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MULTI-STOREY STEEL CAR PARK DESIGN

Abstract

This thesis deals with design of multi-storey steel carpark which is planned for Prague. The
structure has four storey , 12.6 meters height, 34 meters width and 111 meters long.

The steel framework is analysed in SCIA software. All hand calculations have been
programmed in Python language by author and displayed in readable form in Jupyter
notebook. A snapshot of the Python code is shown in Appendix.
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1.Introduction

Multi-storey car parks are essential buildings for cities with high population and for places
that people gathered commonly such that train stations, airports, hospitals and shopping
centres.

Car Park structures are often built above ground level as permanent structures however
underground and basement car parking is used where it is necessary.

Steel construction is one of the best solutions to satisfy all the requirements of fine car park
design. Since steel is:

* Ideal for long spans — providing column-free parking space

+ Lightweight — reducing foundation requirements

+ Robust and fire resistant (fire solutions do exist but it is not a subject of this study)
* Fast in construction — particularly relevant where the venue that is to be served is to
remain operational during construction, e.g., retail, stations and hospitals

Easily maintained

*  Vandal resistant

+ Economic.

*

A satisfactory steel car park design should fulfil some major objectives. These are:

Utility or function (strength and serviceability)

Safety (permanence)

Economy (Low maintenance)

Elegance

Easy entry and exit to the car park and the parking stalls
Uncomplicated and logical traffic flow around the car park
Unimpeded movement

Light and airy

¥ K K K K K ¥ ¥

The aim of this study is to present what are the steps for designing multistorey steel carpark
and what is the design process for a given specific geometry of the structure. During
designing process, the calculation is done using an advanced tool called Jupyter notebook.
This tool is based on object-oriented programming language called Python. Procedures and
algorithms were prepared and coded by the author of this thesis. This means that the final
product of this thesis is not only the technical documentation itself but also a set of software
tools that can be utilized in the future. Advanced analyse is obtained by SCIA Engineering
Software, drawings are prepared by using AutoCAD and for 3D illustration TEKLA
Structure.

2. Design Plan

The structural design plan shows us the phases from initial conception to the final plans and
specifications. In this study the phases up to acceptance of structural project is planned, so let
us consider the following list of phases and in detail of first three phases in this study:

A- Initial planning
B- Preliminary design
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C- Final design

a. Analysis

b. Selection and proportioning of elements

c. Drawings, specifications and other contract document
D- Acceptance of project

E- Construction

F- Operation and maintenance

2.1. Initial planning

Initial planning starts with the requirements of the structure. At the stage of initial design, the
geometry of the building, entrance, the capacity of parking space, parking bays and traffic
flow are decided as shown below. In our study, building geometry is 34 meters wide and 111
meters long, traffic flow goes two ways with 90 © angle parking. The parking floors are
sloped for traffic to circulate from one level to another, which is shown in drawings at part 4,
and satisfy the limit for interior ramp located at the middle of the structure. The full capacity
of parking building is 501 vehicles.

34m
Entrance 1M1 m
Figure 2. 1: Building geometry and entrance
I
LT ‘ |
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]
| 1]

Figure 2. 2: Parking slots and traffic flow



The dimensions of large, standard and small size cars are well established and are given by
the Institution of Structural Engineers [1]. According to the table the chosen aisles, parking
angle and stall required at least 16.55 m bin width. The minimum dimensions based on a
standard car, the bin width, the parking angle and stall width are shown in the following
Table 2.1.1.

Effect of varying parking angle on parking bin requirements
Parking angle @ Stall width (m) | Stall width (m) | Aisle width (m)  Bin width (m)

parallel to aisle for stall length

4.80m

45° 2.3 3.25 3.6 13.65

2.4 3.39 13.80

2.5 3.54 13.95

60° 2.3 2.66 ' 4.2 14.85

2.4 277 14.95

2.5 2.89 15.05

75° 2.3 2.38 | 4.98 A 15.45

2.4 2.49 15.50

2.5 2.59 15.55

90° All widths All widths One way aisle 15.60
6.0

90° ‘ All widths All widths . Two way aisle » 16.55
6.95

Table 2.1. 1: Effect of varying parking angle on parking bin requirement

2.2. Preliminary design stage

During the study, linear elastic analysis is assumed. All results are obtained and valid at
elastic range.

The Standards for the material give values for the minimum yield strength (fy) and ultimate
strength(fy); it should be noted that the yield strength is normally taken as the design strength.
Steel grade was considered as S355 for primary members and S275 for secondary elements.

The following Table 2.2.1 shows value for steel strength at specified thickness range.



Structural Steel Strength Properties for elements with nominal thickness t <40 mm

EN10025-2
Hot rolled products -
Non-alloy structural
steels

EN10025-3
Hot rolled products -

EN10025-4
Hot rolled products -
hanical rolled

Normalized/nor
rolled weldable fine grain
structural steels

Ther
weldable fine grain
structural steels

EN10025-5
Hot rolled products -
Structural steels with
improved atmospheric
corrosion resistance

EN10025-6
Hot rolled products -
High yield strength structural
steels in the quenched
and tempered condition

EN10025-2
Hot rolled products -
Non-alloy structural

Hot rolled products -
Normalized/normalized
rolled weldable fine grain
structural steels

Hot rolled products -
Thermomechanical rolled
weldable fine grain
structural steels

Hot rolled products -

Structural steels with
improved atmospheric

corrosion resistance

c $275 $355 S420 S460 | 5275 S$355 S420 5460
Symbol | Description | 5235 $275 $355 $450 [ 900 SONT OSSR [ OOML M/ML /ML mim | S235W 5355 W 5460 Q/QL/QL1
£,(MPa) s(:;ﬂglh 235 275 355 440 | 275 355 420 460 | 275 355 420 460 235 355 460
(Mf;a) g::‘e':;: 360 430 490 550 | 390 490 520 540 | 370 470 520 540 360 490 570
Structural Steel Strength Properties for el ts with nominal thickness 40 mm <¢ <80 mm
EN10025-3 EN10025-4 EN10025-5 EN10025-6

Hot rolled products -
High yield strength structural
steels in the quenched
and tempered condition

§275
N/NL

§355
N/NL

255 335

370 470

$420
N/NL

390

520

5460
N/NL

430

540

§275 S355 S420 S460
M/ML M/ML M/ML  M/ML
255 335 390 430
360 450 500 530

S235W S355wW
215 335
340 490

Table 2.2. 1: Yield strength (fy) and ultimate strength(fu)

steels
Symbol | Description | $235 $275 S$355 S450
Yield
f,(MPa) strength 215 255 335 410
fu Ultimate
(MPa) strength 360 | 410: 1479 | ‘550
2.2.1. Loads

$460 Q/QL/QL1

440

550

The imposed loading for the parking areas and ramps in car parks is given in EN 1991-1-1
[2]. For a normal mix of vehicles, taking the maximum weight of any vehicle as 2500kg, the
imposed uniformly distributed load given in EN 1991 [2] is 2.5kN/m?2.Other than that the
building is located in Prague, the snow load given in CSN EN 1991-1-3 [3] is 0.7kN/m? and

the wind load is 0.32kN/m?.

The weight of the structure itself and the weight of all loads permanently on it constitutes its
dead load. Besides primary elements, the slab is the other dead load source. The slab system
in the structure is chosen precast concrete double tee slab in order to reduce the construction
time. The properties are shown in Table 2.2.1.1.

Double Tee flooring
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The loading on foundations is greatly influenced by the material chosen for the
superstructure. Steel is the lightest practical construction material for car parks and will often
allow the use of simple foundations however heavier materials will not. On the other hand,
foundation calculation depends on soil conditions, but this study is related to steel framework
only. Foundation analysis is not part of this project but are shown in drawings just for
illustration.

2.2.2. Preliminary beam design

The case study, which is shown below both as plan view and 3D view, has 4 stories and 111
m long and 34m wide. The first storey is 3.5m, second and third stories are 3.0 m, and fourth
story is 3.1 m height.

The designs are based on the following assumptions:

+ Design is given for internal and edge beams where appropriate for one bay of a car
park

Imposed loading is taken as 2.5kN/m?

Grade S355 is used for all main and secondary beams

Grade S275 is used for all ties

Approximate weights of steel given are based on a car park 111m long x 34m wide
with car parking spaces at 2.4m wide.

Column sizes are based on the lower length of a 4-storey car park

Imposed load deflection limit: Span/360

Total load deflection limit: Span/150

Preliminary design is applied for linear analysis only

L I

L R

7/ 7/ 7/ / 4 7/ 7 7/ 7 7/ 7 7 7/ / 7 7
A N NN
N b B8
\ N
D N N
N N E
N N F
NN NN
s 7 7 7 7 7/ 7 7 7 7 7 7 7 7/ 7/ /7
/ /

PLAN VIEW

Figure 2.2.2. 1:Plan view
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Figure 2.2.2. 2: 3D SCIA Model
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Figure 2.2.2. 3:Tekla model



The continuous beam as shown below has its top flange fully restrained laterally by a precast
slab supported on secondary beams. Double tee flooring systems require a minimum of
75mm or span/180, whichever is greater, seating on beams. Concrete supports, double tee
slab legs, are on steel beams the end seating can be reduced by 15mm. A construction
tolerance of 10mm needs to be added to these figures. Double Tees can be supported at the
end on the 55mm thick flange using hanger brackets. This avoids the contractor having to
form the beams between the legs and allows the depth of the tee to be almost entirely within
the required depth of the supporting beam. Other options are partial leg support and full leg
support. The way of double tee flooring system is attached to beam flange is shown below.

Figure 2.2.2. 4:Double tee floor to beam flange connection

[ |
— 1 T T T T T 1 |
! ! ! !
Van 7 00 7/ —7500.0—/—7500.0——7500.0—#—7500.0—#—7500.0—2—900 7
/ 3500 #/—15000.0 7 15000.0 7 7
1 2 ® 4 5 ® @ ® ©)

Figure 2.2.2. 5:Simplified continuous beam model

All actions are considered as concentrated loads acting at the nine numbered locations. Only
the forces at 2,4,6 and 8 give rise to bending moments and shear forces.

2.2.2.1. Actions-Loading

Location: Czech Republic-Prague

Snow load= 0.7 kN/m?

Wind Load = 0.32 kN/m?

For category F, gk may be selected within the range 1.5 to 2.5 kN/m2 and Qk may be
selected within the range 10 to 20 kN [2]
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Slab selection (350 Double Tee with 75mm topping) (Table 2.2.1.1)
L=8.500 m (for half span)

1 2 4 5 € 7 8 9 1
/s

/ ’ 7/ / / / / ’ / 7 7/ 7 7

PLAN VIEW

Figure 2.2.2.1. 1:Load distribution

-8.500m

= 2.43 kN L =243 kN
AN ¢ PR N (B

kN
gr = 20.655 gy (Floor dead load)

my, = 660.000 N/m (SelfWeight, HEA 600(S355), Assumption)
g = 21315 %N(Total Dead Load)

—21250kN Floor Live load
qr = 21. m(oor ive load)

kN
q = 21.250 gy (Total Live Load)

Wys = g+ 135+ ¢ 1.5 = 21.315 =¥ 1.35 + 21.250 - 1.5

kN
Wys = 60.650; (Ultimate Limit State)
kN kN
Wgs = 9 + q= 21.315 W-I_ 21.250 W

kN
W =42.565 — (Serviceability Limit State)

13



/—6000.0—/—7500.0—/~—7500
/ 13500.0 7 15000.0 / 5000.0 o 6500.0 7
@ 2 3 (4 5 6 @ 8 9

Figure 2.2.2.1. 2:Actions

2.2.2.2. Design bending moments and shear forces

For continuous beams with slabs in building without cantilevers where uniformly
distributed loads are dominant, it is sufficient to consider only arrangement of actions shown

in Figure 2.2.2.2. 1.

[ Q
G G g | [
/—6300.0—#—7500.0—7—7500.0—#4—7500.0 7500 .0——#F—7500.0—#—7 500 .0—2/4——9000.0 7
D @ ® 4) ® Q) ® ®
/6000.0——7500. 0—/—T7500.0—#—7500.0—7Z/—7500.0— 7500, 0—/—7500.0—/——9000.0 7
® @ @ @ 5 ® 7 ® ®
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Figure 2.2.4. 1: Load Cases

The design bending moment and shear force diagrams are shown below. From inspection, the
most onerous design values are obtained using the load case 1.

Maximum design bending moment occurs at point 8 for load case 1
Mgq = 496.94 kNm (Figure 3.7)
Maximum design shear force occurs at point 8 for load case 1

VEeq =334.18 kKN

. . £ ££ £ 2z
z E S 5 28
3 B & 28 " - Y
r "y N
t ! I (. !
= 1 T - — s I O .
_ —_——e e ~ T =
€ £ £ E € € £ L £
z z s z =4 z z E 2
= < Z Z = = = z =
2 & 5 el 3 & 5 ~ S
© ai - o
:: % ?, (‘5 @ r e pe]
g € = 3
Figure 2.2.4. 2:Bending moment
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Figure 2.2.4. 3: Shear force
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2.2.2.3. Beam design
Section properties of chosen beam, HEA600
h = 590.000 mm (depth) b = 300.000 mm (width) t,, = 13.000 mm (thickness)
ty = 25.000 mm(flange thickness) r =27.000 mm(root radius)
m,, =177.800 kg - m~1(weight)
d = 486.000 mm (depth between fillets)
I, =1412000000.000 mm* (second moment of area)
i, =249.700 mm(radius of gyration)
I, = 112700000.000 mm* (second moment of area)
i, =70.500 mm(radius of gyration)
1:=4075000.000 mm*(torsion constant)
1,,=8.8790. 102 mm®(warping constant)
A, = 9321.000 mm?
Wpl, = 5350000.000 mm?3 (plastic section modulus)
Wpl, = 1156000.000 mm?3 (plastic section modulus)
Wel, = 4787000.000 mm3 (elastic section modulus)
Wel, = 751400.000 mm3 (elastic section modulus)
A = 22646.000 mm? (area)
E =210.000 MPa(elasticity modulus)
fy =355.000 MPa(yield strength)
fu. =490.000 MPa(ultimate strength)
Ymo = 1.0 (partial safety factor)
Ym1 = 1.0 (partial safety factor)
Cross-section classification

235-MPa (%)
. ( 3 )
. ( 235-MPa )(%)

355.000 MPa
€=8.136x 107!

« Outstand of compression flange

b—t,—2-r 300.000 mm —13.000 mm —2-27.000 mm
2 N 2

¢ 116.500 mm

t = 25.000mm _ +0°

= 116.500 mm

Cc =

16



The limiting value for Class 1 is ti < 9e¢ = 7.8624
f

The flange in compression is Class 1
+  Web subject to bending
¢, = 486.000 mm
¢ 116.500 mm

=————=28962
t, 13.000 mm

The limiting value for Class 1 is ti < 72e = 62.8992

w

The web under bending is Class 1
Cross-sectional resistance

+  Shear buckling

The shear buckling resistance for webs should be verified according to section 5
EN 1993-1-5[4] if:

h €
_W>72._
n

w
n=1
h, =h—2-t; =590.000 mm-— 2 -25.000 mm = 540.000 mm

limit = h, 540.000 mm 41538
= T 13.000mm

€ 8.136 X 1071
limit, =72-—=72-———— = 58.58
n 1
The shear buckling resistance of the web does not need to be verified.

« Shear resistance

(5
A (@@))

|7

plra — Yo
9321.000mm? - (M)
3)@)
VPle = 1.0
Vo, =1.910 MN

Maximum design shear Vp; = 334.18 kN

14 . . .
If =£2¢ < 1.0 the shear resistance of the section is adequate.
‘Rd

Vg = 334.18 kN

17



Very =1.910 MN

Viq _ 334.180 kN
V. — 1910 MN

CRd

limit = =1.749X1071

The shear resistance of the section is adequate.

« Resistance to bending

At the point of maximum bending moment, check if the shear force will reduce the bending
moment resistance of the section.

o Verg 1910 MN
limit = > = > =955.213 kN

Shear force at maximum bending moment Vgg = 334.180 kN <V, . = 955.213 kN

Therefore, no reduction in resistance to bending due to shear is required.

Wpi, -5, 5350000.000 mm? - 355.000 MPa
cra = Mpip, = = 10 =1.899 MN - m
Ymo .
The design bending moment is Mg; = 496.94 kNm
Mgy = 496.94 - kKN -m = 496.94 - kN - 1.000 m = 496.94 kN - m

Mz, 496.94kN-m

M

- = 2.617X101
M., 1899MN -m
M
Ed < 1.0
CRd

Therefore, the bending moment capacity is adequate.

« Resistance to lateral torsional buckling

Uv =09
By =1

C, =3.75
Arro= 0.4

Aur=4.01X 1071
bur =05 (1 e <(71LT —Auro ) + (B (ZLT))2)>

b =05 (1 +0.49 - ((4.01X 101 — 0.4) + (0.75 - (4.01X 10—1)2)))

¢LT = 5.298X 10_1
18



1

XLt = ~ (1)
dir + ((Prr)* — (B (Ar)?))\2
1
XLt = <
5.298 X 10~ + ((5.298 X 10~1)2 — (0.75 - (4.01X 10—1)2))(5)
XLT - 10
fy , 355.000 MPa
My, =Xir " Wer = 1-4787000.000 mm3 - o =1.699 MN - m
M1 .

Mgq 496.94kN-m

= =2.924X 107"
M., 1699 MN-m

Therefore, the lateral torsional buckling moment capacity is adequate.

The chosen beam HEA600 satisfy the section requirements.

2.2.3. Secondary beam design

The importance of structural integrity during the construction stage is significant. In order to

provide that secondary beam is used which its top flange fully restrained laterally by a precast
slab.

L=9.000 m (for half span)

= 2.43 kN L =243 kN
Ir = &%z T 47 )2

kN
gr = 21.870 gy (Floor dead load)

+9.000m

my, = 960.000 N/m (SelfWeight, HEA 320(S355), Assumption)
g = 22.830 %N(Total Dead Load)

—ZZSOOkN Floor Live load
qr = 22. m(oor ive load)

kN
q = 22.500 gy (Total Live Load)

Wys = g+ 135+ q - 1.5 = 22.830 =+ 1.35 + 22500 - 1.5

kN
Wy s = 64.570 o (Ultimate Limit State)

19



kN kN
Weis = g +q = 22.830 — +22.500 —

kN
wgs =45.330 — (Serviceability Limit State)

Section properties of chosen beam, HEA320

h = 310.000 mm (depth) b = 300.000 mm (width)
tw = 9.000 mm (thickness)

ty = 15.500 mm(flange thickness) r =27.000 mm(root radius)
m,, =97.600 kg - m~!(weight)

d = 225.000 mm (depth between fillets)

I, =229300000.000 mm* (second moment of area)

i, =135.800 mm(radius of gyration)

I, = 69850000.000 mm* (second moment of area)
i, =74.900 mm(radius of gyration)

Wpl, = 1628000.000 mm?* (plastic section modulus)
Wpl, = 709700.000 mm3 (plastic section modulus)
Wel, = 1479000.000 mm3 (elastic section modulus)
Wel, = 465700.000 mm3 (elastic section modulus)
A = 12437.000 mm? (area)

E =210.000 MPa(elasticity modulus)

fy =355.000 MPa(yield strength)

fu. =490.000 MPa(ultimate strength)
Ymo = 1.0 (partial safety factor)
Ym1 = 1.0 (partial safety factor)

Cross-section classification

a (235]-CyMPa>G)

%)
_ ( 235 MPa ) 2
¢ = \355.000 MPa
£=8.136x 1071

« Outstand of compression flange

b—t,—2-r 300.000mm—9.000mm —2-27.000 mm
2 B 2
¢ 118500 mm

—=————=17.645
tr 15.500 mm

Cc =

20

= 116.500 mm



The limiting value for Class 1 is ti < 9e¢ = 7.645
f

The flange in compression is Class 1
+  Web subject to bending
cp, = 225.000 mm

c 118.500 mm _ 13167
t, 9.000mm

The limiting value for Class 1 is ti < 72e = 62.8992

w

The web under bending is Class 1
Cross-sectional resistance

+  Shear buckling

The shear buckling resistance for webs should be verified according to section 5
EN 1993-1-5[4] if:

h €
_W>72._
n

w
n=1
hy, =h—2-t =310.000 mm— 2-15.500 mm = 279.000 mm
h 279.000 mm

w
— = = 31.0
tw 9.000 mm
€ 8.136X 1071
72;: 72-f= 58.58

The shear buckling resistance of the web does not need to be verified.

« Shear resistance
A, =A—(2.b.t;) + t;. (2.7 + t,)

=12437.000 mm? — (2.300.00 mm. 15.500mm)+ 15.500 mm (9.00mm
+2.27.000 mm) = 4113.500 mm?

(5
A (@@))

plra — Yo
4113.500mm? - (M)
3)@)
VPle = 1.0

21
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Plra

=843.100 kN
Maximum design shear Vp; = 195 kN

14 . . .
If =££ < 1.0 the shear resistance of the section is adequate.

‘Rd
Vgq = 195.000 kN
V., =843.100 kN
Vea _ 195.000kN __ ..
V.., 843.100 kN

The shear resistance of the section is adequate.

+ Resistance to bending

At the point of maximum bending moment, check if the shear force will reduce the bending
moment resistance of the section.

Vipy 843.100 kN
t=— =421.550 kN

Shear force at maximum bending moment Vgg = 195.00 kN <V, = 843.100 kN

Therefore, no reduction in resistance to bending due to shear is required.

Woi, -5,  1628000.000 mm? - 355.000 MPa
=My, = = =577.940 kN - m
Ymo 1.0
The design bending moment is Mg; = 496.94 kNm
Mgy = 496.94- KN -m

Mgq  496.94kN-m

M

CRd

limit = —£% = = 8.598X 107!
T M, T 577.940kN-m
M

L <10

CRd

Therefore, the bending moment capacity is adequate.

The chosen beam HEA320 satisfy the section requirements.

2.2.4. Preliminary Column Design

2.2.4.1. Actions-Loading

The design load area shown in Figure 3.9 presents loading area of expected critical section.
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PLAN VIEW

Figure 2.2.4.1. 2:Actions
Design value of force for ULS
9rx = 2.430 kPa qr = 2.500 kPa 9sk = 700.000 Pa

qw = 320.000Pa B = 7.500m H = 8.500m

Nfioor = 3 Lrotar = 34.000m Hppeqp = 9.500m

Jsteet = 785.000 N/m3 A.or = 7524.000 mm?

