 1,0'1,0.1,0
1427,1
UC=—"-=0,88 pass
1621,7 P
Bending moment and Shear check My + V acc. 6.2.8
[tem name Symbaol Value Unit Reference
Section modulus Watmin 12875000 | mm3 | EM1993-1-1:
(6.13)
Design resistance moment M =4 457063 kiWm | EM1893-1-1: 6.2.5
(2]
Design resistance monent of cross-section with Mpn.z.z4 1621,76 kWNm | 4233 (4.8)
uniform temperature
Utilisation uc 8,00 % 6.2.5 (1)
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Verification in the temperature domain

The design moment resistance during fire exposure at the time t=0 is needed to get the
utilization factor.

M i rao=M o g=W 1. f 1Yy 1=0,012875.355.10°/1.0=4570,6 kNm

The utilization factor is calculated using:
Ug=E ; JR,; jo=M ; JJM ; 4y, =1427,2/14570,6=0,312

The critical temperature is given in Table 4.1 of EN 1993-1-2 as
0, ,=657,7°C

_ 648

ve= 657,7

=0,985 pass

Note: There have to be set the Calculation model to "Temperature time domain'

4 EMN1993-1-2 Structural fire design

y MB

1

Calculation model Temperature time domain -

Bending moment and Shear check My + V at time t =0

Item name Symbol Value Unit Reference
Section modulus Wotmin 12875000 | mm3 | EN1993-1-1:
{6.13)
Design resistance moment Mz zq 4570,63 kMm | EN1993-1-1:6.2.5
(2)
Design resistance monent of cross-section with Mn.z,74 4570,63 kMm | 423.3(4.8)
uniform temperature
Utilisation uc 31,23 % 6251
Calculation of cross-section temperature
Item name Symbaol Value Unit Reference
Cross-section temperatura Bat 647,99 *C 425
g 31,23 Ua 42.4(423)
Ba cr 657,70 *C 42.4(422)
Utilisation uc 98,52 Ua 424
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5. Fire design of an unprotected IPE section beamexposed to the
standard time temperature curve

The example was prepared according to [6].

Introduction

A beam made of hot-rolled IPE section is a part of the floor structure of an
office building. The beam is loaded uniformly and restrained against lateral
torsional buckling by a concrete slab. The beam is design to achieve a fire
resistance rating of R15.

[T &

| | =74m L

A 1
Figure 1: Static system

Basic data

Material properties

Steel grade: 8275

Yield stress: S = 275 N/'mm?
Density: e = 7850 kg/m?
Loads

Permanent action;
g = 4 8KkN/m

Variable action:

g = T8KkN/m
Partial safety factors

=135

0 =1,50

o = 1,00

s = 1,00
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IPE300
Symbaol Value Unit
Material 5275
A 5381 [mm] z
ly 23560000 [mm¢] p= =
Iy 6032000 [mm*]
h 201200 [mm*]
[=1 =] Y
Iy 127219092178 [mm®] = r‘.,-G TR -
Way 557100 [mm?] |
Wiy 20500 [mms] [
Wity 628000 [mm©] = 150
Wi 125200 [mm?]

Internal forces

Internal forces of combination for the fire situation
EdA:E(z Gk+Ad+z wz,i'Qk,i)
The combination factor ,,=0,3 for office buildings

Combinations | &« | Delete all

MName Y | Type Evaluation Self Weic| G Q
ULS Fundame |ULS Fundam = | Code (6.10) ~| & 0 1 1
SLSC SLS Char > | | Code | ® 0 1 1

> fire [ULS Acciden ~ | [Linear - %l o 1 03
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[> T j26.42
[A]

2

-26.4

,]r 740 m J(

Shear force Vz diagram

Jf 3,70 m — 3,70 m J,

Bending moment My diagram

Cross-section temperature calculation

The standard temperature-time curve is used for the gas temperature
0,=20+345.10g,,(8.t+1)

Section factor

A, _3b+2(h—tw—4r)+2nr _3.150+2(300—7,1-4.15)+2 m.15 — 188"
Vo A B 5381 B

Correction factor for shadow effect

b+2h 150+2.300
A 5381
0,188 =0.9 0,188

~ (A,,,/V ) B B
k,=0,9 | =0,9 =0,9.0,741=0,667

(Am/ v

The increase of temperature of steel section is calculated using an incremental calculation
procedure to determine the increase in steel temperature given in EN1993-1-2 by the
following equation:

A,V

C,P

a a

AB, . t=k, h, ;AL

net,d.

Time interval Af=5sec is used in the tempearture calculation.

