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Part 8: Design Software — Section Capacity

FOREWORD

This publication is part eight of the design guide, Multi-Storey Steel Buildings.

The 10 parts in the Multi-Storey Steel Buildings guide are:

Part 1:  Architect’s guide

Part 2:  Concept design

Part3:  Actions

Part4: Detailed design

Part 5:  Joint design

Part 6:  Fire Engineering

Part 7:  Model construction specification

Part 8:  Design software — section capacity

Part 9:  Design software — simple connections

Part 10: Software specification for composite beams.

Multi-Storey Steel Buildings is one of two design guides. The second design guide is
Single-Storey Steel Buildings.

The two design guides have been produced in the framework of the European project
“Facilitating the market development for sections in industrial halls and low rise
buildings (SECHALOQO) RFS2-CT-2008-0030".

The design guides have been prepared under the direction of Arcelor Mittal, Peiner

Trédger and Corus. The technical content has been prepared by CTICM and SCI,
collaborating as the Steel Alliance.
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Part 8: Design Software — Section Capacity

b=291.7 mm
tf = 18.8 mm
tw= 14 mm

176 kgim

Figure 3.3 Bending worksheet

05072 = 013 <10
553

+ ﬂ_m—a = 049 < 10
553

Figure 3.4 N-M worksheet



Part 8: Design Software — Section Capacity

Figure 3.5 Tension worksheet

b =220 mm
t=17.5mm
108 kg/m

Figure 3.6 Compression worksheet



Part 8: Design Software — Section Capacity

Figure 3.8 Compare worksheet



Part 8: Design Software — Section Capacity



Part 8: Design Software — Section Capacity

APPENDIX A Worked Examples

The worked examples show the design procedure used by the member
resistance calculator for members in multi-storey building according to the
Eurocodes.

The worked examples cover different type of designs:

1.

A

Bending moment resistance

Combined axial force and bending moment (N-M interaction)
Tension resistance

Compression resistance

Web resistance



Worked Example 1:

Steel Bending moment resistance

Alliance

Sc

1 of 2

Made by czT

Date 02/2010

Calculation sheet
Checked by ENM

Date (02/2010

1. Bending moment resistance

This example presents the method used in the member resistance calculator for
calculating the bending moment resistance, adopting the recommended values
of EN 1993-1-1.

Section: IPE 500
Steel grade: S355

L =3,8m

1.1. Cross-section classification
1.1.1. The web

¢ _ 426 _ 41,8

t, 10,2

The limit for Class 1 is : 72¢ =72 x 0,81 = 58,3
Then: - =41,8<583

tW

— The web is class 1.

1.1.2. The flange
i = @: 4’6
ts 16

The limit for Class 1is: 9¢ =9 x0,81=7,3

Then: £ =46<83
tf

— The flange is Class 1

Therefore the section is Class 1. The verification of the member will be based
on the plastic resistance of the cross-section.

1.2. Lateral-torsional buckling resistance, My gq
444 KNm
k 3800 %
V,:L:o —C, =1,77
444

References are to
EN 1993-1-1
unless otherwise
stated

Table 5.2
(Sheet 1)

Table 5.2
(Sheet 2)

Appendix C of
Single-Storey
Steel Building,
Part 4




Title Worked Example: Bending moment resistance 2 of 2
x*El, |I, L’GI
My =C —= |7 +——
L I, x%EI,
72 x210000x2142x10* Appendix C of
=1,77x > Single-Storey
3800 Steel Building,
5 5 2 Part 4
X\/ 124910 3800° x81000x89,3x10
2142x10* 7% x210000x2142x10*
M, = 1556 x 10° Nmm
_ W 3 §6.3.2.2
v \/ oy \/2194><10 <355 _ 708
M. 1556x10
For hot rolled sections §6.3.2.3
dr = 0,5[1+0£LT (ZLT —ZLT,O )+ ﬁZLTz ]
Aro=04 and B =075
h Table 6.3
P 2,5 Table 6.5
— Curve ¢ for hot rolled I sections
—> LT = 0,49
dir= 0,5[1 +0,49(0,708-0,4)+0,75x0,708> ] =0,763
1 §6.3.2.3