Ye = 1.35 Yo = 15 Ymo = 1.0 Yosow = 0.5
Yo, img = 06 b. = 3500.000 mm (SHS 350 * 350 * 16)

Ajpga =B "H-2=7500m -8500m -2 = 127.500 m? (Load Area)
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N
Nself == ACOl - gsteel ) HTotal = 7524000 mm2 - 785000

— -12.600 m
m

Ngeip = 74.420 N (Column self weight)

Ndead = Aload ' gk ' nfloo-r = 127500 mz ) 2430 kPa ' 3
Ngeqa = 929.475 kN (Dead Load)

Nive = Atoaa * Gk " Nf100r = 127.500 m? - 2.500 kPa - 3
Nijive = 956.250 kN (Live Load)

Nenow = Aroad * s = 127.500 m? - 700.000 Pa

Ngow = 89.250 kN (Snow Load)

_ Ltotal (HTotal)2
Mying = qw - 2 ) 2

34.000 m\ [(12.600 m)?
Myina = 320.000 Pa - ( > ) . >
My ina = 431.827 kN - m (Bending moment caused by wind load)

N Myina _ 431.827 kN - m
wind B 7.500 m
Nyina = 57.577 kN (Tension Force)
Neqg = Y6 ° (Nself + Ndead) + Yo " Niwe + Nenow * Vo0 T Nwing * Yo,,im4)
Noy = 1.35 - (74.420 N + 929.475 kN) + 1.5 - (956.250 kN + 89.250 kN - 0.5 + -
..+ 57.577 kN - 0.6)
N,4; = 2.808 MN (Design Load)

2.2.4.2. Column Design
Section properties of chosen section which is SHS 350*350*16

h= 350.000 mm (width) b= 350.000 mm (side dimension)

t = 16.000 mm (thickness) L= 3.500 m(height)

o= 24.000 mm(outer rounding radius) ;= 16.000 mm(inner rounding radius)
A = 21101.000 mm? (area) A,= 10551.000 mm?(shear area)

I=389400000.000 mm*(second moment of inertia)
W,,= 2225000.000 mm3(elastic section modulus)

W,

,1=2630000.000 mm? (plastic section modulus)
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Np,,= 7491 MN(design plastic axial force resistance)
Vpip,= 2.162 MN(design plastic shear axial force resistance)

Mg, ,= 789.970 kN.m(design elastic bending moment resistance)

MPle
T,

Plra

=933.530 kN.m(design plastic bending moment resistance)
= 668.910 kN (design plastic torsional moment resistance)
i= 117.000 mm(radius of gyration)

Yo=0

Wr= 3264000.000 mm3 (torsion modulus)

1;=609900000.000 mm*(torsion constant)

fy=355.000 MPa(yield strength)

fu= 490.000 MPa(ultimate strength)

Ymo = 1.0 (resistance of cross — section)

ym1 = 1.0 (resistance of members to instability)

G= 81.000 GPa(shear modulus)

a= 0.21(buckling curve)

m= 3.142(m pi constant)

E= 210.000 GPa(modulus of elasticity)

Cross-sectional resistance
Compression resistance should verify Ned/Nc, Rd < 1.0

The design resistance of the cross-section for uniform compression is;

£, 355.000 MPa

Ne ,=A-——= 21101.000mm? - ————— = 7.491 MN (for class 1)
Ymo 1.0
Ngg  2.786 MN
= =3.719X 1071

N¢,, 7491MN
N,

24 < 1.00;

CRrd

Therefore, the compression resistance of the cross-section is adequate.

Member buckling resistance
The design buckling resistance is determined from:

L,=3.500 m
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e=8.136X1071

A =76.399

Z—(Lcr) (1)_( 3.500m )( 1 )—3916 10-1
—\7 )0 T \117.000 mm/) "\76.399) T 27X

¢=05-(1+a-(A-02)+H?

$=05-(1+021-(3.916 X101 —0.2) + (3.916 X 10~1)?)

¢ =5968X 101

1
o 290
¢+ ((9)? = (D)2
1
X= I
5968 X101 + ((5.968 X10-1)2 — (3.916 X 10_1)2)(5)
x = 0.955
fy , 355.000 MPa
Np.,=X" A.y— = 0.955-21101.000 mm S 7.154 MN
M1 .

Nga _ 2.808 MN
Np., 7.154 MN

=3.925X1071

Nga

< 1.00;
bra
Therefore, the flexural buckling resistance of the section is adequate.

Torsional and torsional-flexural buckling resistance
ip = 165.463 mm
N, =1811GN

- fy>@>

N,

Crt

1
i 21101.000 mm? - 355.000 MPa )
T 1.811 GN

Ar=6.431X 1072

¢r=05-(1+a- ((ZT -02)+ (71)2))
¢r=0.5-(1+021-((6431X1072—-0.2) + (6.431 X 1072)?))
¢r = 4.862X 1071
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1

e SNE)
¢r + ((Pr)? — (Ap)2)\2
1
Xt = I
4.862 X 10~1 4 ((4.862 X 10~1)2 — (6.431 X 10—2)2)(5)
xr = 1.033
XT = 10
xr-A-f, 1.0-21101.000 mm? - 355.000 MPa
Nprg,= = = 7.491 MN
Ym1 1.0
N
Ed - 1.00;
bTra

Therefore, the torsional buckling resistance of the section is adequate.
Lateral torsional buckling resistance

Connection eccentricity causes a design major axis bending moment is shown below.

o
AS & &
P 2.9 9 P

|

Figure 2.2.4.1. 3: Bending moment due to connection

e = 268.500 mm

Vpa,=107.97 kN

Mgq = Mgy = Vgq, * € = 107.97 kN - 268.500 mm = 28.990 kN - m

uv =09
Bw =1
61:1



g =0.75
ZLTOZ 04
Ar=3.524X 1071

The slenderness for lateral torsional buckling is less than Arro the effect of lateral torsional
buckling is neglected. [3]

¢r =0.5- (1 +a- <(2LT — Juro ) + (B (ZLT))2)>

b =05 (1 +0.21-((3.524X 1071 — 0.4) + (0.75 - (3.524X 10—1)2)))

¢LT = 5.04‘8X 10_1

1
XLt = ~ (1)
drr + ((Drr)? — (B (Ar)?))\2
1
XLt = -
5.048 X 10~ + ((5.048 X 10-1)2 — (0.75 - (3.524X 10—1)2))(5)
XLT == 1103
xir = 1.0
fy , 355.000 MPa
My, =X1r - Wer = 1-2225000.000 mm3 - o =789.875 kN -m
M1 .

Combined axial load plus bending

diti _ ( Nea N Mgq\ <2.808MN) N ( 28.990 kN - m ) 4292 X 10-1
conartions =\n,. )" \m,_ )~ \7.15aMN) T \789.875 kN ) T

N M
( Ed>+( Ed) < 1.00

N bra M bra
Therefore, combined axial load plus bending resistance is adequate. The chosen column
section SHS 350x350x16 satisfies the section requirements.

2.2.5. Connection Design

Joining beam and column together is done by reverse channel connection where its web is
connected to beam by bolting. The connection has eccentricity and it causes bending moment
which is shown at column calculation.

It is assumed that project specifications require class 8.8 bolts.
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f,» =640.000 MPa
f., =800.000 MPa
f, =355.000 MPa

b =160.000 mm
d, =300.000 mm

t =10.000 mm

SHS 350*350*16

HEA
S SHS 350*350*16

| Vep=107.97 KN HEA 600 i HEA 600

Ip=
=

- 16MM BoLT

Figure 2.2.5. 1:Connection between column and beam

Design shear resistance of one fully treated bolt is
a, = 0.6

Yu2 = 1.25

A = 157.000 mm?

a, As-fup  0.6-157.000 mm? 800.000 MPa

= 60.288 kN
- e 60.288

Fyra =
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The design bearing resistance of bolts is evaluated by factors k1, a, ab as governed by
the plate

e, = 80.000 mm
dy, = 18.000 mm

k. = mi (28 ez) 1.7).25 | = mi (28 80'000mm) 17).25) =25
, = min 8 71,25 | = min 8 18000 mm 71,25 =2.

e; = 50.000 mm
p; = 60.000 mm
fu =360.000 MPa

. €1 P1 fu_b) )
ab—m1n<3_d0,<3_d0 0.25),<fu ,1

50.000 mm < 60.000mm ) (800.000 MPa) )
3-18.000mm '\3- 18.000mm ~/’\360.000 MPa/’
a, = 8.611X 1071

a, = min(

Analogous to the bearing resistance of the bolts, the bearing resistance of the beam web may
be calculated by factors ki and a) governed by the plate as follows:

e;, = 170.000 mm
p; = 60.000 mm
fu =360.000 MPa

= min (57 (57 - 025). () 1)
ab—m1n<3_d0, 3 d, 0.25], 3 ;1

_ ¢ 170.000 mm 60.000 mm 800.000 MPa
@ = i (3- 18.000 mm '<3- 18000 mm )’(M)’ )
ap, = 8.611X 1071
The design bearing resistance of one bolt is
d =16.000 mm
t =10.000 mm

fu _ 360.000 MPa

Fyra =ki- ap-d-t % =2.5-8.611X1071-16.000 mm - 10.000 mm 1oc

Fyra = 99.200 kN

The design bearing resistance of four bolts are;
Via =4 Fprq =4+ 99.200 kN = 396.800 kN
Viea =396.8KN > Vi iorga =107.97kN

The connection resistance is satisfactory.

Eccentricity of acting shear force in bolts creates a bending moment in welds:
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The bolts group must resist the following bending moment coming from eccentricity.
Vgq = 107.970 kN

€holtgroup = 268.500 mm
Mg = epoltgroup * Vea = 268.500 mm - 107.970 kN = 28.990 kN - m

The moments introduce stress ow is plane of the plate:

a =6.000 mm
1 =300.000 mm
2.a.()? 2 x 6.000 mm . (300.000 mm)?
w, =(2"")= = 180000.000 mm3
w 6 6
_ Meg __28990KN-m
W= W, = 180000.000 mm® 4

This stress is resolved into stress perpendicular and parallel to axes of weld throat calculated
as follows:

_ o, _ 161.055MPa _
= @i = yr = 113883 MPa
Ve 107.970 kN

/)7 241~ 2x 6.0mmx300mm

T,=0y

= 29.992 MPa

The design resistance of the fillet weld is sufficient if the following are satisfied.

B, = 0.9

€ = (0,)* +3.(()* = (z,))

1
2

C, = ((113.833 MPa)? + 3. ((113.833MPa)? — (29.992 MPa)?))(2)

C, = 233.615 MPa

o _fu _360MPa_
2= B v, 09x125 .

o, = 113.883 MPa

fu 360 MPa
C; = = = 288 MPa
Ym2 1.25

C, =233.615 MPa < C, =320.00 MPa and o, = 113.883 MPa < C; = 288.00 MPa

The weld is satisfactory.
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The design block tearing resistance of a plate is given by summing the resistance on critical
area in tension and that in shear.

d, 18.00 mm
A, = t. ( e, — 7) = 10.00mm . (80.00 mm — — = 710.00 mm?
d, 18 mm
Ay =t ( e;+ pp—dy — 7) = 10mm . (80.00 mm + 60.00 mm — 18 mm — >
= 1130.00 mm?
VMO == 1.0
0.5.4,: £, 0.5.4,,.f,
Verfara = <—y nt ”) + —(l)m’ 2
Mz (' Ymo

B ( 0.5.710.00mm?2. 360.00 Mpa>+ 1130.00 mm?2.355 MPa
- 1.25

1
2

3. 1.0
= 333.844 kN

Verfora = 333.844 kN > Vgq = 107.97 kN , The design block tearing resistance is

satisfactory.
The shear resistance of gross area:

A, = 3000.0 mm?

Ay fy _ 3000.00 mm?.355 MPa

Vled = == 614’878 kN

1 1
L @).10
Voira = 614.878 kN > Vg, = 107.97 kN , The shear resistance of gross area is satisfactory.

For the beam web the design block shear resistance is evaluated in similar way as for the
plate.

tw = 13.00mm
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d, 18.00 mm
Anew = ty- ( e, — 7) = 13.00mm . (80.00 mm — — = 923.00 mm?
do
Ao = ty. (120 mm +e; + p—dy — 7)
18 mm
= 13.00mm.(120.00 mm + 50.00 mm + 60.00 mm — 18 mm — >
= 2639.00 mm?

The beam shear resistance:

0.5. Anp fo 0.5. Appw- f,
Vesfora =\ —— )+ — =&
Ym2 (3)(5)

-Ymo

B ( 0.5.923.00mm?2. 360.00 Mpa>+ 2639.00 mm?2.355 MPa
- 1.25

(3)(%). 1.0

= 673.800 kN

Verrora = 673.800 kN >Vgq = 107.97 kN , The beam shear resistance is satisfactory.
The bending resistance is checked for class 3 cross-section which resistance is;

Wi £, 180000mm3 . 355.00 MPa
Mele - — | = 1.0

) = 63.900 kNm

Ymo

Mypq = 63.900 kNm > My, = 28.99 kNm ;

Therefore, the connection is satisfactory.

2.2.6. Bracing Design

The robustness and stability are a critical structural design consideration of a structure. Multi-
storey car park has that problem because it does not have internal walls which help stability.
In order to provide stability, bracing member is placed at suitable bays.

Section properties of chosen section which is SHS 110*110%14.2 (S275 JR)

b= 120.000 mm (side dimension) L= 8.276 m(height)
A = 5790.000 mm? (area)
fy =275.000 MPa t =14.200 mm

1,=10500000.000 mm*(second moment of inertia, y — y axis
1,=10500000.000 mm*(second moment of inertia, z — z axis)
Ymo = 1.0 (resistance of cross — section)

ym1 = 1.0 (resistance of members to instability)

a= 0.21(buckling curve)
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m= 3.142(m pi constant)

E= 210.000 GPa(modulus of elasticity)
Cross-sectional resistance

Ngq =259.220 kN

As. fy 5790.00 mm?. 275.00 MPa
NcRd = =

= 1.592 MN
Ymo 1.0

( Ngg4 )_( 259.220 kN

= —_ -1
N_ra 1.592 MN ) 1628 X 10

N
( N Ed )< 1.0, Resistance in tension is adequate.
CcRd

Buckling resistance

L. =8.276 m

N = ((n)Z.E. IZ> _ (3.142)%.210.000 GPa.10500000.000 mm*
cr -

= 317.737 kN
(Lor)? (8.276 m)?

)

1

5790.000 mm? - 275.000 MPa ( )

= 2.239
317.737 kN

A)I
II

¢ =05- (1 +a ((?1— 0.2) + (?1)2)>

¢ =05-(1+021-((2239 - 0.2) + (2239)?)))

¢ = 3.22
1
b+ ()2 — ()
1

X:

X = 1
322 + ((3.22)% — (2.239)2))@)

¥ = 1.807X 107!

f, ) 1275.000 MPa
Ny =x A+ =2= = 1.807X 107" 5790.000 mm” o = 287.734 kN
M1 '
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( Nig ) (259.220 kN

— — -1
287.734 kN)_g'O09 X10

Nde

( _I:"’ Ed )< 1.0, Buckling resistance is adequate.
cRd

Therefore, chosen bracing member 110x110x14.2 is satisfied requirements.

2.2.7. Column Base Design

Column is subjected to the self-weight, dead load, snow load and live load with loading area
defined in figure. Calculated column is part of bracing system-there are additional forces due
to acting in bracing system.

’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’
A NN NN A
BN N\ B
I
1
(TR ¢ -y N | €
'
o BN i = & \ 2@
1
]
E |\ e A | (B
'
GRIBS x| @®
G NN 3 ‘\‘\G
’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ /

PLAN VIEW

Figure 2.2.7. 2: Calculated column
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9rx = 2.430 kPa qrx = 2.500 kPa 9sk = 700.000 Pa

qw = 320.000 Pa B = 7.500m H = 8.500m
Mfioor = 3 Lrota; = 34.000 m Hporq = 12.600 m
Jsteet = 785.000 N/m3 A.or = 7524.000 mm? ye = 1.35

Yo = 15 Ymo = 1.0 Yosow = 0.5
Yo, = 0.6 b, = 350.000 mm (SHS 350 * 350 * 16)

Maximum normal force in column base
Load Area
Ajpga =B "H-2=7500m -8500m -2 = 127.500 m? (Load Area)

Column self-weight

N
Nself == ACOl - gsteel ) HTotal = 7524000 mm2 - 785000

— +12.600m
m

Ngeip =74.420 N(Column self weight)

Dead Load
Ndead = Aload ' gk ' nfloo-r = 127500 mz ) 2430 kPa ' 3

Ngeqa = 929.475 kN (Dead Load)

Live Load

Nive = Atoaa * Gk " Nf100r = 127.500 m? - 2.500 kPa - 3
Nijjive = 956.250 kN (Live Load)

Snow Load

Nenow = Atoaa * 9sk = 127.500 m? - 700.000 Pa

Ngow = 89.250 kN (Snow Load)

Bending moment on cantilever substituting truss bracing caused by wind load;
_ Ltotal (HTotal)2
Myina = qw - 2 ' 2
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34.000 m\ ((12.600 m)?
M,yina = 320.000 Pa - ( )

2 2

My ina = 431.827 kN -m (Bending moment caused by wind load)

N.. = = Myina _ 431.827 kN - m
wind B 00T

Nyyina =57.577 kN (Tencion Force)

Total load combination

Neg = Yo - (Nself + Ndead) + Yo " Niwe + Nonow * Vo0 T Nwing * Yo,,im4)

Nog = 1.5 - (74.420 N + 929.475 kN) + 1.5 - (956.250 kN + 89.250 kN - 0.5 + -
..+ 57.577 kN- 0.6)

N,4 =2.947 MN (Design Load)

Column Base Geometry

t=30.000mm  b;=450.000 mm d; = 450.000 mm

b =500.000mm d=500.000mm h=500.000mm

b.=425.000 mm  f,= 355.000 MPa E = 210.000 GPa

Yo= 1.0 f= 25.000 MPa y.= 15

Column Base Check

b,= min (by+ 2 ‘b, 3 -b;,b;+ h)

b,= min (450.000 mm + 2 - 425.000 mm, 3 - 450.000 mm ...,

, - 450.000 mm + 500.000 mm)

b,=950.000 mm

d,= min(d1 + 2 -br, 3-d1, d1 + h)

d,= min (450.000 mm + 2 - 425.000 mm, 3 -450.000 mm ...,

wer, 450.000 mm + 500.000 mm)

d,= 950.000 mm

Stress concentration factor

= 2.111

1 1
<b2 : dz)(i) <950.000 mm - 950.000 mm)(f)
j = =

~\b, - q, 450.000 mm - 450.000 mm

(]

Bj == = 6.667 X 107" (joint coeff.)

w

Design value of concrete concentrated pressure strength

_Bj ki foe  6.667X 1071 -2.111-25.000 MPa
fja = Ye B 1.5
Effective width of flexible plate

= 23.457 MPa
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1

= 1
_, fy &) — 30,000 < 355.000 MPa )(z) _ 7381
TU\8 ) MM \3 23457 MPa- 10/ T 00T

Aoy = 234995.117 mm?

Resistance of base plate
Ny, = Aesr fia = 234995.117 mm? - 23.457 MPa = 5.512 MN

Reliability condition
Ngg  2.947 MN

= = 5.347X 107"
Ny, 5512MN

Nga

= 0.5347 < 1.0 Sadisfied

bra

Minimum normal force in combination with horizontal force in column base

_ LTotal HTotal
VEd - YQ ’ qW ' 2 ) 2

34.000 m) <12.6OO m)

= 1.5-320.000 Pa- <

o
a
|

2 2
Veq = 51.408 kN

Shear resistance of one bolt made of rod with diameter 20 mm, steel S355
fup=490.000 MPa  f;,= 355.000 MPa A; = 245.000 mm?
n=2 a,=05 yy, =125

a,=3.335X1071

Fyypp,, =0.85 —“f;’;*‘

0.5-490.000 MPa - 245.000 mm?

Fiopy, = 0.85 - — 40.817 kN
44 'fub " Ag
FZ‘Ude = )/Mz
3.335X1071-490.000 MPa - 245.000 mm?
Fropp, = e — 32.029 kN

Fypp, =min(Fypp,,, Fayp,,) = min(40.817 kN, 32.029 kN) = 32.029 kN
Resistance of two bolts in a column base

Vea = My - Fpp.. =2-32.029 kN = 64.059 kN

bra
Reliability condition
Vga  51.408 kN
— =————= 8,025X107!
Vea 64.059 kN
Via .y
— = 0.8025 < 1.0 Satisfied
Vra

The chosen base plate dimensions are satisfied requirements.
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2.2.3. Final design stage

Before a refined and detailed structural analysis can be carried out, it is necessary to make a
final determination of the loads for which the structure is to be designed, including both loads
determined from codes of practice and the self-weight of the structure. The analyse of whole
structure is done by SCIA Engineer software. Drawings and diagrams are made in AutoCAD
and Tekla Structure.

2.2.3.1. Geometry of structure

The structure is 111 meters long and 34 meters wide and column positions and grid plan is
shown below.

—=a —
—_— =) = [—
—lbl ] —E A A A ¥ | @ K [N | B Bl B B B
—a ¥ X —
= =

AAAAR PPN KN K A pseR

Figure 2.2.3.1. 1: Column positions and grids
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Figure 2.2.3.1. 2:Elevation of structure

-
: TN

Figure 2.2.3.1. 3:Geometry of structure

2.2.3.2. Loads

After geometry of structure is defined, load cases should be applied the structure. There are
eight load cases which are self-weight, dead load, live load, snow load and wind generator

which is applied four different angles (0°,90°,180°,270°).
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| 3oWind4

" LC2 - Dead load
JLCS - Live load

Description

Action type

Load group

Load type
Specification

Master load case

3D Wind
| 43D Wind
Internal pressure/suction coeffi..

Wind direction [deg]

Stage for composite analysis mo...

0, - CPE, - CPI
Variable
LG4

Static
Static wind
None

Construction stage

-

-0.30
0.00

|Actions

‘ Delete all loads

‘ Copy all loads to another loadcase

New | Insert | Edit | Delete

Figure 2.2.3.1. 4:Load cases

Each load case is shown below.

Figure 2.2.3.1. 5:

Dead load



Figure 2.2.3.1. 6:Live load

Figure 2.2.3.1. 8: 3D wind 0°
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Figure 2.2.3.1. 9: 3D wind 90°

Figure 2.2.3.1. 10: 3D wind 180 °

Figure 2.2.3.1. 11: 3D wind 270 °



2.2.3.3. ULS Member Check

The ultimate limit state is the design for the safety of a structure and its users by limiting the
stress that materials experience. In order to comply with engineering demands for strength
and stability under design loads, ULS must be fulfilled as an established condition.

The necessity of checking sway mode of structure is important also it should be known that
'sensitive to buckling in a sway mode' does not mean the same as needing to consider second
order effects due to the deformation of the structure. It means only that the geometrical
deformation of the structure gives rise to additional effects in the members that must be taken
into account in design. These additional effects may be only first order effects. If the
geometrical deformation significantly affects the structural behaviour then second order
effects also need to be considered.

First sway imperfection needs to be evaluated.