Code settings:
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Fire exposion

Type of protection

Temperature curve

Calculation of cross-section temperature

Standard curve

—r o t By Mnetr Rnet.c Ninat.a Ca Ba
[s] [°Cl Wim?] Wim?] [Wim?] [kJ/(kg.K)] [C
0 0 0 20,00 0,00 0,00 0,00 0.4398 20,00
0 5 5 96,54 447 63 1913 45 2361.07 0.4398 20,00
0 10 10 146,95 940,23 3163,08 4103,31 0,4401 20,43
0 15 15 184,61 144317 408582 552900 0.4406 21,17
0 20 20 214,67 194360 4812 43 6726.03 0.4413 2218
14 45 885 736,06 17300,52 321582 20516,44 0.7656 607,43
14 50 890 736,90 17204,39 318332 2038771 0.7672 609,57
14 a5 295 737,73 17108, 11 3151,05 2025816 0, 7689 611,69
15 0 900 738,56 17011,74 311812 20130386 0.7707 613,80
15 5 905 739,38 16915,30 3087 52 20002,83 07725 615,88
g
— Cross-zection temperature 6 at
— e — [5ass temperature © gt
The reduction factor &, o for the steel temperature 6,=614°C is:
k, ,=0,436
Calculation of cross-section temperature
Item name Symbaol Value Unit = Reference
Protection type Mot protected
Cross-section temperatura Ba 613,80 *C 425
Reduction factor for effective vield strength Kya 0,44 - 321
Reduction factor for proportional limit Kp g 017 - 321
Reduction factor for the slope of the linear elastic range kes 0,29 - 321

Clasification
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Article 4.2.2
£=0,85v235/ £7=0,85.1/235/275=0,786

The upper flange is under compression - internal part
c=(b—t,—2r)/2=(150—7,1-2.15)/2=56,45
clt,=56,45/10,7=5,275

The limit value for class 1
9£=9.0,786=7,072

Classification of flange: 7,07>5,28= Class 1

Web subject to bending
c=h—2t,—2r=300—-2-10,7—2-15=248,6 mm
clt,=248,6/7,1=35,01

The limit value for class 1
72e=72.0,786=56,6

Classification of web: 56,6>35,012> Class 1
Cross-section is a Class 1

Cross-section classification acc. to 4.2.2

a1 a2 1] a cit CL1 CL2 CL3 Class
[MPa] [MPa] [ L1 [] [ [ [
Web -275,00 27500 | 1,00 | 050 | 3501 | 56,57 | @522 | 9706 | 1
Left top flange -275,00 | -275.00 1,00 | 1,00 528 .07 786 | 11,00 | 1
Rignht top flange -275,00 | -275.00 1,00 | 1,00 528 7,07 786 | 11,00 | 1
Left bottom flange 275,00 275,00 0,00 0,00 528 0,00 0.00 0,00 |1
Right bottom flange 275,00 275,00 0,00 | 0,00 5.28 0,00 0.00 0,00 | 1

Verification in the strength domain

To calculate the cross-section resistance, the reduction factor &, ¢ has to be determined acc.
to exression give in EN 1993-1-2 §4.2.3.3

0, ,=613,8°C > k,,=0436

Bending resistance
Adaptation factor
Kk,=0,7
is used for an unprotected beam exposed to fire on three sides and the adaptation factor
K,=1,0

is used for a simply supported beam.
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Design moment resistance at temperature 614°C is given by:

Y i 1

M =M k ~——
fi.t,Rd pl,Rd 20°C "™ y,0" y .t
M, fi Kl'K2

1,0 1
M, =(0,000628.275.10°/1.0).0,436 .—>— .————=107,57 kNm
fooma = ) 1,0°0,7.1,0
48,87
UC=—"-—-=0,454 pass
107,57 P
Bending moment and Shear check My + V acc. 6.2.8
[tem name Symbol = Value Unit Reference
Section modulus Wimin 628000 | mm3 | EN1993-1-1:
(6.13)
Design resistance moment M ra 17270 | kNm | EM1993-1-1:6.2.5
(2
Design resistance monent of cross-section with uniform Mnz R 75,45 kWNm | 4.2.3.3(4.8)
temperature
Adaptation factor for non-uniform temperature across the | K 0,70 - 42330
cross-section
Adaptation factor for non-uniform temperature along the K 1.00 - 423308
member
Design resistance moment of cross-section with non- Mn1.7q 107,79 | kMm | 4233 (410)
uniform tempearture
Utilisation uc 45 34 % 6.2.5(1)
Shear resistance
The design shear resistance is given by:
A 2569%275
Vo ra=k, e_V;fy:O,436._—:177,84kN
" 3y V3.1,0
26,42
UC=—-—-=0,1485 pass
177,84 p
Shear force check Vz
Item name Symbaol Value | Unit Reference
Design plastic shear resistance Vi, 7q 40788 | kN 6.2.8(2)
Design shear resistance at maximum steel temperature 8a Vir=a 17820 | kN 4233(416)
Design plastic shear resistance reduced by Torsion Vet Re 178,20 | kN G.2.7(9)
Utilization uc 14,82 % 6.2.6(1)
Item name Symbol Value Unit Reference
Shear reduction 4] 0,00 - 6.28 (3.4
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6. Fire design of protected HEB section column

The example was prepared acc. to [7].