AT =

¢LT+\/¢LT2 _IB/_ILTZ
1
LT = =0,822
0,763++/0,763% —0,75% 0,708
1
10,7082

=1,99

Therefore yr 1= 0,822
f=1-0,5(1-4k)[1-2,0 (ZLT —0,8)2]

1 1

= = =0,75
1,33+0,33y  133+0,33x0

C

£=1-0,5(1-0,75)[1 2,0 (0,708 — 0,8)*] = 0,877

Xir 0,822 _0
f 0,877

XLT mod —

2

ZuWoy Sy _ 0.937x2194x10°x355
7M1 1,0

Myra=

107 =730 kNm




] Worked Example 2: Combined axial force and
S a Steel bending moment (N-M Interaction)
( Alliance

1 of 5

Made by czT

Date 02/2010

Calculation sheet
Checked by ENM

Date 02/2010

1. Combined axial force and bending moment

This example presents the method used in the member resistance calculator
for calculating the out-of-plane buckling resistance and in-plane buckling
resistance, adopting the recommended values of EN 1993-1-1.

Section: IPE 450

Steel grade: S355

Npa=127 kN

My gq = 356 kNm (bending moment constant along the beam)
M;rq=0kNm

Ly=L,=Lir=L;:=17m

1.1. Cross-section classification
1.1.1. Theweb

€388 _ 403

t, 9,4

go— Ve _ 127000
N

S, f,  9,4x355

_ d, +dy _ 378,8+38
2d,, 2x378,8

a =0,55 > 0,50

3965 _ 396x0.81 _

The limit between Class 1 and Class 2 is : = =
13a—1 13x0,55-1

Then: < =40,3<52,1
t

w

— The web is class 1.

1.1.2. The flange

993,
. 14,6

The limit between Class 1 and Class 2is: 9¢=9 x 0,81 =7,3

Then : ti =47<73
;

— The flange is Class 1

Therefore, the section is Class 1. The verification of the member will be based
on the plastic resistance of the cross-section.

References are to
EN 1993-1-1
unless otherwise
stated

Table 5.2
(Sheet 1)

Table 5.2
(Sheet 2)




Title Worked_ExampIe: Axial compression and bending interaction (N-M 5 of 5
Interaction)
1.2. Buckling verification
The buckling checks due to the interaction of axial compression and bending | Expressions
moment are carried out using expressions 6.61 and 6.62 from EN 1993-1-1.  |(6.61) and (6.62)
N M gy +AM M, g +AM
Ed n kyy y,Ed y,Ed n kyz LEd LEd < 1’0
zyNRk My,Rk Mz,Rk
Y AN
7w 7w ¥ mi
N4 vk, M gy +AM gy ik, M gy +AM gy <1.0
ZZNRk My,Rk Mz,Rk
XLt
VM VM 7w
These expressions can be simplified as follows:
AM |y =0and AM ,; =0 for Class 1, Class 2 and Class 3 sections.
Mz,Ed: 0
Therefore expressions (6.61) and (6.62) can be written as:
M M
Nea g 0B <10 and VB4 08 g
Nb,y,Rd Mb,Rd Nb,z,Rd Mb,Rd
1.3. Equation 6.61 (EN 1993-1-1)
1.3.1. Flexural buckling resistance about the major axis, Npy rd
h_30 55,
b 190
tr=14,6 mm
buckling about y-y axis: Table 6.1
. Table 6.2
— Curve a for hot rolled I sections
— oy =0,21
§6.3.1.3
P a—— E /210000_764
fy 355
- L
Ay = Lo 1 —1700 — =0,12
i, 4 185 76,4
4 =05[1+a, (2, -0.2)+2,7] §63.12
4 =0,5[1+0,21(0,12-0,2)+0,12> | =0,50
1 1
Xy = — = - = = 1,0
y + /¢y2 _,1y2 0,50+4/0,50% - 0,12