Figure 2.2.3.3. 1:Sway imperfection

D=, x op xty,

@o=m = 0.005
ap= zl __ 2 T = 0.563 but 0.666 < a;, < 1.0; o, = 0.666
2

(h)( ) (12.6)(5

1 1
o= [05(1+2) = os(1+2) <o
m 3

DP=Dyx ap Xy, = 2.72x1073

Equivalent horizontal load
Hpy=®x gxl = 2.72x 1073x64.57x34 = 5.04 kN
2Hpq = 5.04 + 57.577 = 62.617 kN

_SHpa _h__ 62617 12600
T Ve Oupa 2195 © 24 ¢

o > 10, therefore 1% order linear analysis will be taken into account. [3]

aC T
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Name |dx [m] |Case uy [mm]|uy,rel [1/xx] |uz [mm] |uz,rel [1/xx]
By4 5 6|ULS-Set B (auto)/1 -16.9|-1/356 0 0
By41l 3 0|ULS-Set B (auto)/2 24(1/136 0 0
B1443 |8.500+|ULS-Set B (auto)/3 0.5{1/10000 -30|-1/283
B601 |4.500- |ULS-Set B (auto)/4 0 0 -22.1|-1/173
F48_2 5.883|ULS-Set B (auto)/5 0 0 31|1/190

Table 2.2.3.3. 1:Relative deformation(extreme)

2.2.3.3.2. Beam Check
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Figure 2.2.3.3. 2:Critical beam




EC-EN 1993 Steel check ULS

Linear calculation

Combination: ULS-Set B (auto)

Coordinate system: Principal

Extreme 10: Global

Selection: All

Filter: Cross-section = CS12-Beam2 - HEAG00

EN 1993-1-1 Code Check
National annex: Czech CSN-EN NA

[Member Bx3_3 [7.503 / 7.503 m |HEA600 [S 355 [ULS-Set B (auto) [0.83 - |

Combination key
ULS-Set B (auto) / 1.15*LC1 + 1.15*LC2 + 1.50*LC3 +
1.50*LC4 + 0.90*3DWind16

ywmo for resistance of cross-sections

ym: for resistance to instability 1.00
ymz for resistance of net sections 1.25
| Material |
Yield strength fy |355.0 |MPa
Ultimate strength |fu |490.0 |MPa
Fabrication Rolled

....:SECTION CHECK::...
The critical check is on position 7.503 m

Internal forces Calculated Unit
Normal force Ned -61.17 kN
Shear force Vyed |-1.33 kN
Shear force Vzed | -263.12 kN
Torsion Ted 0.11 kNm
Bending moment |Myes |-354.01 kNm
Bending moment |M;ed [-9.95 kNm

Classification for cross-section design
Classification according to EN 1993-1-1 article 5.5.2
Classification of Internal and Outstand parts according to EN 1993 1-1 Table 5.2 Sheet 1 & 2

Id- Type |c : [y o || W | kb \c/t |

[kN/m?] | [kNl!lr\lF] -3 | AL ]

116 25 7.647e+04 |8.676e+04 0.9 0.4 |1.0 |4.7 |7.3

Class[2 CIa553 Cla§s
.lelt it

' SO 11.3
3 SO 116 25 7.055e+04 |6.027e+04 |0.9 |0.5 |1.0 |4.7 73 8.1 119
4 I 486 13 6.361e+04  -5.821e+04 |-0.9 0.5 |37.4 |56.2 65.0 92.2
~] SO 116 25 -7.107e+04 | -8.136e+04
7 SO 116 25 -6.515e+04 | -5.487e+04

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

Cross-section area A 2.2700e-02 | m?
Compression resistance | Ncgrd | 8058.50 kN
Unity check 0.01 -
3 .10-2
Nogs — Axf _ 2270010 [m?] x 355.0[MPa] _ 8058.50(kN]
o 1.00
Unity check = [Neal _ [ZSLITIKNI _ o o, 4 09

N ra 8058.50[kN]

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

Plastic section modulus | Wiy 5.3333e-03 |m3
Plastic bending moment | Mpiyrd | 1893.33 kNm
Unity check 0.19 -
Wi, % f,  5.3333-10"%[m?] x 355.0[MPa]
Mo 1.00
[Mygal | -354.01[kNm]|

ity check = = =0.19 < 1.
Unity chec! i 1893.33(kNm] 0.19 < 1.00

Mpiyra = ~ 1893.33[kNm)]

Bending momeiit check foi M.
According to EN 1993-1-1 article 6.2.5 and formule (6.12),(6.13)

Plastic section modulus  |Wg:  [1.15428-03 [m?
Plastic bending mement | Muiz.ré | 409.73 kNmi
Unity check 0.02 -

46

(EC3-1-1: 6.10)

(EC3-1-1: 6.9)

(EC3-1-1: 6.13)

(EC3-1-1: 6.12)
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Wiz x fy  1.1542. 10~3[m?] x 355.0[MPa]
Mo 1.00

: [Myggl — 1-9.95[kNm}|

Unity check = My, — 400.73[KNm] — 0.02 < 1.00

Shear check for Vy

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Myizrs = — 409.73[kNm]

Shear correction factor n 1.20
Shear area Ay 1.5520e-02 |m?
Plastic shear resistance for Vy | Vpiyrd | 3180.97 kN
Unity check 0.00 -

A, x :/'15- 1.5520 - 10-2[m?] x 325%[%@
Viiypa = ——¥= = T = 3180.97[kN]
Unity check = Myed _ 1Z133(kN)L _ 0.00 < 1.00

Veyra  3180.97[kN]
Shear check for V.
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Shear correction factor n 1.20

Shear area Av 9.3750e-03 | m?
Plastic shear resistance for V: |Vpizrd | 1921.49 kN
Unity check 0.14 -

B % 9.3750 - 10-%[m?] x i‘rio/[;"ﬁ
35 o vV T
Volz.Rd T 160 1921.49[kN]
; _ [Vagd _ [-263.12[kN]| _

Unity check = Veoms = T92L400KN] — 0.14 < 1.00
Torsion check

According to EN 1993-1-1 article 6.2.7 and formula (6.23)
Index of fibre Fibre |2 -

Total torsional moment | Ted 0.7 MPa

Elastic shear resistance | Trd 205.8 |MPa

| Unity check | L 1009 i

Tea = | Tedl % Tea.wme = [105.45] x 6 284[kN/m’] = 0.7[MPa]
£ 355.0[MPa)

TRa = e =St — L = 205.0[MP:

ad V37X o V3% 1.00 I¥1Pa]

7ea __0.7[MPa]_
e 205.0[MPa

Unity check = ~0.00 < 1.00

Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as

insignificant and is ignored in the combined checks.

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

Plastic bending moment Mpiyrd | 1893.33 |kNm
Exponent of bending ratioy |a 2.00
 Plastic bending moment Mpizrd | 409.73 kNm
Exponent of bending ratio z | B 1.00

Unity check (6.41) = 0.03 + 0.02 = 0.06 -
W,y % f,  5.3333. 10~ [m’] x 355.0[MPa]

Moty Rra = o 1,00 = 1893.33[kNm]
=200
. 10-3[m?
Misidas = Wi x f,  1.1542-10*[m’] x 355.0[MPa] _ 409.73(kNm)]
MO 1.00
/3= 1.00

5 _ [ IMyeal \" IMoggl N7 [ |-354.01[kNm]|\*™
Unity check = (Mpl.yARd) ! (Mpu_kd) o ( 1893.33[kNm] 1 (

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 y-y 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

rasistance about the z-z axis is neglected.
The member satisfies the szction check.

1.00
) ~0.06 < 1.00

(EC3-1-1: 6.13)

(EC3-1-1: 6.12)

(EC3-1-1: 6.18)

(EC3-1-1: 6.17)

(EC3-1-1: 6.18)

(EC3-1-1: 6.17)

(EC3-1-1: 6.23)

(EC3-1-1: 6.13)

(EC3-1-1: 6.13)

(EC3-1-1: 6.41)
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Classification for member buckling design

Decisive position for stability c'assification: 0.000 in

Classification according to EN 1993-1-1 article 5.5.2

Classification of Internal and Outstend parts according to EN 1993-1-1 Table 5.2 Sheet 1 8 2

]

oy 1) Soa - Class't__Class 2
[mm] [kN/m?2] [kN/m?2] Limit Limit
[-]

1 SO 116 25 2.142e+03 2.142e+03 1.0 (0.4 [1.0 4.7 7.3 8.1 11.4 I
3 SO 116 25 2.142e+03 2.142e+03 1.0 (0.4 (1.0 4.7 7.3 8.1 11.4 1
4 I 486 13 2.142e+03 2.142e+03 1.0 1.0 [374 (228 27.7 30.9 4
5 SO 116 25 2.142e+03 |2.142e+03 |1.0 |04 (1.0 4.7 7.3 8.1 114 1
74 SO 116 25 2.142e+03 2.142e+03 1.0 (04 [1.0 (4.7 7.3 8.1 114 1
Note: The Classification limits have been set according to Semi-Comp+.

The cross-section is classified as Class 4

Effective section N-

Effective width calculation

According to EN 1993-1-5 article 4.4

Id Type bp o1 o2 (11} ke AN p be be1 be2

[mm] [kN/m?] [kN/m?] [-1 [-]1 [[1 [-1 [mm] [mm] [mm]

1 SO 116 3.550e+05 | 3.550e+05 |1.0 (04 |0.3 [1.0 116

3 SO 116 3.550e+05 |3.550e+05 |1.0 (0.4 |0.3 [1.0 116

4 1 486 3.550e+05 |3.550e+05 [1.0 (4.0 |0.8 |0.9 437 219 219

5 SO 116 3.550e+05 |3.550e+05 |1.0 (0.4 |0.3 [1.0 116

7 SO 116 3.550e+05 |3.550e+05 |1.0 |04 |0.3 |1.0 (116

Effective section My-
Effective width calculation
According to EN 1993-1-5 article 4.4

Id Type bp o1 o2 (7] ko Ao p be be1 be2

[mm] [kN/m?] [kN/m?] [-1 [-[1 [-1 [-] [mm] [mm] [mm]

SO 116 3.550e+05 [3.550e+05 |1.0 (04 |03 |1.0 |116

SO 116 3.550e+05 |3.550e+05 |1.0 (0.4 |03 [1.0 |116

1 486 3.054e+05 |-3.054e+05 |-1.0 |23.9 |0.3 [1.0 |243 97

146

SO 116 -3.550e+05 |-3.550e+05

N B W

SO 116 -3.550e+05  |-3.550e+05

Efiective section Mz-
Eifective width calculation
According to EN 1993-1-5 article 4.4
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Efiective section Mz-
Effective width calculation
According to EN 1993-1-5 article 4.4

Id Type b o1 o2 ([1T] ke Ap P be be1 bez
[mm] [kN/m?] [kN/m?] [-] [-1 [-] [mm] [mm] [mm]
SO 116 3.550e+05 |7.928e+04 |0.2 |0.5 0.3 [1.0 |116

SO 116 -7.928e+04 | -3.550e+05

1 486 0.000e+00 | 0.000e+00

SO 116 -7.928e+04 | -3.550e+05

N bW e

SO 116 3.550e+05 |7.928e+04 |0.2 |0.5 |0.3 [1.0 116

Effective area Aest 2.2017e-02 | m?
Effective second |lery |1.4123e-03 'm* |Ies: 1.1271e-04 |m*
moment of area
Effective section |Wesy 4.7874e-03 |m? |Wesz |7.5143e-04 m3
modulus
Shift of the eny 0 mm |en;: 0 mm
centroid

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters Yy zz

Sway type sway non-sway

| System length L 7.503 22,510 m
Buckling factor k 3.24 1.00

Buckling length ler 24.310 22.509 m
Critical Euler load Ner 4945.03 |462.25 kN
Slenderness A 97.54 319.03
Relative slenderness Arel 1.26 4.11

Limit slenderness Areio | 0.20 0.20

Buckling curve a b

Imperfection a 0.21 0.34
Reduction facto- X 0.50 0.05
Buckling_resistance Nuord | 3868.90 [426.75 kN

Flexural Buckling verificati

Cross-section effective area |Aer |2.2017e-02 |'m? |
Bud<lmg resistance Nbrd |426.75 kN
Unity check 0.14 c
—a? x Ex |, 7? x 2100C0.0[MPa] x 1.4100..10-3[m*]
Neny = >—- = 24310[m]? - 4945.03[kN]
7 xEx|l; 7% x210000.0[MPa] x 1.1300-10"*[m*]
Noa==——— = 72 509[mf? = 462.25[kN]
oy _ 24.310[m]
= S = ! A
o i 249[mm] oot
e 22509[m]
M= in ———TI[mm] = 319.03

2
Aci 22017 10~%[m?]
\/ = Woax \/2.2700- 10-2[m?]

A== = =126
E . [210000.0MPa]
f 355.0[MPa]
22017 . 10 2[m?]
\/ H203x \/ 22100 102
vcl = .
’ E 210000.0[MPa]
f T 355.0[MPa]

@y = 0.5 x [14 ay x (May — Arlyo) + Ady) = 0.5 x [1+0.21 x (1.26 — 0.20) + 1.26%] = 1.40
2= 05 x [1+4 az % (Melz — Aretz0) + Alz] = 0.5 x [1+ 0.34 x (4.11 — 0.20) + 4.11%] = 9.62

;) 1 1 1

=min | ———m—, 51 | =min | —————————==. 7.1 ] = min(0.50,0.63;1) = 0.50
v Py+ /92— ’\yzel.y Arely (1-40 + V1.407 —1.26° 1.26° ) ( )
Xz = min -——1—:\21—1 = min (———12——— 411:,‘1) = min (0.05,0.06.1) = 0.05

et 12 — ALy, Az 9.62+1/9.627 — 4.11° 4.
\ _ Xy X Aar % fy 0.50 X 2.2017 - 10~3[m?} x 355.0[MPa}
Ny yrd Tom 160 - 3866-90[kN}
N XX Agrx £ 0:05 x 2.2017- 101 ;{sz’] x 355.0[MPa| — 426.75[kN]
M

(EC3-1-1: 6.51)

(EC3-1-1: 6.51)

(EC3-1-1: 6.49)

(EC3-1-1: 6.49)

(EC3-1-1: 6.43)

(EC3-1-1: 6,48)
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Niy g = min (N ga. No.ga) = min (3868.90[kN], 426.75[kN]) = 426.75[kN]

5 [Ngql |—61.17[kN]|
=—= =0 < 1. -1-1:
Unity check = (& ————]—42 T 0.14 < 1.00 (EC3-1-1: 6.46)

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

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 1993-1-1 article 6.3.2.1 & 6.3.2.3 and formula (6.54)

LTB parameters

Method for LTB curve Alternative case
Effective section modulus | Wetry | 4.7874e-03 m3
Elastic_critical moment Mer 548.50 kNm
' Relative slenderness ArelLT 1.76

Limit slenderness Ao | 0.40

LTB curve b

Imperfection awr 0.34

LTB factor B 0.75

Reduction factor Xur 0.32

Correction factor Ke 0.86

Correction factor f 1.00

Modified reduction factor XiT,mod | 0.32

Design buckling resistance | Mp,rd 548.50 kNm
Unity check 0.65 -
LTB length lr |22.510 m
Infiuence of ivad position no influence

Correction factor k 11.00

Correction factor kw ;1.00

LTB moment factor Ci |1.35

' LTB moment factor C2 |6.63

LTB moment factor Cs [0.41

' Shear centre distance d: |0 mm
Distance cf Ioac application [zg |0 mm
| Morio-symmetry corstant B, |0 mm
Mono-symmetry corstant z |0 mm

#2 X.E %1 TR Nl B %16 %l a
Mg =Crx =i Vf(—) x M AL S 2 ) (Cr 2= Cy xZj)° = (Carezg— C3 x Z))| = 1.35

it Ky I, =2xExI,

. w? x 210000.0[MPa] x 1.1300- 10 *[m*]
22.510[m]?

+ (0.63 x 0[mm] — 0.41 x O[mm])? — (0.63 x O[mm] — 0.41 x O[mm])

/ ( 1.00 )’ 8978210 °°[m°]  22.510[m]* x BO769.2[MPa] x 3.9800 - 10 *[m’]
V\1o0 1.1300 - 10 *[m"] 72 x 210000.0[MPa] « 1.1300 - 10 *[m]
= 548.50[kNm]

Wy xf,  [4.7874.10%[m? x 355.0[MPa]
iegr= \/ My 548.50[kNm] ~ 176

1=0.75

1 1 1 1
=min| ——————— ——.,1| =min c555-1) =min(0.33.0.32,1) = 0.32 -1-1: 6.
e o+ \Jr— B Nz Vet (v Tet) = i ) Eren

F=min {1-0.5x (1~ k) x [1 2% (haar — 08)°] .1} = min {1 0.5 x (1 - 0.86) x [1-2x (1.76 0.8)2] .1} = min {1.06.1} = 1.00

Corwir oy . (032 0\ . B
XUT-med = min (—f 1) = min (1—'00v1) = min (0.32,1) = 0.32
f ;
Mugs = Xirmos % Wery % —- = 0.32 x 4.7874 - 10~[m?] x %gxgpa] — 548.50[kNm] e
M1 {
Unity check = IMyeal _ [=384.0UkNm]| _ o o0 4 g9 (EC3-1-1: 6.54)

Mb.ra 548.50[kNm|

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.
Note: The correction factor k. is determined from C;.



Bending and axial compression check
According fo EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

Bending-and axial compression check [pafameters

 Interaction method allernative method 2

| Cross-section_effective area Aot 2.2017¢-02 m?
Effective section modulus We#ty | 4.7874e-03 m3
Effective section modulus Wesr,2 7.5143e-04 m3
Design compression force Ned 61.17 kN
Design bending moment My ed -354.01 kNm
(maximum)

Design bending moment M:,ed -12.65 kNm
(maximum)

Additional moment AMyed | 0.00 kNm
Additional moment AMzed | 0.00 kNm
Characteristic compression Nrx 7815.95 kN
resistance

Characteristic moment resistance | My,rx 1699.52 KNm
Characteristic moment resistance | Mzrk 266.76 kNm
Reduction factor Xy 0.50

Reduction factor Xz 0.05

Modified reduction factor XtT,med | 0.32

Interaction factor Kyy 0.91

Interaction factor Kyz 0.98

Interaction factor Kzy 0.99

Interaction factor kzz 0.98

Maximum moment My eq4 is derived from beam Bx3_3 position 7.503 m.
Maximum moment M:ed is derived from beam Bx5_3 position 0.000 m.

Interaction method 2 parameters

Method for interaction factors Table B.2

Sway type y sway

Equivalent moment factor Cmy [0.90

Resulting load type z point load F

End moment Mp,: | 0.00 kNm
Field moment Ms,z -12.65 kNm
Factor Ohz C.00

| Ratio of end moments Yz 1.00

Equivalent moment factor Cenz .90

Resuiting lozd type LT pont load F

| End moment {Mpr [C.00 kNm
Field moment | Mgir [-354.01 KNm

Interaction method 2 parameters

Factor anyr - 0.00
Ratio of end moments Wir 1.00
Equivalent moment factor Cer_ | 0.90 o

Unity check (5.61) = 0.02 + 0.59 + 0.05 = 0.65 -
Unity check (6.62) = 0.14 + 0,64 + 0.05 = 0.83 -

Cny = 0.90

Mi, _ 0.00(kNm]
M.,  —12.65[kNm] ~—

Cne=0.9+0.1 x ay, = 0.9+ 0.1 x 0.00 = 0.90

Unz =

apy = Muar __0.00(kNm]
T Mot 354.01[kNm]

Cour = 0.9 + 0.1 % ey v = 0.9 + 0.1 x 0.00 = 0.90

0.00

Ng = Auy X f, = 2.2017 - 10 ?[m?] % 355.0[MPa] = 7815.95[kN]
M, rk = Wairy % fy = 4.7874 - 10 3[m?] x 355.0[MPa] = 1699.52[kNm]
M. s = Were x fy = 7.5143 - 10 #[m?] x 355.0[MPa) = 266.76[kNm)]

. Ng Ne
kyy = min [ Cay x 1-:0.6><,\,..,><—‘|\J_ﬂ +Ceny X 140.6><—;’qu

Yy X X —
Y7 X ¥

61.17[kN]
_ 7815.95[kN]

61.17[kN]

=min [090 x | 14 0.6 x 1.26 x ,090x |14 0.6 x W
1.00

= min [0.91,0.91] = 0.91

0.50 0.50

Kyz = ke = 0.98

005 hws MNea  , 005 Nea
Cour —0.25 Xz X ,& Coor=022 Xz X Tﬁ
M1 ™1

kzy = max | 1 -

£ 005x4.11 ~  6LI7[kN] | _ 005 BLITKN] ] a .
= max | L - 000 — 0.5 Tl "8_1§~§[_H~_Ill 0.6 10,35 Con 781598 = max {0.95,0:99) = 0.99
1.00 T 1.00
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[

9 N N,
kzz = min [Coz x | 14 0.6 X Az % E"i‘m Crmex | 1406 x E;’\ng
X2 X = 2 X —
M1 M1
o 61.17[kN] 61.17[kN] - B
=min [0.90 x | 1+ 0.6 x 4.11 x BS?S['LNI ,090 x | 1+40.6x = 78715795[LN] = min [1.22,0.98] = 0.98
100 X100
3 i Ney ) [My ga| + [AM, ko IM; g4| + |AM, gdf
Unity check (6.61) N+ ko WM+ ke x Mom
Ny 2R XLT.med X —
M1 ™1 M1
61.17[kN]| 354.01[kNm]| + |0.00[kNm]| |~12.65[kNm]| + [0.00[kNm]| (EC3-1-1: 6.61)
161. . - 4 |+ 0 3 - | + |0 _
" 050 « TB15.95[kN] T 091 = 0,32  1699.52[kNm] StiSae 266.76[kNm] 0.65 < 1.00
= 1.00 : 1.00 1.00
; [Nl My £al + [AM, g4l M, £d| + |AM,
Unity check (6.62) = . E"\'Rk b kgy x v : M;RE: b Ky ZEdIMLm €4
XEC XLT.mod X -
M1 M1 M1
61.17[kN]| 354.01[kNm]| + |0.00[kNm]| 12.65[kNm]| + (0.00(kNm]| (EC3-1-1: 6.62)
01 . A y | + |0. _
T 005 . 7815.95[kN] #0899 032 » 1699.52[kNm] +0.98x 266.76[kNm] =0.83 < 1.00
: 1.00 ) 1.00 1.00

Unity check = max (Unity check (6.61). Unity check (6.62)) = max (0.65,0.83) = 0.83 < 1.00

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

er

| Buckling field length a |7.503 m
‘Web unstiffened

Web height hw | 540 mm

| Web thickness t 13 mm_
Material_coefficient € 0.81 |
Shear correction factor |n  [1.20 |

Shear Buckling verification |

%Web sienderness [hw/t |41.54 |
Web sienderness iimit | 148.82 |
i o e 540[mim]
hy/t = t = B[mm] 41.54
Lisy T2 x= 72 x 081
ft — B s e e B
limit h,,/t 5 130 48.82

Note: The wab slenderness is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).