Introduction

The column, fabricated from a hot-rolled HEB section, supports two floors and is fire
protected with sprayed vermiculite cement. The required period of fire resistance is R 90.

Rl:d ql _\T

‘ L=35m
Reg TR)—

L=33m
& [~
Figure 1: Static system

HE 150 B

Basic data

Material properties

Steel grade: 8 355

Yield stress:  f, = 355 N/mm?

Density: Pa = 1850 kg/m?

Loads

Reaction at each floor level due to permanent actions:
Rgx = 18B5kN

Reaction at each floor level due to variable actions:
Rox = 175kN
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Partial safety factors
1w6=135
w=1,50
i = 1,00

Data for fire calculation

Material properties of fire protection— sprayed vermiculite cement
thickness dy, = 20 mm

density p, = 550 kgm'3

specific heat ¢, = 1100 Jkg 'K

thermal conductivity 4, = 0,12 Wm 'K’

Mechanical actions for fire design situation
Internal forces of combination for the fire situation
EdAzE(Z Gk+Ad+Z Wz,,-'Qk,i)
The combination factor {,;=0,3 for office buildings

Combinations | <= | Deleteall

MName W Type Evaluation Self Weic| LC1 LC2

Fire ULS Acciden = |  Envelope - (|90 1 03

— Dy

FiES.00

7.00m

475,00

Normal forces N [kN]

Cross-section temperature
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The section factor of protected member is calculated as follows:

A, _2b+2h—4r+2(b—tw—2r)+2nr _4.180—4.15+2(180—8,5-2.15)+2.7.15
Vo A B 6525
4,
4

=0,159mm '=159m™"

Evaluartion of the section parameter AV

The increase of temperature of the steel section is calculated by step-by-step
procedure using;

A, ANV E'I _H-ul. L

A9 =lo el e T Tw g (oM _1yAg but A6, 20

: dp C, By 1+ i : .

3

where

C A
L, d, <t

Ca Py V

Time interval Ar = 30 sec 1s used in the temperature calculation.

Calculation of cross-section temperature

) t 3] Ca B2
min see [s] [°C] [kJ/(kg.K)] e [°C]

0 0 0 20,00 04393 0,557 20,00
0 30 30 261,14 04398 0557 20,00
1 0 G0 349 21 04393 0,557 20,00
1 30 90 404,31 0,4393 0,557 20,00
2 0 120 444 &0 04398 0557 20,00
aa 30 5310 100347 0,704 0,343 54539
] 0 5340 100432 0,706 0347 547 48
a9 30 5370 1005.15 07079 0,348 549 56
90 0 5400 100599 07093 0,345 551,64
90 30 5430 1006 82 07117 0344 553,70
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[C]
1000,0-

500,0-

0,0

 _  __Gass temperature 89t
Calculation of cross-section temperature
Item name Symbaol Value Unit Reference
Protection type Spray
Cross-section temperature Bay 551,64 *C 425
Reduction factor for effective yield strength Ky 0,62 - 321
Reduction factor for proportional limit kps 0,27 - 321
Reduction factor for the slope of the linear elastic range Keg 0,45 - 321

Flexural buckling

Provided that the column forms part of a braced frame and the fire resistance of the concrete
slab separating the floors is not less than the fire resistance of the column the buckling length
is reduced to

L i =07-L=07-35=245m

ery i = Lorafi
The critical buckling load at normal temperature

_mE._x.210000.13630000

e . =4706,3 kN
L. 2450

|4

x:\/ fy:\/ 6525355 _ 7016
N, 14706,3.10

The non-dimensional slenderness at temperature 9, is

- - |k 0,62
Ag=h —M:0,7016.\/ == =0,824
0 \/kﬂe 0,45

0=0,65+235/f ,=0,65.v/235/355=0,53
¢, 0=0,5(1+ah, o+A, ,*)=0,5.(1+0,53.0,824+0,824%)=1,058
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1 B 1
6.+ 9 =0 1,058+11,058°—0,824°

Yo, = =0,581

The design resistance at temperature 6 a = 551,64 °C is given by:
Ny vora=X: 1 AK, o f ¥y ,=0,581.6525.0,62.355/1,0=834,4kN

Utilisation:
475
UC—834’4—0,569
Flexural buckling check
Item name Symbol Value Y-Y Value Z-7 Unit Reference
Reduction factor ¥n 0,76 0,58 - 4232(2)
Slendernass hg 0,49 0,82 - 4232(2
Slenderness A 0,42 0,70 - EM1993-1-1:6.3.1.2 (1)
Imperfection factor a 0,53 0,53 - 4232(2)
Buckling factor k 0,70 0,70 -
Critical length Lar 2,45 2,45 m EM1993-1-1:6.3.1.3 (1)
Critical force M 1322815 4708,33 kN EN1993-1-1:6.3.1.2 (1)
Resistance force Mot ro 1089, 66 83548 kM 4232(1)
Utilization uc 4359 56,85 % 4232
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