Worked Example: Axial compression and bending interaction (N-M

Titte Interaction) 3 of 5
A
Noyra= 22 fy _ 10x9880x355 | 5 oo
M1 1,0
Ngg =127 kKN <3507 kN OK
1.3.2. Lateral-torsional buckling resistance for bending, My rd
In order to determine the critical moment of the rafter, the C; factor takes
account of the shape of the bending moment diagram.
In this case the bending moment diagram is constant along the segment in .
consideration, so = 1,0. Therefore: Appendix C of
Single-Storey
—>C, =10 Steel Building,
Part 4
2 2
M, = C, 7[_];3]2 I—W—i- L I, Appendix C of
L I, 7n°El, Single-Storey
Steel Building,
_ 1 0x % X210000x1676x10* Part 4
’ 17002
X\/ 791x10°  1700° x81000x 66,910
1676x10*  7° x210000x1676x10"
M =2733 x 10° Nmm
_ Woyfy  [1702x10° x355 363.2.2
A LT = = = 0,470
M., 2733%10°
it =O,5[l+aLT (/_1LT —ELT,O )+,BZLT2 ] 36.3.23
Airo = 0,4 and B=0,75
h =2,37
b
— Curve ¢ for hot rolled I sections
. Table 6.3
— ar=0,49 Table 6.5
ir =0,5[1+0,49(0,470-0,4)+0,75x 0,470 | =0,60
1 §6.3.2.3
ALT = 2 - 2
Prr +\/¢LT —pAr
1
AT = =0,961
0,60++/0,60% —0,75x0,470°
_12 = ! > =453
Air 0,470

Therefore yi1 = 0,961




Worked Example: Axial compression and bending interaction (N-M

4 of 5

4, =0.5[1+a,(2,-02)+72.° ]

¢, =0,5[1+0,34(0,540-0,2)+0,540 | =0,704

Titte Interaction)
W 3
Miygg= 20 my Sy _ 0,961x1702x10° x355 o o0y
7 mi 1,0
Mgq=356 kKNm < 581 kNm OK
1.3.3. Interaction of axial force and bending moment
The interaction factor, &y, is calculated as follows:
— N N
kyy = min| Cpy | 1+(Zy —0,2)—E |y | 140,8——E
Nb,y,Rd Nb,y,Rd
The expression for Cr,y depends on the values of o, and . Annex B Table
B3
v =1,0.
Therefore Cpy is calculated as:
Ciny=0,6+04y=04+04x1,0=1,0
127 127 Annex B
kyy = min| 1,0| 1+(0,12—-0,2 11,0+0,8——
vy { [ ( )3507j ( 3507 ﬂ Table B.2
=min [0,997; 1,029] = 0,997
N M
B g, B 13T 6997390 _g647<10 OK
N,y.rd Myrq 3507 581
The member satisfies the in-plane buckling check.
1.4. Expression 6.62 (EN 1993-1-1)
1.4.1. Flexural buckling resistance about minor axis bending,
Nb 2 Rd
h 450 _ _237
b 190
tr= 14,6 mm
buckling about z-z axis Table 6.1
. Table 6.2
— Curve b for hot rolled I sections
§6.3.1.3
_ /210000 — 76.4
355
7, b L1001
i, 4, 41,2 76,4
§6.3.1.2




Worked Example: Axial compression and bending interaction (N-M

Title Interaction) 5 of 5
X = ! = ! =0,865
6,482 —2,%  0,704+,/0,7047 —0,540°
,A
Nopra =% fy _ 0,865x9880x355 i Loiiin
Ymi 1,0
Nk =127 kN <3034 kN OK
1.4.2. Interaction of axial force and bending moment §6.3.3(4)
The interaction factor, k,y is calculated as follows:
For A, > 0,4 :
0,112 NEd 051 NEd
ks = max| | 1- ;| 1=
(Couir =0.25) Ny, o (Coir =0.,25) Ny, o
The bending moment is linear and constant. Therefore Cy,.r is 1,0. Annex B Table
B.3
0,1x0,540 127 0,1 127 Annex B Table
kzy = max||1- ;| 1- B.2
(1-0,25) 3034 (1-0,25)3034