The member satisfies the stability check.

——
-

Figure 2.2.3.3. 3:Edge beam
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EC-EN 1993 Steel check ULS

Linear calculation

Combination: ULS-Set B (auto)

Coordinate system: Principal

Extreme 10: Global

Selection: Bxi_1

Filter: Cross-section = CS12-Beam2 - HEA600

EN 1993-1-1 Code Check
National annex: Czech CSN-EN NA

[Member Bx1_1 [6.000 / 6.000 m |HEA600 |S 355 |ULS-Set B (auto)

0.29 -

Combination key
ULS-Set B (auto) / 1.15*LC1 + 1.15*LC2 + 1.50*LC3 +
1.50*LC4 + 0.90*3DWind16

ymo for resistance of cross-sections | 1.00
ywm1 for resistance to instability 1.00
ym2 for resistance of net sections 1.25
Material |
Yield strength fy |355.0 |MPa
Ultimate strength |f, |490.0 |MPa
Fabrication Rolled

....:SECTION CHECK::...
The critical check is on position 6.000 m

Internal forces Calculated Unit
Normal force Ned 52.34 kN
Shear force Vyed |0.51 kN
Shear force Vzed |-198.13 kN
Torsion Ted 0.05 kNm
'Bending moment | Myed |-251.70 kNm
Bending moment | M:eq | 6.12 kNm

Classification for cross-section design
Classificaticn according to EN 1993-1-1 arficle 5.5.2
Classification of Internal and Outstand parts according to EN 1293 1-1 Table 5.2 Sheet

1&2

Clasé i~ Class(2 'Class 3
Limit Limit Limit
= - ] ) =]
1 SO 4.622e+04  |3.990e+04 ; i . s g
3 SO 116 25 4.986e+04 5.618e+04 0.9 04 1.0 |47 7.3 8.1 11.3 1
4 1 486 13 4.100e+04 -4.562e+04 |-1.1 0.5 |374 |60.0 69.1 112.4 1
5 SO 116 25 -5.084e+04 |-4.452e+04
7. SO 116 25 -5.448e+04 |-6.080e+04

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

Tension check
According to EN 1993-1-1 article 6.2.3 and formula (6.5)
Cross-section area A 2.2700e-02 |m?

Plastic tension resistance Npi,rd | 8058.50 kN
Ultimate tension resistance | Nyrd |8008.56 kN

Tension resistance Nerd | 8008.56 kN
Unity check 0.01 =
. 10-2[m?
Nosg = Axf,  22700-107%m?] = 355.0[MPa] — B058.50[kN]
™o 1.00
Nygg— 22 % Axfy _ 0.9x22700- 10:2(;«-] * 490.0[MPa] _ 8008.56{kN]
M2 -

N, kg = min (Npiga, Ny gg) = min (8058.50[kN], 8008.56[kN]) = 8008.56(kN]

. Ngqy 52.34[kN]
), 7 BT i ) ST W Tt O
Unity check Nora ~ 5008.56[kN] 0.01 < 1.00

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

Plastic section modulus | Wopiy 5.3333e-03 |m?
 Plastic bending moment | Mpiyrd | 1893.33 kNm
Unity check 0.13 -
Wiy % fy — 5.3333 - 10 7[m?] x 355.0{MPa]
™| 1.00
IMyral | =251.70[kNm]|
Moyra  1893.33[kNm)

= 1893.33[kNm]

Mpl. yRd =

Unity check =

= 0.13 < 1.00

(EC3-1-1: 6.6)

(EC3-1-1: 6.7)

(EC3-1-1: 6.5)

(EC3-1-1: 6.13)

(EC3-1-1: 6.12)
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Bending moment check for M,
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Plastic section rnodulus | Wi,z 1.1542e-03 |m?
| Plastic bending moment |Mgizrda [409.73 kNm
Unity check 0.01 -
Wy x f,  1.1542. 10 *[m?] % 355.0[MP.
Mz = —B2 Xl = 07 fm) 355, 0[MPal. _ 406:73[kNF] (EC3-1-1: 6.13)
MO 1.00
Unity check = 1‘11.26| = _‘91_2[1(_[\!51_”— = 0.01 < 1.00 (EC3-1-1: 6.12)

My.rs  400.73[kNm]

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

Shear correction factor n 1.20
| Shear area Av 1.5520e-02 | m?
Plastic shear resistance for Vy | Vpiyrd | 3180.97 kN
Unity check 0.00 -
f, N 355.0[MPa]
A, x == 1.5520-107?[m?] x ————
= V3 _ V3 - (EC3-1-1: 6.18)
Varg = —— == = 00 — 3180.97[kN]
Unity check = Vel _ _[OSUKNIL__ ¢ 0 - 1 o (EC3-1-1: 6.17)

Veyra  3180.97[kN]

Shear check for V;
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Shear correction factor n 1.20

Shear area Ay 9.3750e-03 'm?

Plastic shear resistance for Vz |Vpizrd | 1921.49 kN

Unity check 0.10 =
355.0[MPa]

A, x L/ 9.3750 - 10 3[m?] x

Vi = V3 V3 — 1021.49[kN] (EC3-1-1: 6.18)
Mo 1.00
; _ Veed _ |-19813[KkN]|
Unity check = Vorrs  192140(kN] 0.10 < 1.00 (EC3-1-1: 6.17)
Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)
Index of fibre : Fibre |2
Total torsional ¢ |Tea’ 103 MPa |
Elastic shear re: TRrd 205.0 |MPa
Unity check 0.00 |-
Ted = | Tea| X Teauo = 153.94| x 6.284[kN/m?’] = 0.3|[MPa]
£ 355.0[MPa
= = = -1 — 205.0[MP.
T V3 % Mo V3 % 1.00 oSl
Unity check = & — 03MPal__ o 05 100 (EC3-1-1: 6.23)

TRe  205.0[MPa]
Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

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

Plastic bending moment Mpiyrd |1893.33 'kNm
Exponent of bending ratioy |a 2.00
Plastic bending moment Mpizrd | 409.73 kNm
Exponent of bending ratio z | B 1.00

Unity check (6.41) = 0.02 + 0.01 = 0.03 -

i w,,‘..:‘ = [, 5333. mfl[rlrz]o X 355.0MPS] _ oon oot i

o = 2.00

—_ WP-L;: f, _ L1542, m-:lT;]Ox 350MP] _ 400 731 T—_—
. .

4=1.00

Unity check = (r"::"::!’) . (m‘;) e ( ' ;:;;_';;’IQ‘NN"':‘]][)W 0 ( Jg;ig‘[mﬂ])m ~0.03 < 1.00 (EC3-1-1: 6.41)

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

Note: Sinice 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 y-y axis is neglected.
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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.
«.::STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 6.000 m

Classification according to EN 1993-1-1 article 5.5.2

Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 Class 2 Class 3
[kN/m?2] [kN/m?2] Limit
[-]

1 116 25 4.622e+04 | 3.990e+04 i 3 5 3 i
3 SO 116 25 4.986e+04 |5.618e+04 |09 |04 [1.0 |4.7 7.3 8.1 11.3 1
4 I 486 13 4.100e+04 | -4.562e+04 |-1.1 0.5 |37.4 |60.0 69.1 112.4 1
5 SO 116 25 -5.084e+04 | -4.452e+04
7 SO 116 25 -5.448e+04 | -6.080e+04

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.3 and formula (6.54)

LTB parameters

Method for LTB curve Alternative case
Plastic section modulus Woly 5.3333e-03 m3
Elastic critical moment Mer 949.28 kNm
Relative slenderness Arel, LT 1.41
Limit slenderness Araltt0 | 0.40
LTB curve b
Imperfection Tt 0.34
LTB factor B 0.75
Reduction factor X 0.47
Correction factor ke 0.88
Correction factor f 0.99
Modified reduction factor XLT,mod | 0.47
Design buckling resistance | Mp,rd 897.39 kNm
| Unity check 0.28 T
Mcr_parameters [ | I =
L7B length lir 1 13.500 m
Influence of lead position no influence
Correction factor k 1.00
Correction factor kw |1.00
LTB moment factor C: |1.29
LTB moment factor C: 045
LTB moment factor C: |0.41
Shear centre distance d: |0 mm
Distance of load application |[zg |0 mm
Mono-symmetry constant By |0 mm
Mono-symmetry constant z |0 mm

w2 xExl,

/ 2 2
Mo = Cyx 225 x[v’(ki) x"3+ Rrx Gk o cona— Conn) = (Cn% —Coxz)| =120
(83 w 'z

72 x E X,

7 x 210000.0[MPa] x 1.1300 - 10 *[m']
13.500[m)2

2 2 6[m0 2 2 Ot 5
’ [\/( 1.00) 8.9782-10 °mf  13.500[m]* x 80769.2[MPa] < 3.9800 - 10 °[m*] 4 (0.45 x O[mm] — 0.41 % O[mm])® — (0.45 x O[mm] — 0.41 x O[mm])]

1.00) " 1.1300-10 *[m*] * =2 x 210000.0[MPa] x 1.1300 - 10 *[m’]
— 049.28[kNm]
Wy, xf,  [53333-10 %m’] x 355.0[MPa]
At Mer 949.28[kNm) LH
3=0.75
\ min —————_.—.*1 L 1 rnin( E A l) min (0.47.0.50, 1) - 0.47 (EC3-1-1: 6.57)
o= | — = y— — .47.0.50.1) = 0. -1-1: 6.
- \/% Bx 20y Xy 1.42 + /1.422 —0.75 x 1.412" 1.412

f=min {105 (1 k) x [1 — 2% (Aeiar —o‘a)’] .1} = min {105 x (1-088) x [1 —2 % (141 - 0.8)’] . 1} = min {0.99.1} = 0.99

\LTmod = Min (‘—;‘ 1) = min (g—'g%, 1) = min (0.47; 1) = 047

355,0[MPa]
1.00

f, |
Mi.Rd = XLTumod X Woly X :}—:; = 0.47 % 5.3333-10 3|m?¥ = 897.39[kNm]| (EC3-1-1: 6.55)
1



Mer_parameters |

LTB length lr | 13.500 m
Influence of lcad position no Influence
Correction factor k 1.00
Correction factor kw [1.00
LTB moment factor Ci |1.29
LTB moment factor C2 (045
LTB moment factor C: 041
Shear centre distance d: |0 mm
Distance of load application |zg |0 mm
Mono-symmetry constant By |0 mm
Mono-symmetry constant z |0 mm
MU=IE % —‘[-;L'x [ /(%) - %-g—:g—:t-(cg.qﬁ_c”z;)’_(czxz,_c,xz;) ~120
. =% % 210000.0[MPa] % 1.1300 . 10 *[m*]
13.500[m})’

/ 2 10 -Sfm® 2 P i 6 #
" [ (Loo) 8978210 °[m®]  13.500[m]?  80769.2[MPa] x 3.9800 - 10 %[m*] + (0.45 x O] — 041 x Gfmm])? — (045 x Ofrm) — 041 <0[mm])]

1.00/ © 1.1300.10 *[m%] 77 x 210000.0[MPa] = 1.1300 - 10 “[m*]

= 949.28[kNm)]

Wy, <f,  [5.3333-10-3[m? x 355.0[MPa]
Arel LT = Y P =1.41

949.28[kNm]|
4=0.75

1 1 1 1
=min| ——————.——,1| = min , ——=,1) = min(0.47,0.50,1) = 0.47
S o+ \J ot — 5% Ay et ' (1.42 + V1427 - 0.75 x 1.417" 1.412 ) Int )

F=min {1-0.5x (1 k) x [1 e (= 0.8)2] .1} = min {1-05x (1-088) x [1 —2x (141 — o.s)’] -1} = min {0.99.1} = 0.99

T rrod = min (‘—;' 1) = min (g‘%; 1) = min (047, 1) = 0.47

Mibd = X0T im0t X Wy x b _ b7+ 5333310 fm?] < ,35}1993191 - 897.39[kNm]
™ !

; My eal | —251.70[kNm]|
_ Myeal _ —0.28 < 1.
Unity check Mo 897.39[kNm] 0.28 < 1.00

Mote: C parameters are deteimined according to ECCS 119 2006 / Galea 2002.
Note: The correction factor ke is determinad from Cj.

Bending and axial tension check
According to EN 1993-1-3 article 8.3

Normal force Ned 52.34 kN
Bending moment My.ed -251.70 | kNm
Bending moment Mz,e4 6.12 kNm
Tension resistance | Ntrd 8008.56 | kN
Bending resistance | Mg,y rd 897.39 kNm
| Bending resistance | Mczrdcom | 409.73 | KNm

Unity check = 0.28 + 0.01 - 0.01 = 0.29 -
Nq g = min (Ng ge. N ra) = min (8058.50[kN]. 8008.56[kN]) = 8008.56[kN]

Mo.y.Rd = XLT.mod X Wiy X f _0.47 x5.3333. 10 *[m?] x ) 897.39[kNm)
M1 1.00
103 (m3
Mg Weizcom < fy _ 1.1542-10%[m?] x 355.0[MPa] _ 409.73[kNm]
™0 1.00

‘ _ Myedl . Moed [Neal  |-25170(kNmj| . J6.12[kNm]|  [52.34[kN]|
Unity check = s * Mezrocon  Nima — 897.39[kNm] ' 409.73[kNm] ~ 3008.56[kN]

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

=0.29 < 1.00

Buckling field length a 6.000 m
Web unstiffened

Web height hy | 540 mm
Web thickness t 13 mm
Material coefficient € 0.81

Shear correction factor |n 1.20

Shear Buckling verification

| Web slenderness hw/t |41.54

Web slenderness limit [48.82 |

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

The member satisfies the stability check.
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(EC3-1-1: 6.57)

(EC3-1-1:/6.55)

(EC3-1-1: 6.54)



EC-EN 1993 Steel check ULS
Values: UCoverall

Linear calculation

Combination: ULS-Set B (auto)
Coordinate system: Principal
Extreme 1D: Member

Selection: Bx8_1

Figure 2.2.3.3. 4: Middle beam

EC-EN 1993 Steel check ULS

Linear calculation

Combination: ULS-Set B (auto)

Coordinate system: Principal

Extreme 10: Global

Selection: Bx8_1

Filter: Cross-section = CS12-Beam2 - HEA600

EN 1993-1-1 Code Check
National annex: Czech CSN-EN NA

[Member Bx8_1 [0.000 / 9.000 m |HEAG600 S 355 |ULS-Set B (auto) [0.10 - |

Combination key
ULS-Set B (auto) / 1.15%LC1 + 1.15*LC2 + 1.05*LC3 +
1.05*LC4 + 1.50*3DWind4

ymo for resistance of cross-sections | 1.00 l
yms for resistance to instability 1.00 |
ymz for resistance of net sections 1.25 |
| Material |
Yield strength fy 1355.0 |MPa
Ultimate strength | fu |490.0 | MPa
Fabrication Rolled

The critical check is on position 0.000 m

Internal forces Calculated Unit

Normal force Ned -42.50 kN
Shear force Vyeda | -0.13 kN
Shear force Vied |72.27 kN
Torsion Ted 0.00 kNm
Bending moment |Myed | -167.83 kNm
Bending moment | M:e4 |-0.48 kNm

57
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Classification for cross-section design
Classification according to EN 1993-1-1 article 5.5.2

Classification of Internal and Outstand parts according to EN 1993 1-1 Table 5.2 Sheet 1 & 2

oy ‘01 ‘ L 4

ks

Class/2

Class-3

116 |25

foom) | [kh/m?] | TeN/mp |1 | CL 0

Limit
=] _

1 |sO 3.559e+04 |3.609e+04 (1.0 |04 (1.0 (4.7 |73 8.1 11.2
3 |SO 116 25 3.531e+04 |3.481e+04 |10 |04 |10 (47 |73 8.1 11.3
4 |I 486 13 3.075e+04 |-2.700e+04 |[-0.9 0.5 |37.4 |56.9 65.7 88.8
S |SO 116 25 -3.184e+04 |-3.233e+04
7 |SO 116 25 -3.155e+04 |-3.106e+04

Note: The Classification limits have been set according to Semi-Comp+.

The cross-section s classified as Class 1

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

Cross-section area A 2.2700e-02 |m?
Compression resistance | Ncrd | 8058.50 kN
Unity check 0.01 -
L 10-2m2!
W Axf,  2.2700-107%[m? x 355.0[MPa] _ 8058 50[KN]
™o 1.00
Unity check = Nea| _ |-42.500N)| _ g o, < 1.00

Ners  8058.50[kN]

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

Plastic section modulus | Wpiy 5.3333e-03 |m?
Plastic bending moment | Mpiyra | 1893.33 kNm

Unity check 0.09 -
f : -10 ¥[m? L0[MP
M= Woy x f, 5333310 *[m’] x 355.0[MPa] _ 1893.33[kNm)]
TMO 1.00
- ]
Unity check = IMxedl _ [Z167.83(kNm]| _ o g0 4 g9

Mpyra  1893.33[kNm]

Bending moment check for M.
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Plastic section modulus | Wgi,z 1.15422-03 | m?
| Plastic bending mement | My zrs | 409.73 kNm
Unity check 0.00 =
=3[y 3!
Mycrs = Wore x f, _ 1.1542 - 103[m?] x 355.0[MPa] _ 409.73[KNm
™o 1.00
Mees'  |—0.48[kNm}|

Unity-chack < St = g7 (ki)

Shear check for Vy
According to EMN 1993-1-1 article 6.2.6 and formula (6.17)

= 0.00 < 1.00

Shear correction factor n 1.20
Shear area Ay 1.5520e-02 | m?
Plastic shear resistance for Vy, |Vpiyrd | 3180.97 kN
Unity check 0.00 -

A, % L\/'_ 15520 . 10-3[m?] x 22>:0(MP3]
Voyra = 3 - V3 3180.97[kN]

MO 1.00

Unity check = Vyes _ [Z03KNIL _ o 6 < 1,00

Shear check for V:
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Shear correction factor n 1.20
Shear area Ay 9.3750e-03 |m?
Plastic shear resistance for V; |Vpizrgs | 1921.49 kN
Unity check 0.04 N
A, x l'.; 9.3750 - 103[m?] x 352[[—3@3—’
Vpizrd = ¥ . = 1921.49[kN]
™o 1.00

i = Vagal _ [72.27[kN]| _
Unity check = Veers ~ 192L49[kN] ~ 0.04 < 1.00
Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)
Index of fibre Fibre |2

Total torsional moment | Ted 0.0 MPa

Elastic shear resistance | Trd 205.0 |MPa
|Unity check 0.00 -

(EC3-1-1: 6.10)

(EC3-1-1: 6.9)

(EC3-1-1: 6.13)

(EC3-1-1: 6.12)

(EC3-1-1: 6.13)

(EC3-1-1: 6.12)

(EC3-1-1: 6.18)

(EC3-1-1: 6.17)

(EC3-1-1: 6.18)

(EC3-1-1: 6.17)



Ted = | Tedl % Teaune = |3.73| % 6.284[kN/m?] = 0.0{MPa]

f, 355.0[MPa] | _
dpe=— | 2303 0IMEa] L o0 bimea
VB e V3% 1:00 )

. _ 7es _ 0.0[MPa]
Unity check = . = 205.0[MPa]

=0.00 < 1.00 (EC3-1-1: 6.23)
Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

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

Plastic bending moment Mpiyrd | 1893.33 | kNm
Exponent of bending ratioy |a 2.00
Plastic bending moment Mpizrd |409.73 | kNm
Exponent of bending ratio z | B 1.00

Unity check (6.41) = 0.01 + 0.00 = 0.01 -
Wy, % f, 5333310 *[m?] x 355.0(MPa]

MeiyRd = i 500 = 1893.33[kNm) (EC3-1-1: 6.13)
o =2.00
W, x f,  1.1542-10*[m?] x 355.0[MP,
M2 ra = ";M: * - [';'olox (MPa] _ 409.73(kNm] (EC-11: 6.13)
3=1.00
) C o Myeal " | IMagal \7 f[—167.83[kNm][\*®  (|—0.48[kNm] | _
Unity check = (MW w) t(Wene) = (oo333000m)] 409 73(kNm] = 0.01 < 1.00 (EC3-1-1: 6.41)

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 y-y axis is neglected.

Note: Sinca the axial force satisfies criteria (6.35) of EN 1993-1-1 article 6.2.9.1(4) its effect on the moment
rasistance about the z-z axis is neglected.

The member satisfies the saction check.

Classification for member buckling design

Decisive position for stability c'assification: 7.200 m

Classification jaccording to EN 1993-1-1 article 5.5.2

Classification of Internal and Qutstend parts according fo EN 1993-1-1 Table 5.2 Sheet 1 8 2

oS [

t 1| o I S ST Claks 2 Class 3
[mm] [kN/m?2] [kN/m?2] [-1 Limit Limit
[-] [-]

1 SO 116 25 2.449e+03 |3.925e+03 0.6 0.5 |1.0 4.7 7.3 8.1 11.7 1
3 SO 116 25 1.600e+03 |1.231e+02 0.1 14 |1.0 |47 7.3 8.1 20.1 1
4 I 486 13 2.004e+03 |1.750e+03 0.9 1.0 374 |22.8 27.7 323 4
5 SO 116 25 1.304e+03 |-1.722e+02 |-0.1 |2.7 |09 |4.7 8.8 9.8 27.9 1
7 SO 116 25 2.154e+03 | 3.630e+03 0.6 0.5 |1.0 |47 7.3 8.1 11.7 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 4

Effective section N-
Effective width calculation
According to EN 1993-1-5 article 4.4

Id Type by o1 o2 (] ke A p be be1 be2
[mm] [kN/m?] [kN/m?] [-] [-] [-] [-] [mm] [mm] [mm]

SO 116 3.550e+05 |3.550e+05 1.0 (0.4 |0.3 |1.0 [116

SO 116 3.550e+05 |3.550e+05 |1.0 [0.4 |03 |1.0 |116

1 486 3.550e+05 |3.550e+05 |1.0 {4.0 |0.8 |0.9 |437 219 219

SO 116 3.550e+05 |3.550e+05 |1.0 |04 |0.3 /1.0 |116

SO 116 3.550e+05 [3.550e+05 [1.0 |04 |0.3 |1.0 116

Effective section My-
Effective width calculation
According to EN 1993-1-5 article 4.4

Id Type b o1 o2 {TT] Ko Ap P be be1 be2

NS e

[mm] [kN/m?2] [kN/m?2] [-] [-] [-] [-] [mm] [mm] [mm]
SO 116 3.550e+05  |3.550e+05 |10 04 0.3 [1.0 [116
SO 116 3.550e+05  |3.550e+05 |1.0 |04 |03 [1.0 [116
I 486 3.054e+05 |-3.054e+05 |-1.0 [23.9 |03 |1.0 |243 97 146

SO 116 -3.550e+05 | -3.550e+05
SO 116 ‘ -3.550e+05 | -3.550e+05

i\u.naw.-
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Efiective section Mz-
Eifective width calculation
According to EN 1993-1-5 article 4.4

Id Type by o1 a2 1] ko Ap 4} be be1 be2
[mm] [kN/m?2] [kN/m?2] -1 [-1 [-] -] [mm] [mm] [mm]

1 SO 116 3.550e+05 7.928e+04 0.2 |05 |03 [1.0 |116

3 SO 116 -7.928e+04 | -3.550e+05

4 I 486 0.000e+00 | 0.000e+00

5 SO 116 -7.928e+04 |-3.550e+05

7 SO 116 3.550e+05 |7.928e+04 |0.2 |0.5 |03 1.0 |116

Effective area Aest

2.2017e-02 |m?

Effective properties

Effective second | Ief,y 1.4123e-03 |m* Ieffz 1.1271e-04 |[m4
moment of area

Effective section |Wes,y |4.7874e-03 |m3 Wettz 7.5143e-04 |m3
modulus

Shift of the eny 0 mm | enz 0 mm
centroid

Flexural Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters Yy zz

Sway type sway non-sway
System length L 9.000 9.000 m
Buckling factor k 1.26 0.77

Buckling length ler 11.335 6.934 m
Critical Euler load Ner 22745.32 | 4871.29 kN
Slenderness A 45.48 98.28

Relative slenderness Arel 0.59 1.27

Limit slenderness Arelo | 0.20 0.20

Note: The slenderness or compression force is such that Flexural Buckling effects may be ignored
according to EN 1993-1-1 article 6.3.1.2(4).

72 x E x|, 7% % 210000.6(MPa] x 1.4100- 10 7[m*]

Mo = ) 11.335[m]?
N w2 X Ex|l; | 7% x 210000.06[MPa] x 1.1300 - 10~*[m*]
o 2, - 6.934|m)?
lery  11.335[m]
A= T 2a0mm) - 1048
_(erz ~/6.934{m], -
A i 7imm] | 9%:28
(B | 4548 % | 2200710 F[m7]
AR Uy 2.2700+ 10-2[m?)
Araty = =2 = =0.59
ax.JE + x . [ 210000.0[MPa]
; f, Y 355.0[MPa]
7 2.2017 - 10 ?[m?]
Aex gt 9828 \/ 22700 - 10-2[m?]
Arelz = — = =127

X g
7 fy

210000.0[MPa]

(2 \/ 355.0[MPa)

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Note: For this I-section the Torsional(-Flexural) buckling resistance is higher than the resistance

= 22745.32[kN]

~ 4871.29[kiN]

for Flexural buckling. Therefore Torsional(-Flexural) buckling is not printed on the output.
Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.3 and formula (6.54)

LTB parameters

Method for LTB curve

Alternative case

Effective section modulus | Wesr,y | 4.7874e-03 m3
Elastic critical moment e 4734.28 kNm
Relative slenderness Arel LT 0.60

Limit slenderness Meltto | 0.40

Note: The slenderness or bending moment is such that Lateral Torsional Buckling effects
may be ignored according to EN 1993-1-1 article 6.3.2.2(4).

(EC3-1-1: 6.51)

(EC3-1-1: 6.51)



LTB length It |9.000 m
Influence of load position no influence
Correction factor k 1.00

Correction factor kw |1.00

LTB moment factor Ci 375

| LTB mornent factor C2 1.66

LTB moment factor G |0.41

 Shear centre distance ~ |d. [0 mm_|
Distance of load application |zg |0 mm
Mono-symmetry constant By |0 mm
Mono-symmetry constant z |0 mm

f 2

72 x E x|, |3, G o, |

m:cw%‘[\/(k_) x i MES (kg -~ Cxg) — (Cax g~ G x )| =375
(83 W 2 d Iz

% 72 % 210000.0[MPa] x 1.1300 - 10 ‘[m*]
‘ 9.000[m]?

[v/(l.oo)2 8.0782 10 “[m"]  9.000[m]’ x 80769.2[MPa] x 3.9800 - 10 °[m*] | (1.6 x Ofmm] — 0.41 x Ofmmi)? — (1.66 x Omm] — 0.41 x Ofmmj)

100) *1.1300-10 *[w'] T 2 x 210000.0[MPa] > 1.1300 - 10 [m"]

= 4734.28[kNm]

Wetry % fy 4.7874 - 10~*[m?] x 355.0[MPa]
i - o= = 0.60
er

Arel LT 4734.28[kNm]

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

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters

Interaction method alternative method 2
Cross-section effective area Acst 2.2017e-02 m2
Effective section modulus Werty | 4.7874e-03 m3
Effective section modulus Wetz | 7.5143e-04 m3
Design compression force Nggd 42.50 kN
Design bending moment My,gd -167.83 kNm
(maximum)

Design bending moment M;z,ed -1.67 kNm
(maximum)

Additional moment | AMyed  [0.00 kNm
Additional moment AM:eqd | 0.00 kNm
Ciharacteristic compression Nitk 7815.95 kN
resistance o
Characteiistic moment resistance | My,ax 1699.52 kNm
| Characteristic moment resistance | Mz,rk 266.76 kNm

Bending and axial compression check parameters

| Reduction factor Xy 1.00
Reduction facto~ Xz 1.00
Modified reduction factor XLTmed | 1,00
Interaction factor Kyy 0.90
| Interaction factor vz 0.72 |
Interaction factor Kz 0,72
Interaction factor Kz 0.72

Maximum moment Myed is derived from beam Bx8_1 position 0.000 m.
Maximum moment Meq is derived from beam Bx8_1 position 9.000 m.

Interaction method 2 parameters

Method for interaction factors Table B.1

Sway type y sway

Equivalent moment factor Ceny 0.90

Resulting load type z linear moment M

Ratio of end moments Wz 0.29

Equivalent moment factor Cmz 0.72

Resulting load type LT line load q

End moment Mhur | -167.83 kNm
Field moment Msir | 54.85 kNm
Factor agLr [-0.33

Ratio of end moments WL 0.55

Equivalent moment factor Cmit [ 0.40

Unity check (6.61) = 0.01 + 0.09 + 0.00 = 0.10 -
Unity check (6.62) = 0.01 + 0.07 + 0.00 = 0.08 -

Cry = 0.90
Conz = Max (0.6 + 0.4 % (7, 0.4) = max (0.6 + 0.4 x 0.29, 0.4) = max (0.72,0.4) = 0.72

Contr = max (0.1 — 0.8 % agy71,0.4) = max (0.1 — 0.8 x —0.33,0.4) = max(0.36.0.4) = 0.40
Niw = Ag x f, = 2.2017 - 10 2[m?] x 355.0[MPa] = 7815.95[kN]

M, ji = Werry X f, = 4.7874 - 10 *[m?] x 355.0[MPa] = 1699.52[kNm)]

M, g =W, % f, = 7.5143 - 10__*[m’] x 355.C[MPa] = 266.76[kNm]
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v

= | Nea el . Nes
kyy=min [Cpy x 1 1+ 0.6-5¢ Aty x \——;E Gy 1 1+ 0.6 x . xb‘_i"_
f R % ™1
o 42 50[kN] 42 50[kN] _ _
=min [0.90 x | 1+ 0.6 x 0.59 x —1 . 78—1595(@ .090x | 1+0.6x —1 = 7815.95[kN] = min [0.90, 0.90] = 0.90
’ 1.00 : 1.00
kye = kpe = 0.72
key = 0.8 x kyy = 0.8 x 0.90 = 0.72
Kee = min | Cre x 14.0.6x,\,,.‘,xL TG R 14+0.6x —NE_
NRk NR
2 ¢ == Xz X —
ML ML
- _ 42.50[kN] _ 42.50[kN] - _
=min |0.72% [ 1+0.6x1.27 % TS5 072% [ 1+06x o Tewssp] || min [0.72,0.72] = 0.72
¢ 1.00 : 1.00
Uity etk (o61) = —el_ o i Wbl +iESb el | o Wesal d 10M.5i
. Nex y Ric 2 Rk
Xy X XLT.mod X
M1 ™ML ML
142.50[kN]| |—167.83[kNm]| + [0.00[kNm]| |~1.67[kNm]| + [0.00[kNm]|
T 100 . 7815.95(kN] +0:90:% . 1699.52[kNm] 02 266.76[kNm] =0:10=1.00
: 1.00 : 1.00 1.00
. __INed| | |My g4l + [AMy gq| My ed| + |AM, g4l
Unity check (6.62) New kzy % M, r + ke % M e
Xz X = XLTimod X — —
™M1 M1 M1
~ |42.50[kN]| |-167.83[kNm]| + [0.00[kNm]| |—1.67[kNm]| + [0.00[kNm]|
oo TB15.95[KN] | 0:12:% L 00 . 1699520Nm] 0.72:% 366.76[kNm] =0.08:=.2.00
; 1.00 i 1.00 1.00

Unity check = max (Urity lcheck (6.61), Unity check (6.62)) = max(0.10.0.08) = 0.10 < 1.00

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

Shear Buckling parameters

' Buckling field length a |9.000 m
Web unstiffened |
Web height hw | 540 mm

' Web thickness t 13 ~mm
 Material coefficient £ 1/0.81 |
Shear correction factor | n 1.20

Shear Buckling verification

Web slenderness hu/t |41.54

| Web slenderness limit 148.82 |
_hu_ 540[mm] _

byt = t  13[mm] 41.54

il 2xe T72x081

limit h,,/t = y T 120 48.82

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

The member satisfies the stability check.

(EC3-1-1: 6.61)

(EC3-1-1: 6.62)



EC-EN 1993 Steel check ULS
Values: UCovera

Linear calculation

Combination: ULS-Set B (auto)
Coordinate system: Principal
Extreme 1D: Member

Selection: Bx8_1

Figure 2.2.3.3. 5:Interior beam

EC-EN 1993 Steel check ULS

Linear calculation

Combination: ULS-Set B (auto)

Coordinate system: Prinzipal

Extreme 1C: Global

Selection: Bx22_1

Filter: Cross-section = CS12-Beam2 - HEA600

EN 1993-1-1 Code Check
National annex: Czech CSN-EN NA

[Member Bx22_1 [3.752 / 7.503 m |[HEA600 'S 355 [ULS-Set B (auto) [0.30 - |

Combination key
IULS—Set B (auto) / 1.15*LC1 + 1.15*LC2 + 1.50*LC3 +
1.50*LC4 + 0.90*3DWind12

Partial safety factors

ymo for resistance of cross-sections | 1.00
yms for resistance to instability 1.00
ymz for resistance of net sections 1.25

The critical check is on position 3.752 m

Internal forces Calculated Unit
Normal force Ned 51.59 kN
Shear force Vyed | 0.00 kN
Shear force V:ea | 0.00 kN
Torsion Tes -0.18 kNm
Bending moment | Myes |405.05 kNm
Bending moment | M:eq | 0.00 kNm
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The critical check is on position 3.752 m

Internal forces Calculated Unit
Normal force Ned 51.59 kN
Shear force Vyes | 0.00 kN
Shear force Vzea | 0.00 kN
Torsion Ted -0.18 kNm
Bending moment | Myes | 405.05 kNm
Bending moment | M:ed | 0.00 kNm

Classification for cross-section design
Classification according to EN 1993-1-1 article 5.5.2
Classification of Internal and Outstand parts according to EN 1993 1-1 Table 5.2 Sheet 1 & 2

Id-_Type |c t | oy,

tmm1| fmom1 | (peN/m] | Oezm) | ] (1 1 E17 /Limit Limit| Lt

oz | W ki a c/t/ Class 1~ Class(2 'Class3 | Class |

| g . ‘ — 3 [ =]

> § SO 116 25 -8.330e+04 |-8.330e+04

3 SO 116 25 -8.330e+04 |-8.330e+04

- 1 486 13 -7.197e+04 |6.742e+04 -1.1 0.5 |37.4 |60.0 69.1 107.8 1
5 SO 116 25 7.875e+04 7.875e+04 1.0 |04 (1.0 |47 7:3 8.1 11.4 1
7 SO 116 25 7.875e+04 7.875e+04 1.0 |04 1.0 (47 7.3 8.1 114 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

Tension check
According to EN 1993-1-1 article 6.2.3 and formula (6.5)
Cross-section area A 2.2700e-02 'm?
Plastic tension resistance Npi,rd | 8058.50 kN
Ultimate tension resistance |Nyrd4 | 8008.56 kN
Tension resistance Nera | 8008.56 kN
Unity check 0.01 -
. 10-2[m?
M A x f,  2.2700 -10"?[m?] x 355.0[MPa] §058.50[kN]
™Mo 1.00
. 10-2[m2
Nyrg = 09 xAxf, 09x22700 101 g“} x 490.0[MPa] _ 8008.56[KkN]
M2 &

N, ga = min (N ga: Ny ga) = min (8058.50[kN]. 8008.56[kN]) = 8008.56[kN]

i — Nea;  SLSOIKN] _
Unity check = Nigs ~ B008.56[kN] 0.01 < 1.00
Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Plastic section modulus | Wopiy 5.3333e-03 |m3
Plastic bending moment | Mgiy.rd | 1893.33 kNm

Unity check 0.21 -
¥ “3Im3 5
) — Wiy < fy — 15.3333-10 [m?} % 355.0{MPa] — 1893.33[KNm]
™Mo 1.00

IM, rd| . 1405.05[kNm]|

Unity check = My o — 1893.33[kNm] — 0.21 < 1.00
Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)
Index of fibre Fibre |2
Total torsional moment | Ted 1.1 MPa
Elastic shear resistance | Trd 205.0 | MPa
Unity check 0.01 -
Tes = | Tedl X Ted.une = |—181.66] x 6.284[kN/m2] = 1.1[MPa]
f, 355.0[MPa]
== = 205.0[MP.
i V3 x ~Mo V3 x 1.00 i
Uiy chisdk = 8 o LUMPHL 5 v 1,00

TRa  205.0[MPa]
Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.9.1 and formula (6.31)

[ Plastic bending moment [Mgiyrs [1893.33 [kNm |
| Unity check | |0.21 |- |

Wiy % f,  5.3333-1073[m7] x 355.0[MPa]

™o 1.00 i
[M, sl |405.05[kNm]|
Muiyra  1893.33[kNm]

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 y-y axis is neglected.

The member satisfies the section check.

Mgy ks = 1893.33[kNm]

Unity check = =0.21 < 1.00

(EC3-1-1: 6.6)

(EC3-1-1: 6.7)

(EC3-1-1: 6.5)

(EC3-1-1:6.13)

(EC3-1-1: 6.12)

(EC3-1-1: 6.23)

(EC3-1-1: 6.13)

(EC3-1-1: 6.31)
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...::STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 3.752 m

Classification according to EN 1993-1-1 article 5.5.2

Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 W Kb a ¢/t Class1 Class 2 Class 3 LClass

[KN/m?2] TEN/m?]

[ 61 1 (6] Gimit —dimic,— | dmit )

~N || . [ L= [ =TS
1 (SO [116 | |25 -8.330e+0% | -8.330e+04
3 S0 [116 |25 -8.330e+04 |-8.330e+04 | 1S
4 1 486 [13 -7.197e+04_|6.742e+04 _|-1.1 0.5 [37.4 |60.0 69.1 078 |1
5 |s0  |116 |25 7.875e+04 |7.875e+04 |1.0 |04 |1.0 |4.7 |7.3 8.1 11.4 1
7 |so  |116 |25 7.875e+04 |7.875e+04 |1.0 |04 |1.0 |4.7 |7.3 8.1 11.4 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.3 and formula (6.54)

LTB parameters

Method for LTB curve Alternative case
Plastic section modulus Woly 5.3333e-03 m3
Elastic critical moment Mer 1856.08 kNm
Relative slenderness Arel LT 1.01

Limit slenderness ArelL,0 | 0.40

LTB curve b

Imperfection ar 0.34

LTB factor B 0.75

Reduction factor XLT 0.69

Correction factor ke 0.94

Correction factor f 0.97

Modified reduction factor XTmod | 0.71

Design buckling resistance | Mo,rd 1348.82 kNm
Unity check 0.30 -
LTB length Ir |7.503 m
Influence of load position no influence

Correction factor k 1.00

Correction factor kw |1.00

LTB moment factor C |1.13

LTB moment factor C2 |0.45

LTB moment factor Cz 10.53

| Shear centre distance d: 0 mm
Distance of Ioad application [z |0 mm
 Mono-symmetry constant By. |0 mm_ |
Mono-symmetry constant z |0 mm

2 2 2 5
Me = Cy x = >(|‘2E)<k)( [‘/(kh) K%*{g:g:—rl' +(Caxzg—Caxzg) —(Caxzg—Cyxz)| =113
o w . 2

3 72 % 210000.0[MPa] x 1.1300.- 10 *[°]
7.503[m]?

1} [ \/ (%g S 8978210 °[m° ;. 7:503[m)® > 80769:2{MPa] x 3.9800 - 10 “Im*)

2 | b
*T1300 .10 i) T % 51 O[MPa] % 1.1300 - 10 4m’] +/(0.45 x O[mm]} — 0.53 x O[mm]}* - (0.45 x O[mm} — 0.53 = Olmm]):l

— 1856.08[kNm)]

1

. 10-3[m?3
iy — W X Fy \/5,3333 10-*[m?] < 355.0[MPa] _ |

1856.08[kNm)]
4=075
1 1 1 1
xor=min | ——————————— 1| = min ( T3 1) = min (0.69.0.98,1) = 0.69 (EC3-1-1: 6.57)
(m b — Bx My At ) 0.99 + /0.99* - 0.75 x 1.012" 1.017

f=min {105 (1— k) x [1-2x (Awer — 0.8) .1} = min {1~ 0.5 x (1 - 0.04) x [1-2x (1.01 - 0.8)?| .1} = min {0.97, 1} = 0.97

= mio (2 1 = i (952 )_ ; ”
AT mod = min ( : .1)—m|n(o.g7.1 = min(0.71.1) = 0.71

355.0[MPa]
1.00

Mu.gd = XiT.mod X Wiy X ,)f—; =0.71 x 5.3333. 10 *[m’] x = 1348.82[kNm)] (EC3-1-1: 6.55)
‘M1

i _ IMyga| _ |405.05(kNm]| _
Unity check = e — e Balkm) — 30 < 1:00 (EC3-1-1: 6.54)

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.
Note: The correction factor k. is determined from Ci.

The member satisfies the stability check.



2.2.3.3.3. Secondary Beam Check

EC-EN 1993 Steel check ULS
Values: UCoverall

Linear calculation

Combination: ULS-Set B (auto)
Coordinate system: Principal
Extreme 1D: Member

Selection: B776

Figure 2.2.3.3. 6:Edge secondary beam

EC-EN 1993 Steel check ULS

Linear calculation
Combination: ULS-Set B (auto)
Coordinate system: Principal
Extreme 1D: Global

Selection: B776

EN 1993-1-1 Code Check
National annex: Czech CSN-EN NA

[Member B776 | 2.571 / 6.000 m |HEA320 |S 355 |ULS-Set B (auto) |0.01 - |

Combination key
ULS-Set B (auto) / 1.35*%LC1 + 1.35*LC2 + 1.05*LC3 + ‘

0.90*3DWind8

Partial safety factors

ywmo for resistance of cross-sections | 1.00
ymi for resistance to instability 1.00
ywm2 for resistance of net sections 1.25

Yield strength f, 1355.0 | MPa
 Ultimate strength | fu |490.0 | MPa
Fabrication Rolled

«...:SECTION CHECK::...

The critical check is on position 2.571 m
Internal forces Calculated Unit
Normal force |Ned [-16.91 kN
Shear force Vyed | 0.00 kN
Shear force Vzed  |0.55 kN
Torsion Ted 0.04 kNm
Bending moment | Myed |5.68 kNm
Bending moment  |M:es | 0.00 kNm
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Classification for cross-section design
Classification according to EN 1993-1-1 article 5.5.2
Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

W\l ke la \cft/ Glass 1 Tlass'2 | Class 3 | Class

3 o1 &
[mm] '[kN/m’]‘

o2
TkN/m?] |

-] |1 [] [}/ Limit " Limit it

= = N -1\ _El
1 SO 118 16 -2.290e+03 | -2.290e+03
3 SO 118 16 -2.290e+03 | -2.290e+03
4 I 225 9 -1.429e+03 |4.148e+03 | -0.3 0.5 [25.0 |56.5 65.3 58.0 1
5 SO 118 16 5.009e+03 |5.009e+03 1.0 |04 [1.0 76 [7.3 8.1 11.4 2
7 SO 118 16 5.009e+03 5.009e+03 1.0 04 |1.0 |7.6 7.3 8.1 11.4 2
Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 2
Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)
Cross-section area A 1.2400e-02 | m?
Compression resistance | Ncrd | 4402.00 kN
Unity check 0.00 -
. 10~2]
Negy = A xf,  1.2400-107?[m?] x 355.0[MPa] 4402.00[KN] )
™o 1.00

; _ INeal _ |-16.91[kN]|
Unity check = N ~ 4402 00[N] 0.00 < 1.00 (EC3-1-1: 6.9)
Bending moment check for M,

According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)
Plastic section modulus | Wpiy 1.6292e-03  [m3
Plastic bending moment | Mpiyra | 578.36 kNm
Unity check 0.01 -
L 10-3m3
Mty = el  xfy _ 1.6292.103(m?)] x 355.0[MPa] _ &.36{kir] SO
™0 1.00
i _ Myedl _ I5.68[kNm]|
Unity check = Mpyga  578.36[kNm] 0.01 < 1.00 (EC3-1-1: 6.12)
Shear check for Vz
According to EN 1993-1-1 article 6.2.6 and formuia {6.17)
Shiear correction factor [n 1.20
Shear area A 4.0765e-03 |[m?
Plastic shear resistance for V. |Vpzra | 835.52 kN
Unity check [ 0.00 -
f, _ar o 355.0[MPa]
A, x =L 4.0765-1073[m?] x ———=
Vioera = ——Y3 V3 g3sso0kn] (EC3-1-1: 6.18)
Mo 1.00

> IVl | [0.58[kN]|
Unity check = Vibea T 835 50(kN] 0.00 < 1.00 (EC3-1-1: 6.17)
Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Index of fibre Fibre |2

Total torsional moment | Ted 0.5 MPa

Elastic shear resistance | Tes | 205.0 |MPa_

Unity check 0.00 -

Ted = | Tedl X Tequne = [38.11] x 1.436 - 10'[kN/m?] = 0.5[MPa]

B fy ~ 355.0[MPa]
™= V3 X 0 T V3x1.00 25I0MPS)

: _ Tes _ 05[MPa] ;i
Unity check = 2-—_—05,0[MPa] 0.00 < 1.00 (EC3-1-1: 6.23)
Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

Combined bending, axial force and shear force check

According to EN 1993-1-1 article 6.2.9.1 and formula (6.31)

Plastic bending moment [Mpiyrd |578.36 |[kKNm |

Unity check [ [o01 |- |

. 10-3m?3
My — Woy % f, _ 16202 10~[m’] x 355.0[MPa] _ 578.36{kNm] by
MO 1.00
Unity check = 1Myl _ [5.68kNml| _ o o) 409 (EC3-1-1: 6.31)

Muyra  578.36[kNm]

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 y-y axis is neglected.