= max (0,997, 0,994) = 0,997

N M
B g, B 12746 997390 _g653<1,0 OK
Noora  ~ Mygs 3034 581




bq (a] Steel Worked Example 3: Tension Resistance

Alliance

1 of 1

Made by czT

Date 02/2010

Calculation sheet

Checked by ENM

Date 02/2010

1. Tension Resistance

This example presents the method used in the member resistance calculator
for calculating the tension resistance, adopting the recommended values of the

EN 1993-1-8.

Section: L 120 x 80 x 12

Steel grade: S235

Area: A = 2270 mm®

Bolts: M20, grade 8.8

Spacing between bolts p; =70 mm
Total number of bolts  n =

Diameter of the holes dy =22 mm

Partial safety factors

Mo =10

M2 = 1,25 (for shear resistance of bolts)
1.2. Anglein tension

— ﬂSAnetfu

Vw2

NRd

25dy =2,5%x22=55mm
5 dp =5x%x22=110 mm
2,5 dy <p1<5d0

5 can be determined by linear interpolation:

Therefore f; =0,59

A = A—t,.dy =2270-12x22 = 2006 mm?
Ny = 0’59xf02056><360 x107 =341 kN

References are to
EN 1993-1-8
unless otherwise
stated

§3.10.3

Table 3.8




bq (a] Steel Worked Example 4: Compression Resistance

1 of 3

Alliance
Made by czT

Date 02/2010

Calculation sheet
Checked by ENM

Date 02/2010

1. Compression Resistance

This example presents the method used in the member resistance calculator
for calculating the flexural and the torsional buckling resistance of members
subject to pure compression, adopting the recommended values of

EN 1993-1-1.

Section: IPE 500
Steel grade: S235
Ly=3,8m
L,=38m

1.1. Cross-section classification
1.1.1. Theweb

o 46,
t, 10,2

The limit between Class 3 and Class 4 is : 426 =42 x 1,0 =42

Then : -~ =418 <42
t

w

— The web is class 3.

1.1.2. The flange
¢ _ 73,9:

te 16
The limit between Class 1 and Class 21is:9¢=9x 1,0=9

4,6

Then: £ =4,6<9
Ly

— The flange is Class 1.

Therefore the section is Class 3.

1.2. Flexural buckling resistance about the major axis,

Nb.y,Rd
Ly,=3,8m
h_S00
b 200
tr= 16 mm

Buckling about y-y axis:

References are to
EN 1993-1-1
unless otherwise
stated

Table 5.2
(Sheet 1)

Table 5.2
(Sheet 2)




Title Worked Example: Compression Resistance

— Curve a for hot rolled I sections

— =021

M= L= n\/ZIOOOO =939
2 235

Ay _ L, 1 _ 3800 1 =0,198

b= 0.5[1+a, (2, -0,2)+ 1,7 ]

d=0,5[1+0,21(0,198-0,2)+0,198% | =0,519
1 1

Z = — = = 1,0
’ b, +8, - Ay0  0519+0,519% ~0,198°
A
Noyrd = 1Ay LOXI1600x235 10 — 2726 kN

Vv 1,0

1.3. Flexural buckling resistance about the minor
axis, Ny rd

L,=38m
h_500
b 200

tr= 16 mm

2,5

Buckling about z-z axis:

— Curve b for hot rolled I sections

— a,=0.21

d= E _ n\/210000 _ 93,9
1, 235

L

T el 3800 1,

i, A, 431 939

4= 051+ a, (1, —02)+ 2.7
¢, = 0,5[1+0,34(0,.94 - 0,2)+ 0,94 | = 1,07
= 1 _ 1

b, +8) 27 L07+L07° —094°

2 =0,632

A 0,632x11600x235
7 mi 1,0

Nozrd = 10 = 1723 kN

Table 6.2
Table 6.1

§6.3.13

§6.3.1.2

Table 6.1
Table 6.2

§6.3.1.3

§6.3.1.2




Title Worked Example: Compression Resistance

of

1.4. Torsional buckling N 1 Rrd
Lr=3,8m

1 (=° El,

1y T

i) =it +i, =204%+ 43,17 =43474

Ner =

1 (72?%x210000x1249x10°
43474 3800°

~ |4

To= |4y _ /11600x2335 0,686
Nex 578710

$r=05[1+ar(Ar-02)+ Ar]

The buckling curve for torsional buckling is the same as for minor axis
buckling, therefore choose buckling curve b

+81000x 89,3x104] x 10 = 5787 kN

o, = 0,34
¢r=0,5 (1+0,34 (0,686 - 0,2) + 0,686’ = 0,818
1 1
= = =0,791
p+rp> -2 0818+40,818 —0,686
X Af
Norga= 2 0791x11600x235 |05 o561

Y mi 1,0




q ) Worked Example 5: Web Resistance
b ( Steel

1 of 2

Alliance
Made by czT

Date 02/2010

Calculation sheet

Checked by ENM

Date 02/2010

1. Web Resistance

This example presents the method used in the member resistance calculator
for calculating the web resistance and the shear resistance, adopting the
recommended values of the EN 1993-1-5 and EN 1993-1-1.

Section: IPE 500
Steel grade: S355
c =10 mm

S =100 mm

1.1. Shear resistance

In the absence of torsion, the shear plastic resistance depends on the shear
area, which is given by:

Ay =A-2bt;+(tw+271) t¢
A, = 11600 — 2 x 200 x 16 + (10,2 + 2 x 21) x 16 = 6035 mm”
_ Ay 6035%x355%10°°

B \/EyMO \/EXI:O

Vpl,Rd = 1237 kN

= 1237 kN

1.2. Design resistance to local buckling

c =10 mm
S =100 mm
m =220 194
t, 10,2
h 2
my =0,02 [t—wj if Ay >0,5
f
s =0 if 1r <0,5

First assume that Ar > 0,5

2
- = 0,02 (@J ~ 17,11
16
N 2
ke =2+6(Ssh CJ but kp < 6
N 4 g (10010
468

EN 1993-1-1
§6.2.6 (3)

EN 1993-1-1
§6.2.6(2)




Title Worked Example: Web Resistance and Shear Resistance 2 of 2

kg =341<6
kBt EN 1993-1-5
Le = v but<ss+c Eq (6.13)
2fy hy
2
(o  =2ADE0000XI0E _ory <100+ 10=110
2x355x468

therefore £, = 110

Lo =5t 24 (14 fm +my )= 100+ 2 x 16(1+ 19,6 117,11 )= 325 mm | EN 1993-1-5

Eq(6.10)
PRt o6 (1107 EN 1993-1-5
Ly =lette || 2o |, = 110+ 16,2 +(—j +17,11 Eq(6.11)
2 ¢ 2 16
=248 mm
ly3 =L+ tr AJm +m, =110+ 164/19,6+17,22 =207 mm EN(16919§)-1-5
q (0.
ty =min ({y1; {y; €y3) = min (325; 248; 207) = 207 mm
t)’ 10,2°
Fo =0,9 kg E2—=0.9 x 3,41 x 210000 x —— = 1461406 N
h, 468
_ 0t
7. = Dty :\/207x10,2x355 072
F, 1461406
Ar =0,72>0,5

Therefore the initial assumption was correct and the web resistance can be
calculated based on this value of 4. Should the calculated value of A be less
than 0,5 then the calculation would need to be carried out again, using the
appropriate expression for M,

AN %FS B 0(?;52 =069

XF =0,69

Lesr =xrly

Ler  =0,69 x 207 = 143 mm

Fo =D larts  355x143x102 oo 512219(?)315
Vi 1,0