The member satisfies the section check.
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Classification for member buckling design

Decisive position for stability ciassification: 2.571 m

Classification according to EN 1993-1-1 article 5.5.2

Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 W ke a c/t Class 2 Class 3 Class
[mm] [kN/m2] [kN/m?2] -1 -1 1 [ Limit Limit
[-] [-]

1 SO 118 16 -2.290e+03 | -2.290e+03

3 SO 118 16 -2.290e+03 | -2.290e+03

4 |1 225 9 -1.429e+03 |4.148e+03 | -0.3 0.5 [25.0 |56.5 65.3 58.0 1
5 |SO 118 16 5.009e+03 |5.009e+03 1.0 |04 |10 [7.6 7.3 8.1 11.4 2
7 |SO 118 16 5.009e+03 [5.009e+03 1.0 |04 |10 [7.6 7.3 8.1 11.4 2

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 2

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters YY zz

Sway type sway non-sway
System length L 6.000 6.000 m
Buckling factor k 1.00 1.00

Buckling length ler 6.000 6.000 m
Critical Euler load Ner 13184.15 |4024.53 kN
Slenderness A 44.15 79.91

Relative slenderness Arel 0.58 1.05

Limit slenderness Arelo |0.20 0.20

Note: The slenderness or compression force is such that Flexural Buckling effects may be ignored
according to EN 1993-1-1 article 6.3.1.2(4).

7 x Ex |, w? x210000.0[MPa] x 2.2900 - 10~*[m*]

L - = 13184.15[k
Nery . 5.000[m? 13184.15[kN]
72 x Ex | a° » 210000.6{MPa] x 6.9900 - 10~ *Im*]
= = ™1 _ 024/53]K
B ] S0P 2024 53]kN]|
. Ic.,x 7 G.GOOIm A
Ay = i, 136[mm] #4.15
ez 6.000[m]
Ae = i, 75[mm] iy
r Ay 44.15 -
Jy ™~ — = -
Ny o [E [ [210000.0[MPa]
Vi \/ 355.0[MPa]
5 X 79.91 i
relz = : =i
S JE . [210000.0(MPa]
\/ f, 355.0[MPa]

Torsional(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

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 1993-1-1 article 6.3.2.1 & 6.3.2.3 and formula (6.54)

LTB parameters

Method for LTB curve Alternative case

Plastic section modulus | Wpiy 1.6292e-03 m?
Elastic critical moment | Mcr 943.89 kNm
Relative slenderness ArelLT 0.78

Limit slenderness Areltt,0 | 0.40

Note: The slenderness or bending moment is such that Lateral Torsional Buckling effects
may be ignored according to EN 1993-1-1 article 6.3.2.2(4).

Mcr parameters

LTB length v |6.000 m
Influence of load position no influence
Correction factor k |1.00

Correction factor kw | 1.00

LTB moment factor Ci [1.13

LTB moment factor C; |0.45

LTB moment factor Cs |0.53

Shear centre distance d: |0 mm
Distance of load application |zg |0 mm
Mono-symmetry constant By |0 mm
Mono-synimetry corstant z |0 mm

(EC3-1-1:16.50)

(EC3-1-1: 6.50)



% E x| I % G x |, I
My = Cy % —— 7"7-’ [V ) X "%MQAE—HI 1 (Co¢ 2 — Caix Zj)* + (G2 x 25— C3 x z)| = 1.13
7 x 210000.0[MPa] x 6.9900 - 10 5[m*]
6.000[m]’

/(io * 1512410 %Im®] _ 6.000[m]’ x 80769.2MPa) x 1.0800 - 10 “|m’]
V' 100/ “69900-10 5[m¥] © =7 x 210000.0(MPa] = 6.9900 - 10 5[m’|

~ 943.89(kNm|

0.78

Air = o[ Woty X f, _ [1.6292-10-°[m’] x 355.0[MPa] _
VT M 943.89[kNm]
Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters

Interaction _method alternative_method 2
Cross-section area A 1.2400e-02 m2
Plastic section modulus Wiy 1.6292e-03 m3
Design compression force Ned 16.91 kN
Design bending moment My,ed 5.68 kNm
(maximum)

Design bending moment Mz,ed 0.00 kNm
(maximum)

Characteristic compression Ngx 4402.00 KN
resistance

Characteristic moment resistance | My rk 578.36 kNm
Reduction factor Xy 1.00

Reduction factor Xz 1.00

Modified reduction factor Xirmod | 1.00

Interaction factor Kyy 0.90

Interactior_factor Kz 0.54

Maximum mcment Myec is derived from beam B776 position 2.571 m.
Maximum mcment Mz ed is derived from beam 8776 positicn 0.000 m.

Interaction method 2 parameters

' Method for interaction factors Table B.1

Sway type y sway

Equivalent moment factor Comy C.9¢ A
Kesulting lozd type LT line load g

End moment Mhir |C.CO  |kNm
Field moment M.ur |5.68 kNm
Factor anur | 0.00

Ratio of end moments wLr 1.00

Equivalent_ moment factor Cmir |0.95

Unity check (6.61) = 0.00 + 0.01 + 0.00 = 0.01 -
Unity check (6.62) = 0.00 + 0.01 + 0.00 = 0.01 -

Cpny = 0.90

 Muur 0.00kNm]
MU Mo 5.68kNm] 0.00

Contr = 0.95 + 0.05 x a7 = 0.95 + 0.05 x 0.00 = 0.95
Npy = A x f, = 1.2400 - 10 2|m?] x 355.0[MPa] = 4402.00[kN]
M, g = Wy  f, = 1.6202 - 10 *[m?] x 355.0[MPa] = 578.36[kNm)]

Kyy = Min { Cony % | 1+ (Arety — 0.2) x Jﬁgm Cmy | 1+08x —NES =
Xy X == Xy X ===
M1 M1
. 16.91[kN] 16.91[kN] - B
=min ¢ 0.90 x |1+ (058 —0.2) x %x 4402.00[kN] ,090x | 1408 x p— 4402.00[kN] = min {0.90,0.90} = 0.90
1.00 . 1.00

ks = 0.6 x k,, = 0.6 x 0,90 = 0.54
|Ngg|
N

[Mygd| + |AM, gq) ik » [Mzed| + |AM; eqf
yz X

+ kyy X
L4 M, ki M. ri
Xy X XLT.mod X
ML ™M1 M

Unity check (6.61) =

+ (0.45 % O[mm] — 0.53 * O[mm])? — (0.45 % O[mm] — 0.53 x O[mm])



_ [691kN] o 5.68{kNm]| + [0.00[kNm]| o o [0.00[kNm]| + |0.00(kNm]|
T 100  MO200RN] TR 678 36lkNm] T T 251 460kNm]
ST 100 ; 1.00 1.00
Unity-check (6.62) = LNl { f, o Myed 7 180Myed )\ 1 Mol |AMe g
1 Ngy ; M, Ri M.y
. (3 hoi LT mod X~ ¥ R
™1 ML M1
| a
 [169KN] o, [5.68[kNm]| - [0.00[kNm]| | [0.00[KNm]| -+ [0.00[kNm]|
100 4402.00[kN] 100 » 578:36[kNm] 251.46[kNm]
: 1.00 : 1.00 1.00

Unity check = max (Unity check (6.61), Unity check (6.62)) = max(0.01,0.01) = 0.01 < 1.00

Shear Buckling check
According to EN 1993-1-5

article 5 & 7.1 and formula (5.10) & (7.1)

| Shear Buckling parameters |
Buckling field length a 6.000 m
Web unstiffened

Web height hw 1279 mm.
Web thickness t 9 mm
Material coefficient e |081

Shear correction factor | n 1.20

Web slenderness
| Web slenderness limit

hw _ 279[mm]
hy/t = e o 31.00
% , 72xs 72x0.81
limit hy,/t = g T 48.82

Note: The web slenderness is such that Shear Buckling effects may be ignored

according to EN 1993-1-5 article 5.1(2).
The member satisfies the stability check.

2.2.3.3.4. Column Check

EC-EN 1993 Steel check ULS
Values: UCoverall

Linear calculation

Combination: ULS-Set B (auto)
Coordinate system: Principal
Extreme 1D: Member

Selection: B779

70

Figure 2.2.3.3. 7:Corner column

~0.01 < 1.00

~0.01 < 1.00

(EC3-1-1: 6.61)

(EC3-1-1: 6.62)
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EN 1993-1-1 Code Check
National annex: Czech CSN-EN NA

| Member B779 [12.600 / 12.600 m | SHS350/350/14.2

|$355 |ULS-Set B (auto) |0.18 - |

Combination key
ULS-Set B (auto) / 1.15*LC1 + 1.15*LC2 + 1.05*LC3 +
1.05%LC4 + 1.50*3DWind4

Partial safety factors

ymo for resistance of cross-sections |[1.00
ymy for resistance to instability 1.00
ym2 for resistance of net sections 1.25
Yield strength f, 1355.0 | MPa
Ultimate strength |f. [490.0 | MPa

| Fabrication Rolled

...:SECTION CHECK::...
The critical check is on position 12.600 m

Internal forces Calculated Unit

Normal force Nea -636.53 kN
Shear force Vyed |-8.80 kN
Shear force V;ed  |-33.66 kN
Torsion Ted 10.61 KNm
Bending moment | Myed | -54.62 kNm
Bending moment | M:ed | -10.41 kNm

Classification for cross-section design
Classification according to EN 1993-1-1 article 5.5.2
Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 v ke a c/t Class 1 Class 2 Class
[mm] [kN/m?2] [kN/m2] -1 -1 [ Limit Limit
[-] [-]
1 I 307 14 6.435e+04 | 5.526e+04 0.9 1.0 |21.6 |22.8 27.7 32.5 1
3 I 307 14 5.264e+04 |4.950e+03 |0.1 1.0 |21.6 |228 27.7 45.1 1
5 I 307 14 3.167e+03 | 1.225e+04 |0.3 1.0 |21.6 |22.8 27.7 41.6 1
7 I 307 14 1.488e+04 |6.256e+04 0.2 10 |21.6 [228 27.7 42.0 1

Note: The Classification limits have been set according to Semi-Comp+.

The cross-section is classified as Class 1

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

Cross-section area A 1.8900e-02 |m?
Compression resistance | Ncrd | 6709.50 kN
Unity check 0.09 =
o2 >
Ny — A fy_ 1890010 ['Inf)lo * 355.0[MPa] 6709.50[kN|
MO :

(EC3-1-1: 6.10)
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[Neo| |1 -636.53[kN]|
N.gg  6709.50[kN]

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

Unity check =

=0.09 < 1.00

 Plastic section modulus  |Wpiy | 2.36402-03 | m?
Plastic bending moment | Mgyre | 839.22 KNm
Unity check 0.07 =
L 10-3[ 3
o Wiy x f, _ 23640 - 10%[m’] x 355.0[MPa] _ 839.22[kNm)
o 1.00
Unity check = (Medl _ [=5462(kNml| _ o o7 4 g

Muyre  839.22[kNm]

Bending moment check for M.
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Plastic section modulus | Wiz 2.3640e-03 | m?

Plastic bending moment |Mpizrd |839.22 kNm

Unity check 0.01 -

Wiz x f, 23640 - 10~*[m?] x 355.0[MPa]
Mo 1.00

[Mzgs| _ |—10.41[kNm]|

Unity check = M 483@1’“2[7(‘&;1_]4 = 0.01 < 1.00

Shear check for V,
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Mgz e = = 839.22[kNm]

Shear correction factor n 1.20
Shear area Ay 9.4500e-03 |m?
Plastic shear resistance for Vy, |Vpyrd |1936.87 kN
Unity check 0.00 -

Ax -t 0.4500.10-m?) x S20MPa]
Vouypd = V3 V3 103687(kN]

MO 1.00

Unity chack = [Yeedl _ [-880INIL _ o 0 4 g

Veyre  1936.87[kN]

Shear check for V- \
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

| Shear correction factor n_ 1.20
Shear area Ay 9.4500e-03 | m?
Plastic shear resistance for V: |Vpizrd | 1936.87 kN
Unity check 0.02 -
Ayx -f\}— 9.4500 - 10-3m?] x >22-0MPa]
Vioraka = 3 V3 1936.87[kN]
MO 1.00
. _ IVaedl _ [—33.66[kN]|
Unity check = V—”m = —1936.87[kN] =0.02 < 1.00
Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)
Index of fibre Fibre |1

Total torsional moment | Teq 3.3 MPa
Elastic shear resistance | Trd 205.0 |MPa

Unity check 0.02 |-
Ted = | Ted| % Tegune = 11061276/ x 3.123 - 10 '[kN/m’] = 3.3[MPa]
f, 355.0[MPal)
= =2 — = =11 — 205.0[MP.
TRe \/- X Mo V3 % 1.00 [ 3]

s 33MPal_ 55 < 1.00

i h = — — =
Unity check = . = 205.0[MPa]

Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as

insignificant and is ignored in the combined checks.

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

Design plastic moment resistance |Mny,rd | 839.22 kNm
reduced due to Neg

T

reduced due to Ned
Exponent of bending ratio z g 1.68

(EC3-1-1: 6.9)

(EC3-1-1: 6.13)

(EC3-1-1: 6.12)

(EC3-1-1: 6.13)

(EC3-1-1: 6.12)

(EC3-1-1: 6.18)

(EC3-1-1: 6.17)

(EC3-1-1: 6.18)

(EC3-1-1: 6.17)

(EC3-1-1: 5.23)



Unity check (6.41) = 0.01 + 0.00 = 0.01 -

— L [839.22[kNm] % (1—0.09)

) qu(l—n).M,,.A,m]— BN

0.5 % ratioaw

o = Max mm(¢
(A 1-1.13xn?

My ra = min [;\4

.6\, .1] = max [nin( 1661 | 6) .1] = max [min (1.68,5) 1] = 1.68
J \1—113 x 0.09* ¥

Mn2ra = min [Mﬂi’i‘ii»(i:l) M.,.,‘Rd] — min [839'22"‘”’"] 3 0‘09).339.22[kNm]] — min [095.60[kNm]. 839.22[kNm]] = 839.22[kNm]

1 - 0.5 x ratiop ¢’ 1-05=0.47

1= max |min (¢ 6) 1| = max min(L
o 1-113xn2" )77 7 1- 113 x 0.09%

) ~ (IMyea \* Mogsl \”  /1—54.62[kNm]|\**® = /|—10.41[kNm]|\ "
Unity.check = (MN,W T\ Muzra) — 830.22kNm] *\ 839.22[kNm] =0.01=-1.00

6) 5 1] = max [min (1.68.6) .1] = 1.68

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The member satisfies the section check.
..:iSTABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 9.100 m

Classification according to EN 1993-1-1 article 5.5.2

Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

t o1 o2 y ke a Class 2 Class 3
[mm] [kN/m?2] [kN/m?2] <1 -1 [-] Limit Limit
[-] [-]
1 1 307 14 -3.420e+03 |1.438e+04 |-0.2 0.8 [21.6 |29.8 35.8 54.2 1
3 1 307 14 1.757e+04 |6.877e+04 |0.3 1.0 |21.6 228 27.7 41.7 1
5 1 307 14 7.031e+04 5.251e+04 0.7 1.0 |21.6 |22.8 27.7 33.9 1
Vi 1 307 14 4.932e+04 |-1.877e+03 |0.0 1.0 [21.6 239 28.9 48.3 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Sway type sway non-sway
System length 1L 3.500 3.500 m
Buckling factor K 1.95 0.58

Buckling length ler 6.840 2.020 m
Critical Euler load Ner 15597.86 |178802.49 |kN
Slenderness A 50.11 14.80

Relative slenderness Arsl 0.66 0.19

Limit slenderness Aslo | 0.20 0.20

Buckling curve a a

Imperfection a 0.21 0.21

Reduction factor X 0.87 1.00

Buckling resistance Nbrd | 5820.57 | 6709.50 kN

Flexural Buckling verification
Cross-section area |A 1.8900e-02 | m?
Buckling resistance | Nbgrd | 5820.57 kN

Unity check 0.11 -
w2 x E x| 7% % 210000.0[MPa] x 3.5210 - 10~*[m*]
Nery = L= ~ 15597.86[kN
v z, 6.840[m]? [kN]
- mx Exl, 7% x210000.0[MPa] x 3.5210. 10 *[m*]
Neca = =—f— - > G0 ~ 178802.49[kN]
ley  6.840[m]
A== — = 50.11
iy 136[mm]
ez 2.020[ml -
Ae = i 136[mm] 14.80
N = Ay o 50.11 — 066
.« [E _ . [210000.0MPa]
f, 355.0[MPa)
A= =2 14.80

=—I=0.19
i /210000.0[MPa)
T\ 355.0[MPa}
Py=0.5% [1 4+ ay x (Aery —Aray0) + A5y = 0.5 % [1+0.21 x (0.66 - 0.20) + 0.667] = 0.76

ey,

e =05 % [1+ap % (Metz — Awzo) + My ] = 0.5 x [1+0.21 x (0.19 — 0.20) + 0.19%] = 0.52

rel.z,
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.839.22[kNm1] = min [095.60[kNm]. 839.22[kNm]] = 839.22[kNm]  (EC3-1-1: 6.39)

(EC3-1-1: 6.40)

(EC3-1-1: 6.41)

(EC3-1-1: 6.50)

(EC3-1-1: 6.50)



X 1 ! o 1 1 _rpes _
\y = min (— 5l min (Wﬁ G662 1) = min (0.87,2.32,1) = 0.87 (EC3-1-1: 6.49)

: 1 e ——=14 | | 1 |1} ; 55.1) — y
fe=omia | - -A«:f—l\gs = 'min (0_52 = LTIk 04192.1) = min(1.00,26.65, 1) = 1.00 (EC3-1-1: 6.49)
£ R *z reli2 -
L1022
Noy g = X% A f, _ 0.87 x 1.8900- 10~%[m? x 355.0[MPa] _ 5820.57[kN] P —
M1 1.00
L 10-2[m?
N g = Xa X A x f, _ 1.00 x 1.8900 - 10~*[m?] x 355.0[MPa] _ 6709.50[kN] (EC3-1-1: 6.47)
M 1.00
Npa = min (Nyy g, Npra) = min (5820.57[kN], 6709.50[kN]) = 5820.57[kN]
Unity check = [Nedl _ [Z636.53(kN)| _ o oy 4 g0 (EC3-1-1: 6.45)

Np rd 5820.57[kN]

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concerns a RHS section which is not susceptible to Torsional(-Flexural) Buckling.

Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1

Note: The cross-section concerns an RHS section with 'h /b < 10 / A2
This section is thus not susceptible to Lateral Torsional Buckling.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters

Interaction method alternative method 2
Cross-section area A 1.8900e-02 m?2
Plastic_section modulus Woly |2.3640e-03 m3
Plastic section modulus Wopl: | 2.3640e-03 m?
Design compression force Ned 636.53 kN
Design bending moment Myed |58.64 kNm
(maximum)

Design bending moment Mzra | 20.39 kNm
 (maximum)

Characteristic compression Nrk €709.50 kN
 resistance i

 Characteristic moment resistance | Mqx | 839.22 kNm
 Characteristic moment resistance | M.px | 839.22 kNm
Reduction factor Xy 0.87

Reduction factor Xz 1.00

Reduction factor Xt 1.00

Interaction factor Kyy 0.94

Interaction factor Kyz 0.24

Interaction factor kzy 0.57

Interaction factor Kz 0.40

Maximum moment Myeqd is derived from beam B779 position 9.100 m.
Maximum moment M;eq is derived from beam B779 position 9.100 m.

Interaction method 2 parameters

Method for interaction factors Table B.1

Sway type y sway

Equivalent moment factor Cmy 0.90

Resulting load type z linear moment M

Ratio of end moments Y -0.51

Equivalent moment factor Cmz 0.40

Resulting load type LT line load g

End moment Mnh.r | 58.64 kNm
Field moment Msir |3.14 kNm
 Factor Gsur | 0.05

Ratio of end moments YLt -0.93

Equivalent moment factor Cir 1 0.40
Unity check (6.61) = 0.11 + 0.07 + 0.01 = 0.18 -
Unity check (6.62) = 0.09 + 0.04 + 0.01 = 0.14 -

Cpny = 0.90
Cinz = max (0.6 + 0.4 x ¢,.0.4) = max (0.6 + 0.4 x —0.51.0.4) = max (0.40,0.4) = 0.40

_ Mo _ 3.14[kNm] _
P Moot | 58.64[kNm] 9:0n

Conir = max (0.2 + 0.3 x 0y7.0.4) = max (0.2 +0.8 % 0.05,0.4) = max (0.24,0.4) = 0.40
N = A x f, = 1.8900 - 1€ ?[m?] x 355.0[MPa] = 6709.50[kN]
My i — Wiy % fy=2.3640+ 10 *[m’] x 355.0[MPaj = 839.22[kNm]
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M. ri = Wiz x f, = 2.3640 - 10 >[m?] x 355.0[MPa] = 839.22[kNm)]

: Neg N
Kyy =min { Gy X |14+ (Keery|— G.2) % — N | Comy x [T 08 x :Jm
L S g Ky e 7
ML M1
T 636.53[kN] 636.53[kN] — B
~min{ 090 % [1+ (0.66 - 0.2) x o 5709500 090% [1+08x 57950 - min {0.94,0.98) — 0.94
1.00 : 1.00
kyz = 0.6 % ks, = 0.6 x 0.40 = 0.24
Kay = 0.6 % kyy = 0.6  0.94 = 0.57
.  Ne e 636.53(kN] s .
Kez = min | s Cone ¢ | 14 0.8 % N min [0.40.0.40 x [ 1+ 0.8 x s 51090 min [0.40.0.43] — 0.40
Xe ML ’ 1.00
i __INes| [My£d| + |AMy gl IMz gd| + |AM:eq|
Unity check (6.61) = —" N Kyy X = Mygry + Kyp x L2 e
Xy X = Xur X = ——
M1 M1 T
636.53[kN] |58.64[kNm]| + [0.00[kNm]| 120.39[kNm]| -+ [0.00[kNm]| et
0,67  6709:50KN] .42 Lo 839220kNm] Rzl 839.22[kNm] =040 =50
: 1.00 ‘ 1.00 1.00
; [Nes| [My.edl + [AMyed| [Mzgd| + |AM, gdl
Unity check (6.62) — - N + kgy x Mor, + kg % Mo e
Xa X - LT X =
M ML ML
1636.53[kN]| |58.64[kNm]| + 10.00[kNm]| 120.39[kNm]| 4+ [0.00[kNm|| (AR
3 00 x 870950[KN] 0.57 = 1,00  B39-22[kNm] e 839.22[kNm] Gias aiay
) T 100 1.00

Unity check = max (Unity check (6.61). Unity check (6.62)) = max(0.18.0.14) = 0.18 < 1.00
The member satisfies the stability check.

EC-EN 1993 Steel check ULS
Values: UCoverat

Linear calculation

Combination: ULS-Set B (auto)
Coordinate system: Principal
Extreme 1D: Member
Selection: B812

Figure 2.2.3.3. 8:Edge column
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EN 1993-1-1 Code Check
National annex: Czech CSN-EN NA

[Member BE12 [12.600 / 12.600 m ISHS350/350/14.2 [$355 [ULS-Set B (auto) [0.39 - |

Combination key| | | |/

ULS-Set B (auto) / 1.15*LC1 + 1.15*LC2 + 1.055LC3 +
1.05*LC4 + 1.50*3DWind16

Partial safety factors

ymo for resistance of cross-sections | 1.00
ym1 for resistance to instability 1.00
ym2 for resistance of net sections 1.25

Yield strength fy [355.0 |MPa
Ultimate strength |f, |490.0 |MPa
Fabrication Rolled

....:SECTION CHECK::...
The critical check is on position 12.600 m

Internal forces Calculated Unit
Normal force Ned -111.36 kN
Shear force Vyed |-1.82 kN
Shear force Vzed | 109.07 kN
Torsion Ted 14.52 kNm
' Bending moment | Myes | 306.60 kNm
Bending moment | Mzed |-5.14 KNm

Classification for cross-section design
Classification according to EN 1993-1-1 article 5.5.2
Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

t o1 o2 v ke a c/t Class 2 Class 3 Class
[mm] [kN/m?2] [kN/m?2] [-1 -1 -1 [-1 Limit Limit
[-] [-]
1 1 307 14 -1.381e+05 |-1.426e+05
3 1 307 14 -1.304e+05 |1.373e+05 |-0.9 0.5 |21.6 |56.3 65.1 95.6 1
S I 307 14 1.499e+05 1.544e+05 1.0 1.0 [21.6 |22.8 27.7 31.2 1
17 3 307 14 1.422=+05 |-1.255e+05 |-0.9 0.5 |21.6 |53.3 62.0 89.2 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

Compression check
According to EN 1993-1-1 article 6.2.4 and fornula (6.9)

Cross-section area A 1.8900e-02 | m?
 Compression resistance |Nerd | 6709.50 kN
Unity check 0.02 o
. -+ 5
Ny g — Ax f,  1:8900-10*[m’] x 355.0[MPa] 6709.50[kN]
MO 1.00
Unity check = INeal | 1=11L360NY_ gl 50

Negra  6709.50[kN]

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

Plastic section modulus | Wpiy 2.3640e-03 |m?

&astic bending moment |Mpiy.rs | 839.22 kNm

Unity check 0.37 -

Wiy, % f,  2.3640 - 10-3[m?] x 355.0[MPa]
™o 1.00

IM,cal  [306.60[kNm]|
Mpyra  839.22[kNm]

Bending moment check for M;
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Plastic section modulus | Wiz 2.3640e-03 | m3

Plastic bending moment | Mpizrd | 839.22 kNm

Unity check 0.01 -

Wiz x f,  2.3640 - 10*[m?] x 355.0[MPa]
TMO = 1.00

: _ Megal _ |-5.14[kNm]| _

Unity check = v e §39.22[kNm] 0.01 < 1.00

Shear check for Vy

According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Moiyra = = 839.22[kNm]

Unity check =

=0.37 < 1.00

Mpizra = = 8309.22[kNm]

Shear correction factor n 1.20

Shear area Av 9.4500e-03 | m?
Plastic shear resistance for Vy | Vpiyrd | 1936.87 kN
Unity check 0.00 -

(EC3-1-1: 6.10)

(EC3-1-1: 6.9)

(EC3-1-1: 6.13)

(EC3-1-1: 6.12)

(EC3-1-1: 6.13)

(EC3-1-1: 6.12)
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Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Shear correction factor

n 1.20
Shear area A 9.4500e-03 |m?
Plastic shear resistance for Vy | Vpiyra | 1936.87 kN
Unity check 0.00 -
A, % :f/ls 9.4500 - 10 m?] i&?ﬂgﬂiﬂ
Vopd = —2 5 = n x =1936.87[kN]
Unity check = [vx&dl _ ZLE2[NIL -y oq < 1.00

Veyrd  1936.87[kN]

Shear check for V;
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Shear correction factor n 1.20

Shear area Av 9.4500e-03 | m?

Plastic shear resistance for V; |Vgzrd |1936.87 kN

Unity check 0.06 -

A, % \% 0.4500 - 10-*[m?] x 3#/[%“&1

Vorerd = e = 1.00 = 1936.87[kN]
. _ IVeedl  |109.07[kN]l

Unity check = V“e " = —-—————1936.87IkN| = 0.06 < 1.00

Torsion check

According to EN 1993-1-1 article 6.2.7 and formula (6.23)

Index of fibre Fibre |1

Total torsional moment | Ted 4.5 MPa
Elastic shear resistance | Trd 205.0 |MPa

Unity check 0.02 |-
Ted = | Teal % Teduni = [14521.49| x 3.123 - 10 }[kN/m?] = 4.5[MPa]
. fy  _ 355.0[MPa] _ 205.0[MPa]

T Bxmo V3 x1.00

TEa __4.5[MPa]

e 205.0[MPa] ~ -02=1.00

Unity check =
Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant. and'is ignered in the combined checks.

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.9.1 and formula (€.41)

Design plastic moment resistance |Mpyrd |839.22 |kNm
| reduced due to Ned
Exponent of bending ratio y a 1.66
Design plastic moment resistance | Myzra |839.22 |kNm
reduced due to Neg
Exponent of bending ratio z B 1.66

Unity check (6.41) = 0.i9 + 0.00 = 0.19 -

(EC3-1-1: 6.13)

(EC3-1-1: 6.17)

(EC3-1-1: 6.18)

(EC3-1-1: 6.17)

(EC3-1-1: 6.23)

My yrd = min [i"if’as;f:fg{;:"i My, ,_ml = min [%I"_Eéﬂéz,gi;@eagzzlklel = min [1081.69[kNm], 839.22(kNm]] = 839.22[kNm]  (£C3-1-1: 6.39)
o = max [min (#636)("26) ‘1] = max [min (#6200226) .1] = max [min (1.66.6) .1] = 1.66
M .00 = min [';Ai_og%%ﬁ RN [ [839-2211"_"“;‘; x 571.4; °'°2).339.22[mm]l = min [1081.69[kNm], 839.22[kNm]] = 839.22[kNm]  (EC3-1-1: 6.40)
4= max [min (ﬁ:x_rﬁo) ; 1] = max [min (%0—256) v lJ = max [min (1.66.,6) . 1] = 1.66

) IM, ea] \* [M.eql " /]306.60[kNm]| "% |-5.14[kNm]|\ %
Unitychick = (MN,,,R,. A\ Murrs) — \ 839.22kNm) * 839.22[kNm) =Q1951:00

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

resistances is neglected.
The member satisfies the section check.

Classification for ber buckling desig

Decisive position for stability classification: 12.600 m
Classification according to EN 1993-1-1 article 5.5.2
Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

t o1 o2 ke a c/t Class 1 Class2 Class3 Class
[kN/m?2] [kN/m?] -1 -1 -1 [-] Limit Limit
[-] [-]
-1.381e+05 | -1.426e+05
3_— -1.304e+05 .373e+05 2 i
)i_.tl,.. 4307 114 11,499e+05 |1.544e+05 1.0 | = 1.0 121.6 ;228 277 _ |312 |1
7 I 307 14 1.422e+05 |-1.255e+05 |-0.9 0.5 |21.6 [533 62.0 89.2

(EC3-1-1: 6.41)
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Note: The Class fication limits have been set according to Semi-Cormnp+.
The cross-section s classified as Class 1

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters Yy zz
Sway type sway non-sway
System length L 12.600 | 12.600 m
Buckling factor k 1.33 0.50
Buckling length ler 16.729 6.313 m
Critical Euler load Ner 2607.66 |18313.53 kN
Slenderness A 122.56 46.25
Relative slenderness Arel 1.60 0.61
Limit slenderness Arelo | 0.20 0.20
Buckling curve a a
Imperfection a 0.21 0.21
Reduction factor X 0.33 0.89
Buckling resistance NbRrd | 2225.94 |5957.91 kN
Flexural Buckling verification
Cross-section area |A 1.8900e-02 |'m?
Buckling resistance | Nprg |2225.94 kN
Unity check 0.05 -

_ w x Ex|l, =% x 210000.0[MPa] x 3.5210 -10~*[m] _
Ney = e 16.7250m]" = 2607.66[kN]

7 x Ex Iz _ 7% x 210000.0[MPa] x 3.5210 - 10~*[m?]

Nox= T ke — 18313.53(kN]
= ey 26:729[m]
A= Taeimm) 12290
_ e 6.313[m] _
P 136[mm] 4022
A by, 122.56 w4
reby = =T =ty
"L [E L [210000.0[MPa]
" INE "\ T355.0[MPa]

Az 46.25

W SR — . —
- /E . . 210000.0MP3]
TWE L 355.0[MPa]

ey =05 x {1 b ay x (Arely — Araly0) + A% ,] = 0.5 [i +0.21 x (1.60 — 0.20) + 1.60?] = 1.93

e =05 x A1+ 0r X (Aretz — Aretz0) + Az = 0.5 x [L+0.21 x (C.61 — 0.20) + 0.61%] = 0.72

1 1 1

) 1
=min | ———. 51| = —_— . —— 1) = min(0.33,0.39,1) = 0.33
. " eyt R — AL, Ay mm(l.93+ V1.037 — 1.607 " 1.60? ) it )

1 1 1 1
mmin | — A1 3| =min(—— .1 1) = min(0:89,2.73,1) = 0.89
L NERETE = (0.73 + V0.7 - 0612 0.617 ) min( )
. 10-2[r2]
No g XX A G _ 033 18900 - 10°7[m?] x 355.0IMPS] _ 10 op0ing
M1 1.00
10-2m2!
N XX A fy _ 089 1890010 7[] x 355.00MPal _ oo 1
M 1.00
No.ra = min (Ny.y.zd. Nozg) = min (2225.94[kN], 5957.91[kN]) = 2225.94[kN]
Unity check = Leel _ [Z1LL36INT] _ o o 4 o9

Nb ra 2225.94[kN]

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Note: The cross-section concerns a RHS section which is not susceptible to Torsional(-Flexural) Buckling.

Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1

Note: The cross-section concerns an RHS section with 'h / b < 10/ A2,
This section is thus not susceptible to Lateral Torsional Buckling.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

(EC3-1-1: 6.50)

(EC3-1-1: 6.50)

(EC3-1-1: 6.49)

(EC3-1-1: 6.49)

(EC3-1-1: 6.47)

(EC3-1-1: 6.47)

(EC3-1-1: 6.46)



Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters

Interaction method alternative_method 2 :
Cross-section area A 1.8900e-02 m?
Plastic section modtlus Woiy  |2.3640e-03 m3
Plastic_section rmodulus Wpiz | 2.3640e-03 m?
Design compression force Neg  [111.36 kN
Design bending moment Myes |306.60 KNm
' (maximum)

Design bending moment Mzed |-5.14 kNm
(maximum)

Characteristic compression Nrk 6709.50 kN
resistance

Characteristic moment resistance | My« | 839.22 kNm
Characteristic moment resistance | M:rx |839.22 kNm
Reduction factor Xy 0.33

Reduction factor Xz 0.89

Reduction factor Xur 1.00

Interaction factor Kyy 0.94

Interaction factor kyz 0.24

Interaction factor Kzy 0.56

Interaction factor Kzz 0.40

Maximum moment My.eq is derived from beam B812 position 12.600 m.
Maximum moment M, eq is derived from beam B812 position 12.600 m.

Interaction method 2 parameters

Method for interaction factors Table B.1

Sway type y sway

Equivalent moment factor Crmy 0.90

Resulting load type z point load F

End moment Mh: |-5.14 kNm
Field moment Ms,z 1.21 kNm
Factor Qs,z -0.24

'Ratio of end moments W -0.81

Equivalent moment factor Cmz 0.40

Resulting load type LT line load g

End moment Mpr | 306.60 kNm
| Field moment Ms.r | |-115.94 kNm
|\Factor - | =~~~ lasuy [ |-D38 | |
Ratio of end moments Wyt C.11

Equivalent moment factor Crar | |0.40

Unity check (6.61) = 0.05 + 0.34 + 0.00 = (.39 -
Unity check (6.62) = 0.02 + 0.21 + 0.00 = 0.23 -

Crny = 0.90

M., 1.21[kNm]
= —= = .24
O = B ITAfNm] 0

Coip= max (—0.2 x ¢, — 0.8 » ag,;,0.4) = mak (—0.2x —0.81 — 0.8 x ~0.24,0.4) = max(0.35.0.4) =0.40
Myur |~ 115.94[kNm] |

o1 = =

Myor  300.60[kNm] ~Q.38
Cour = max (0.1 — 0.8 X Ay (7,0.4) = max (0.1 — 0.8 x —0.38,0.4) = max (0.40,0.4) = 0.40
Ngi = A x f, = 1.8900 - 10 ?[m?] x 355.0[MPa] = 6709.50[kN]

M, i = Wy, x f, = 2.3640 - 10 *[m?] x 355.0[MPa] = 839.22[kNm]|

M, gk = Woi % f, = 2.3640 - 10 *[m?] x 355.0[MPa] = 839.22[kNm)]

¢ N Ne¢
Ky = min { Gy % |1+ (Arry — 0.2) % E;K Cmyx | 1+0.8x —E:um
Xy X 7 Xy %X —
M1 ™M1
e 111.36[kN] 111.36[kN] e B
=min< 0.90 x |1+ (1.60 —0.2) x 0———-————————33 ; 6709.50(kN] ,090x | 1+08x 0—-—————-———33 ; 6709.500kN] = min {0.96,0.94} — 0.94
: 1.00 : 1.00
Kyz = 0.6 X kyy = 0.6 x 0.40 = 0.24
kay = 0.6 % kyy = 0.6 x 0.94 = 0.56
Kez = min { Conz % |14 (Areiz — 0.2) x N—E;’q G | 14085 —Ned
Rk Nrx
Xz X == Xo % —2%
ML M1
- 111.36[kN] 111.36[kN] . B
min ¢ 0.40 x |1+ (0.61 — 0.2) x 080 - 6709.50[kN] ,040 x | 1+0.8 x 050 - 6709.50[kN] = min {0.40,0.41} = 0.40
1.00 : 1.00
. L M, 4| + [AMy gal [M;g4| + |AM, ed|
Unity check (6.61) = A kX My + b Moo
Xy X Xur X —

ML ML i



1111.36{kN]| 1306.60(kNm|| - [0.00(KNm]| .., |~5.14[kNml| + 0.00(kNm];

033 OT0ssof] F X T T ge ] 44 X T 630 2]

22 "71.00 T 00 1.00

; ~ |Nedl My gd| + |AM, kgl [M; gd| + |AM, gq|
Unity check (6.62) = N kay x Mom kzz % Mon

o e Rt P
[111.36[kN]| 306.60[KNm]| -+ 0.00[kNm]| |—5.14[kNm)| + [0.00[kNm]|

" 89 BTSS0I *OSOX T T 4% % T 30 22k

' 1.00 : 1.00 1.00

Unity check = max (Unity check (6.61). Unity check (6.62)) = max (0.39,0.23) = 0.39 < 1.00
The member satisfies the stability check.

EC-EN 1993 Steel check ULS
Values: UCoverall

Linear calculation

Combination: ULS-Set B (auto)
Coordinate system: Principal
Extreme 1D: Member

Selection: B761

80

Figure 2.2.3.3. 9:Interior column

=0.39 < 1.00

~0.23 < 1.00

(EC3-1-1: 6:81)

(EC3-1-1: 6.62)
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EN 1993-1-1 Code Check
National annex: Czech CSN-EN NA

Member B761 | 12.600 / 12.600 m |SHS350/350/16.0

/355

| ULS-Set B (auto)

[0.74 - |

Combination key
ULS-Set B (auto) / 1.15%LC1 + 1.15*%LC2 + 1.50*LC3 +
1.50*LC4 + 0.90*3DWind8

Partial safety factors

ywmo for resistance of cross-sections

ymi for resistance to instability 1.00
ym2 for resistance of net sections 1.25
Yield strength fy |355.0 |MPa
Ultimate strength | f, [490.0 |MPa
Fabrication Rolled

....::SECTION CHECK::...
The critical check is on position 12.600 m

| Internal forces  ___ Calculated  Unit |
Normal force Ned -2794.76 kN
Shear force Vyed |-4.12 kN
Shear force Vied [12.98 kN
Torsion Ted 13.56 kNm
Bending moment | My,zd | 10.69 KkNm
Bending moment | Mg;es | 112.82 kNm

Classification for cross-section design
Classification according to EN 1993-1-1 article 5.5.2

Classificaticn of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

31 "oz = 'P _a cft
1| (s ( potrmiy [ ’ Gt o i
1 1 302 16 84122404 |1.716e+05 0.5 1.0 [18.9 [22.8 27.7 37.6 1
3 1 302 16 1.767e+05 |1.850e+05 1.0 1.0 (189 |228 27.7 314 1
) I 302 16 1.808e+05 |9.329e+04 |0.5 1.0 (189 |22.8 27.7 37.2 1
7 1 302 16 8.821e+04 |7.992e+04 0.9 1.0 [18.9 [228 27.7 32.0 1

Note: The Classification limits have been set according to Semi-Comp+.

The cross-section is classified as Class 1

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

Cross-section area A 2.1100e-02 | m?
Compression resistance | Nerd | 7490.50 kN
Unity check 0.37 -
“ ~2|
Nega Axf,  21100-10 ?[m?] x 355.0[MPa] _ 7490.50[kN]
TMO 1.00
Unity check = \Nedl _ [Z2794.76(N]| _ o o0 o4

Nega  7490.50[kN]

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

Plastic section modulus | Wpiy 2.6300e-03 |m?

Plastic bending moment | Mgiy.rd | 933.65 kNm

Unity check 0.01 -

Wiy % f, _ 2.6300 - 107*[m’] x 355.0[MPa]
we 1.00

M, eq| _ [10.69[kNm]|

Mayra  933.65[kNm]

Bending moment check for M.
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Moy = = 933.65[kNm)]

Unity check = = 0.01 < 1.00

Plastic section modulus  |Wpiz 2.6300e-03 'm3
| Piastic bending moment | Mpizra | 933.65 kNm
Unity check 0.12 -

(EC3-1-1: 6.10)

(EC3-1-1: 6.9)

(EC3-1-1: 6.13)

(EC3-1-1: 6.12)
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W, x f, _ 2.6300-10-*[m? x 355.0[MPa]
Mo 1.00
|Myegl — 1112.82[kNm]i

) P 7L P e o At L L <
Unity check Myt 933.65/kNm)] 0.12 < 1.00

Myizre = — 933.65[kNm]

Shear check for Vy
According to EMN 1993-1-1 article 6.2.6 and formula (6.17)

Shear correction factor n 1.20
Shear area Ay 1.0550e-02 | m?
Plastic shear resistance for Vy |Vpiyrd |2162.32 kN
Unity check 0.00 -
A, x \;% 1.0550 - 10-2[m?] x 3i‘\’/[—§“i*‘l
Voiyrd = = 100 = 2162.32[kN]
Unity check = Vyed _ |=4.22[NIL _ g 50 < 1.00

Vesha 2162 32[kN]

Shear check for V.
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Shear correction factor n 1.20

Shear area Av 1.0550e-02 | m?
Plastic shear resistance for V: | Vpizrd | 2162.32 kN
Unity check 0.01 -

A, x % 1.0550 - 10 2[m?] x 355—'?/[?%]
Vgt = === 1700 = 2162.32[kN]
5  |Veedl  [12.98[kN]|

Unity check = Veim 2—_—162‘32[kN] = 0.01 < 1.00
Torsion check
According to EN 1993-1-1 article 6.2.7 and formula (6.23)
Index of fibre Fibre |1 ]

Total torsional moment | Ted 3.8 MPa
| Elastic shear resistance | Trd 205.0 | MPa

Unity check =~ | 0.02 |- |

= | Tedl > Feaunt = [13557/47| x 2.801 10 'IkN/m?] = 3/8[MPa]
fy | 355.0[MPa]
= 205.0[MP.
R \/§ < Yo f 1.00 iU lid)
Unity check = T8¢ — 38IMPal__ o 45 < 1.00

mRa  205.0[MPa]

Note: The unity check for torsion is lower than the limit value of 0.05. Therefore torsion is considered as
insignificant and is ignored in the combined checks.

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

Design plastic moment resistance |Mn,,rd | 764.69 | kNm
reduced due to Ned

'Exponent of bending ratio y a 1.97
Design plastic moment resistance |Mwngzrda | 764.69 | kNm
reduced due to Ned

Exponent of bending ratio z B 1.97
Unity check (6.41) = 0.00 + 0.02 = 0.02 -

_ - [Mpiygre % (1 = n) _ 933.65[kNm] x (1 — 0.37) o B

Mpyra = min [ 0SRiatioRy, Mgy ra| = min T 05 W OAT .933.65[&Nm]. = min [764.69[kNm]. 933.65[kNm]] = 764.69[kNm]
1.66 . 1.66 B . B

o = max [mm(l IREFT )1] = max [mln 1—1.13><0.377'6)'1] = max[min (1.97.6) ,1] = 1.97

41 E y 65[k ~0.37
im0 [I;n,,. ra % (1= n) ,.,m] e [93365[ Nm] % (1 — 0.37)

i . e .933A65[kNm]] = min [764.69[kNim]. 933.65[kNm]] = 764.69[kNm]

. 1.66 ; _
3= max [mm (l = 13 < ) 1J = max [mm (l T3 x 0'37?.6) .1] = max [min (1.97,6).1] = 1.97

o ] 1.97 1y 197
e = (M) (M) _ (OSBRI | iizsabely
Unitycheck (MN ,_R.,) + (MN_,,R., 764.69[kNm| 764.69[kNm] 0.02=1.00

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resistances is neglected.

The meinber satisfies the section check.

(EC3-1-1: 6.13)

(EC3-1-1: 6.12)

(EC3-1-1: 6.18)

(EC3-1-1: 6.17)

(EC3-1-1: 6.18)

(EC3-1-1: 6.17)

(EC3-1-1: 6.23)

(EC3-1-1: 6.39)

(EC3-1-1: 6.40)

(EC3-1-1: 6.41)



...::STABILITY CHECK::...

Classificatioin for member buckling design

Decisive position for stability classification: 8.220 m

Classification according to EN 1993-1-1 article 5.5.2

Classification of Internal and Qutstend parts according to EN 1993-1-1 Table 5.2 Sheet 1 8 2

t 1| o1 gz - | Y ks a _ _Class 2! Class 3

[mm] [kN/m2] [kN/m?] [-] [-] imi Limit Limit
[-] [-1

1 I 302 16 4.134e+04 |1.915e+05 |0.2 1.0 [18.9 [22.8 27.7 42.5 1
3 I 302 16 1.994e+05 |1.979e+05 |1.0 1.0 [18.9 [22.8 27.7 31.0 1
S 1 302 16 1.899e+05 |3.976e+04 |0.2 1.0 |18.9 |22.8 27.7 42.6 1
7 1 302 16 3.188e+04 |3.331e+04 |1.0 1.0 |18.9 [22.8 27.7 314 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters Yy zz
Sway type sway non-sway
System length L 2.620 12.600 m
Buckling factor k 1.39 0.70
Buckling length ler 3.651 8.820 m
Critical Euler load Ner 60559.46 | 10374.75 | kN
Slenderness A 26.87 64.92
Relative slenderness Arel 0.35 0.85
Limit slenderness Arelo | 0.20 0.20
Buckling curve a a
Imperfection a 0.21 0.21
Reduction factor X 0.97 0.77
Buckling resistance Nprd | 7229.00 5738.48 kN
o B . Il A on
Cross-section area | A 2.1100e-02 |m?
Buckling resistance | |Nprd | 5738.48 kN
Unity check 0.49 -
=2 . 2 104
NG x2£ s 210000.0[!:49;] x i.sgao 10 [mf] _ 60550.45(KN]
By 3.651[m]?
- m? xEx |, %% 210000.0[MPa] x 3.8940 - 10~*[Im*] L
Noa =" 1= 8. 820[mf? = 10374.75[kN]
_ ey _ 3.651|m] _
A= iy 136[mm] e
_ ez 8.820[m]
0, 136[mm] 68,92
Arely = . - 2087 =035
i E S 210000.0[MPa] (EC3-1-1: 6.50)
' & 7 355.0[MPa]
Kol — iz Ll ~0.85
. |E o 210000.0[MPa] (EC3-1-1: 6.50)
* & = 355.0[MPa]

2y =05 x [1+ 0y X (Mety — Aelyo) + Ay = 0.5 % [140.21 x (0.35 — 0.20) + 0.357] = 0.58
@2 =05 % [L+az X (Merz — Mzo) + A%y,] = 0.5 x [1+0.21 x (0.85 — 0.20) + 0.85%] = 0.93

1 1 1 1
—min| ————— 1| =min(—————————— 1) — min(0.97.8.08.1) = 0.97 1-1: 6.
R e 2y Ve ) e (0.58 F V0587 035 0.35° ) i ) e
=min| —————— 1—‘1_1 —min(—l— A 1)—min(077 1.39.1) = 0.77 (EC3-1-1: 6.49)
= it \fR Dy s 093+ /0.9F 085 085 S =
10~ 2[m2
[ Xy X";\Ix f, _ 0.97 x 2.1100 101 Ogn ] % 355.0[MPa] _ 7229.00(kN] EidaT
i -2
R x: x f, _ 077 x 2.1100 101 OE)mZ] % 355.0[MPa] _ 5738.48(KN] LA 6N
ML .
Nutg = min (Npy e No.ra) = min (7229.00[kN], 5738.48[kN]) = 5738.48[kN]
Unity check = LNE—H' = tgl’ﬂw = 0.49 < 1.00 (EC3-1-1: 6.45)

" Npra  5736.48[kN]
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Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Note: The cross-section concerns a RHS section which is not susceptible to Torsional(-Flexural) Buckling.

Lateral Torsionai Buckling check

According to EN 1993-1-1 article 6.3.2.1

Note: The cross-section concerns an RHS section with 'h / b < 10 / Arelz
This section is thus not susceptible to Lateral Torsional Buckling.

Bending and axial compression check
According to EN 1993-1-1 article 6.3.3 and formula (6.61),(6.62)

Bending and axial compression check parameters

Interaction method alternative method 2
Cross-section area A 2.1100e-02 m?
Plastic section modulus Wpiy | 2.6300e-03 m?
Plastic section modulus Wpiz |2.6300e-03 m?
Design compression force Ned 2794.76 kN
Design bending moment Myed |-23.32 kNm
(maximum)

Design bending moment M:e4 |178.53 kNm
(maximum)

Characteristic compression Nex 7490.50 kN
resistance

Characteristic moment resistance | Myrc |933.65 kNm
Characteristic moment resistance | M:ax | 933.65 KNm
Reduction factor Xy 0.97

Reduction factor Xz 0.77

Reduction factor XL 1.00

Interaction factor Kyy 0.95

 Interaction factor kyz 0.76

Interaction factor Kzy 0.57

Interaction factor kzz 1.27

Maximum moment Myeq is derived from beam B761 position 9.980 m.
Maximum moment M. eq is derived from beam B761 position 8.660 m.

Interaction method 2 parameters

Method for interaction factors Table B.1

Sway type y sway

Equivalent moment factor Cmy ' |0.90 =
Resulting loed type z L point load F

End moment M.z [112.82 kNm
Field moment Mz 178.53 kKNm
Factor ah: |0.63

' Ratio of end moments [T 0.49

Equivalent moment factor Crnz 0.96

Resulting load type LT point load F

End moment Mhur | -39.67 kNm
Field moment M;.r | 50.87 kNm
Factor an.T |-0.78

'Ratio of end moments Wit -0.27

Equivalent moment factor Cmir | 0.86

Unity check (6.61) = 0.39 + 0.02 + 0.15 = 0.56 -
Unity check (6.62) = 0.49 + 0.01 + 0.24 = 0.74 -

Cpy = 0.90

My, 112.82[kNm]
ha = g = 178.53(kNm] — 063

Cnz =09+ 0.1 % ap,=0.9+ 0.1 x0.63=0.96

My —39.67[kNm]
BT = Rir — S087[kNm] e

Cotr = 0.9 + 0.1 X apur % (142 % ¢1) = 0.9 4 0.1 x —0.78 x (1 42 x —0.27) = 0.86
Ngi = A % f, = 2.1100 - 10 ?[m?] x 355.0[MPa] = 7490.50[kN]

M, pie = Wiy % f, = 2.6300 - 10 *[m?] x 355.0[MPa] = 933.65[kNm]

M, i = Wy, x f, = 2.6300 - 10 *[m?] x 355.0[MPa] = 933.65[kNm]

76[kN|

7490.50[kN]

kyy =min ¢ Cry % |14 (Aaty — 0.2) x Ll:hm JCmyx [1+08x %
Xy Xy 282
M M1
2794.76kN} 2794
2anhi » i3 g A8 N\ B
=min¢ 0.20 = |1+ (0.35 - 0.2) x 7490.50[kN] ,090% | 1408 x 7490.5¢
1.06 |

ky: = 0.6 x k,; = 0.6 x 1.27 = 0.76

1.00

I = mir {0.95.1.18} = 0.95



key = 0.6 x kyy = 0.6 x 0.95 = 0.57

Kee =-min { Cong X [ 114 (Arere = 0.2) % —N'%— Coe x| 1708 % '\“;’
Rk RK
Xz & 77 Xz X T
ML IML
o7 2794.76[kN] 2794.76[kN] —= a
=min{ 0.96 x |1+ (0.85 - 0.2) x 0777 § 7490.50[kN] ,0.96 x | 1408 x P 7490.50[kN] = min {1.27,1.34) = 1.27
2 1.00 g 1.00
; _INed| IM, 4l + |AMy.q| [Mzg4l + |AMz gl
Unity check (6.61) = Nee Ky M, + kyz % Mo
Xy X Xur X P ===
M1 M1 M1
2794.76[kN]| |—23.32[kNm]| + 10.00[kNm]| |178.53[kNm]| + [0.00[kNm]| (Ea-1-1:6.61)
B : |—23. f0. [ g X |
" 007  749050(kN] FO0K 100 . 33-65[kNm] HR.16% 933.65[kNm] =0.56's 1.00
2 1 . 1.00 1.00
. NEed| [M; g4l + |AM; 4
Unity check (6.62) = ——F4 4 k L% B ot 7
nity check (6.62) N * x M, e
v
23.32[kNm]| + 10.00[kNm]| 178.53[KNm]| + 10.00[KNm]|
 [ZZ22Nm| +[0.000Nm)]. ., o5 117853KNmI| + 100N _ 570« 1:00
m] 933.65[kNm] -

.00
Unity check = max (Unity check (6.61). Unity check (6.62)) = max(0.56,0.74) = 0.74 < 1.00
The member satisfies the stability check.

2.2.3.3.5. Bracing Check

EC-EN 1993 Steel check ULS
Values: UCoverall
Linear calculation

Figure 2.2.3.3. 10:Corner brace
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EC-EN 1993 Steel check ULS

Linear calculation
Combination: ULS-Set B (auto)
Coeordinate system: Principal
Extreme 1D: Member
Selection: +2_1

EN 1993-1-1 Code Check
National annex: Czech CSN-EN NA

IMember F2.1 Is.7oa 7 6.708 m ‘susno/uo/u.z S 275 IR (EN |ULS-Set B (auto) Io.ss 5 |
10025-2)

Combination key
ULS-Set B (auto) / 1.15*%LC1 + 1.15%LC2 + 1.05%LC3 +
1.05*LC4 + 1.50*3DWind4

ymo for resistance of cross-sections | 1.00
ym: for resistance to instability 1.00
ymz for resistance of net sections 1.25

Yield strength fy 1275.0 |MPa
Ultimate strength [fu 1 410.0 |[MPa
Fabrication Rolled

...::SECTION CHECK::...
The critical check is on position 6.708 m

Internal forces Calculated Unit
Normal force Ned -184.29 kN
Shear force Vyed | 0.00 kN
Shear force Vzed | 0.00 kN
Torsion Ted 0.00 kNm
Bending moment | Myed |0.00 kNm
Bending moment | M:ed |0.00 kNm

Classification for cross-section design
Classification according to EN 1993-1-1 article 5.5.2
Classification of Internal and Outstand parts according to EN 1993 1-1 Table 5.2 Sheet 1 & 2

’C: t oy

[mm]| [mm] ‘[kN/ij'

1 I 67 14 3.528e+04 |3.528e+04 1.0 1.0 |47 |259 314 35.1 1
3 I 67 14 3.528e+04 |3.528e+04 1.0 1.0 |47 259 314 35.1 1
5 1 67 14 3.528e+04 |3.528e+04 1.0 1.0 |47 |259 314 35.1 1
¥4 1 67 14 3.528e+04 |3.528e+04 |1.0 1.0 (4.7 |25.9 314 35.1 1

Note: The Classification limits have been set according to Semi-Comp+.
The cross-section is classified as Class 1

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

Cross-section area A 5.2300e-03 |m?
Compression resistance |Ncrd | 1438.25 kN
Unity check 0.13 -
c 3[ 02!
Negg = A fy _ 5:2300-10 [m?) x 275.0[MPa] _ 1438.25[KN]
Mo 1.00
Unity check = [Neal _ |=184.20(kN]| _ ¢ 44 < 1.00

Nera  1438.25[kN]
The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 6.708 m

Classification according to EN 1993-1-1 article 5.5.2

Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

t o1 o2 w ka a c/t Class1 Class 2
[mm] [kN/m?] [kN/m?] -1 1 [-] Limit Limit
[-] [-]
1 1 |67 14 3.528e+04 |3.528e+04 |1.0 1.0 (4.7 |25.9 314 35.1 b
3 u 67 14 3.5282+04 |3.528e+04 | 1.0 1.0 47 259 314 35.1 1
5 I 67 14 3.528e+04 | 3.528e+04 |1.0 1.0 147\ [259 314 35.1 1
7|1 67 14 3.5282+04 |3.528e+04 |1.0 1.0 |47 |25.9 31.4 35.1 1

Note: The Classification limits have been set according to Semi-Comp+-.
The cross-section Is classified as Class 1
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Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters — YY
| Sway type sway non-sway
System length L 6.708 6.708 m
Buckling factor | k i.00 1.00
Buckiing length ler 6.708 6.708 m
Critical Euler load Ner 357.41 |357.43 kN
Slenderness A 174.15 |174.15
Relative slenderness Arel 2.01 2.01
Limit slenderness Arel,o | 0.20 0.20
Buckling curve a a
Imperfection a 0.21 0.21
Reduction factor 3 0.22 0.22
Buckling resistance Nbrd | 318.81 | 318.82 kN
Flexural Buckling verification
Cross-section area |A 5.2300e-03 |m?
Buckling resistance |Nyrg |318.81 kN
Unity check 0.58 -
- xEx|l, 7% x210000.0[MPa] x 7.7600 - 10~°[m*]
Nery = I 6.708mJ’ — 357.41[kN]
_ mxExl,  #”x 210000.0[MPa] x 7.7600 - 10-9[m*]
Nz = TR 6,708/ = 357.43[kN]
_ ley _ 6.708[m] _
Ap= S =174.15
ez 6.708[m]

K 2 3ofmm] 174.15
Aty = . B - Lt =2.01

. E . 210000.0[MPa]

Gi @ \/ 275.0[MPa]

- Az _ 174.15 —o01

= [E s /210000.0[MPa]

N \| 275.0[MPs]

9y =05 x [1+ ay x (A\ety — Arelyd) + AZi,] = 0.5% [1+0.21 k (2.01 - 0.20) + 2.01%] = 2.70

G = 0.5 {1 + 0z X|( Aotz — Aretz0) + Aaga] = 0.5 x [1+0.21 i (2.01— 0.20) 4 2.01%] = 2.70

1 1 1 1

=min| ——m—m — 1| =min [ —mm———————  ——,
Lo Y o T (2.709 3700 — 2,012 2.012

1) ~ min (0.22.0.25,1) = 0.22

1 1 1 1
=mi —_—— el =min | —————————————. .1 ) = min(0.22,0.25.1) = 0.22
i [ NEESTE ' (2.70 V2.70f 2017 2017 ) in )

vy XA xf, 022 x5.2300-10-3m? x 275.0[MPa] _

Nbyrd = = 190 318.81[kN]
. 10~3[m?
Ny XX A xf, 0.22x5.2300-10 [m?] x 275.0[MPa] — 318.82[kN]
M1 1.00
Np.ga = min (Nyy ga. iz ga) = min (318.81[kN]. 318.82[kN]) = 318.81[kN]
Unity check — [NEsl _ [Z184290N]| o o0 5 09

Nopa  318.81[kN]

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Note: The cross-section concerns a RHS section which is not susceptible to Torsional(-Flexural) Buckling.

The member satisfies the stability check.
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EC-EN 1993 Steel check ULS
Values: UCoverall

Linear calculation

Combination: ULS-Set B (auto)}
Coordinate system: Principal
Extreme 1D: Member

Selection: B866

)
R 4
&
Y

=
4
'

v
‘

ooy ooy
LIS

#
Jaz i

Figure 2.2.3.3. 11:Internal brace
EC-EN 1993 Steel check ULS

Linear calculation
Combination: ULS-Set B (auto)
Ceordinate system: Principal
Extreme 10: Member
Selection: 8866

EN 1993-1-1 Code Check
National annex: Czech CSN-EN NA

| Member B866 ’8.078 / 8.078 m "SH5110I110/14.2 |S 275 IR (EN JULS-Set B (auto) ‘0.81 - ]

110025-2)

Combination key
| ULS-Set B (auto) / 1.35*LC1 + 1.35*LC2 + 1.05*LC3 +
. 1.05*LC4 + 0.90*3DWind16

Partial safety factors
| ymo for resistance of cross-sections | 1.00
| yms for resistance to instability 11.00
| ymz for resistance of net sections ~ |1.25
| Yield strength fy |275.0 [MPa
|Ultimate strength | f, |410.0 |MPa_
| Fabrication Rolled
+..:SECTION CHECK::...

The critical check is on position 8.078 m

Internal forces Calculated Unit

| Normal force Ned -183.41 kN

| Shear force Vyed | 0.00 kN

| Shear force Vzea | 0.00 kN

[ Torsion Tea  [0.00 KkNm

| Bending moment | Myes | 0.00 kNm

| Bending moment | Mzes | 0.00 kKNm |

Classification for cross-section design
Classification according to EN 1993-1-1 article 5.5.2
Classification 'of Internal and Outstaind parts according to EN 1293 1-1 Table 5.2 Sheet 1 & 2
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t

[mm]

oy
[kN/m?2]

|| | @

o2 : .
EkN/m ZFI [r1 | [r]

Ko | @

[‘-]

\Class/1 ~Class 2 [ Class 3
Lirit

\_Limit Limit
[-] —[=] [-T-—

1 1 67 14 3.511e+04 |3.511e+04 |1.0 1.0 |47 259 314 35.1 1
3 I 67 14 3.511e+04 3.511e+04 1.0 1.0 |4.7 [25.9 31.4 35.1 1
5 1 67 14 3.511e+04 |3.511e+04 |1.0 1.0 |4.7 |25.9 314 35.1 1
7 |1 67 14 3.511e+04 [3.51ile+04 |1.0 1.0 [4.7 259 314 351 1

Note: The Classification limits have been set according to Semi-Comp+.

The cross-section is classified as Class 1

Compression check

According to EN 1993-1-1 article 6.2.4 and formula (6.9)

Cross-section area A 5.2300e-03 | m?
Compression resistance | Nera | 1438.25 kN

Unity check 0.13 &

L 10-3m2
iy A xf, = 5.2300 - 10 *[m?] x 275.0[MPa] — 1438.25(kN]
Y40 1.00
; _ INggl | -183481[kN]|
Unity check = Nc.Ro = a38. 25[kN] 0.13 < 1.00

The member satisfies the section check.
....:STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability classification: 8.078 m
Classification according to EN 1993-1-1 article 5.5.2
Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o1 o2 W ke a Class 1 Class2 Class3 Class
[kN/m?2] [kN/m?2] -1 [-1 Limit Limit Limit
[-] [-] [-]
1 67 14 3.511e+04 3.511e+04 |1.0 K 1
3 I 67 14 3.5112404 [3.511e+04 |1.0 1.0 [4.7 [25.9 314 35.1 1
5 1 67 14 3.511e+04 | 3.511e+04 |1.0 1.0 (4.7 259 31.4 35.1 1
7 1 67 14 3.5112+04 3.511e+04 1.0 1.0 4.7 [25.9 31.4 35.1 1

Note: The Classification limits have been set according to Serni-Cormnp+.
The cross-section s classified as Class 1

Flexural Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)

Buckling parameters

Sway type sway non-sway
System length L 8.078 |8.078 m
| Buckling factor |k 1.00 1.60
Buckiing length ler 8.0/8 8.078 m
Critical Euler load Ner 246.49 |246.50 kN
Slenderness A 209.71 |209.70
Relative slenderness Aral 2.42 2.42
Limit slenderness Maio 020 |0.20
Buckling curve a a
Imperfection a 0.21 0.21
Reduction factor X 0.16 0.16
Buckling resistance Nbra |225.20 [225.21 kN
Flexural Buckling verification
Cross-section area |A 5.2300e-03 |[m?
| Buckling resistance | Nprd | 225.20 kN
| Unity check 0.81 -
_ 7 xEx|l, #*x 210000.0[MPa] x 7.7600 - 10-%[m*] _
Ney = e 8078 = 246.49[kN]
7 x Exl, ?x 210000.0[MPa] x 7.7600 - 10-%[m%]
Ners = . 8078’ = 246.50[kN]
o oy _ 8.078[m] _
W= i, 39[mm] =201
_lex _ BO7B[m] _

M 2 ofmm] ~ 200.70
My = N _ : 209.71 i

ax JE 1 [200000MPa]

£ \/ 275.0[MPa)
209.70
- /’ 210000. OIMPa]
= \ f, T 275.0[MPa]

(EC3-1-1: 6.10)

(EC3-1-1: 6.9)

(EC3-1-1: 6.50)

(EC3-1-1: 6.50)



Py =05 x [1 4+ oy x (Arely — Aeely6) + AZyy] = 0.5 % [1+ 021 x (2.42 - 0.20) + 2.42°] = 3.65

2= 05 31 4 0z %|( etz — Arwtr0) + o] = 0.5 [140.21 x (2.42/— 0.20) ¥ 2.42%] = 3.65

s 1 1 £ 1 1 A
e gy ] (3557 vass—zam z4m1) = mn(010.017.1) =016
Py T vV Py~ Nrely Y i 5

‘ 1 1 e S TS T -
v mm(" + /ﬁ'«\fm'l) . mm(3.65o 3.65? 2,42?'2.422'1) s

Pt o/ rel.z
. -3

be.Rd — !)’XAXfY —= 0}6 x52309 l,(_) [m?] x?_?SO[MPaI = 225.20[kN]

M1 1.00

v L 10-3m2!

Ny gy XX Axfy 0,16 x 52300 10~*|m’] x 275.0[MPa) _ 25210kN]

v 1.00
Nbra = min (N y g, Np.ra) = min (225.20[kN], 225.21[kN]) = 225.20[kN]
Unity check = el _ IZ183 41kN]| _ o < 1.00

Npra  225.20[kN]

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concerns a RHS section which is not susceptible to Torsional(-Flexural) Buckling.

The member satisfies the stability check.

2.2.3.4. Results

2.2.3.4.1. Stress Distribution

1D stresses

Values: ox

Linear calculation
Combination: ULS-Set B (auto)
Coordinate system: Principal
Extreme 1D: Global

Selection: All

T
W

W
L "
i\ &

-
LA

i
an At
R B 4
AR
"\“"";V

Figure 2.2.3.4. 1:Stress distribution

The maximum and minimum stress distribution on the structure is shown above. The red
colour represents compression and blue represents tension. The stress values are in the
acceptable range.
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1D stresses

Linear calculation
Combination: ULS-Set B (auto)
Coordinate system: Principal
Extreme 10: Global

Selection: All
Name dx Fibre Case Ox Ty Tz Ttor
[m] [MPa] [MPa] [MPa] [MPa]
B769 8.660+ 8 |ULS-Set B -510.5 -14 -42.7 -15.3
(auto)/1
Bx28_3 |4.500+ 3 |ULS-Set B 428.0 0.0 0.0 0.0
(auto)/2
Name Combination key
ULS-Set B (auto)/1 | 1.35*LC1 + 1.35*LC2 + 1.05*LC3 + 1.05*LC4 +
0.90*3DWind16
ULS-Set B (auto)/2 | 1.35*LC1 + 1.35*LC2 + 1.05*LC3 + 1.05*LC4 +
0.90*3DWind12
2.2.3.4.2. Deformation
1D deformations
Values: uy
Linear calculation
Combination: ULS-Set B (auto)
Coordinate system: Principal
Extreme 1D: Global
Selection: All
Ry
3
=
o
="

91

Figure 2.2.3.4. 2:Deformation u,




1D deformations

Values: ux

Linear calculation
Combination: ULS-Set B (auto)
Coordinate system: Principal

Extreme 1D: Giobal
Selection: All
L=
==
Figure 2.2.3.4. 3:Deformation ux
1D deformations
Values: uz

Linear calculation
Combination: ULS-Set B (auto)
Coordinate system: Principal
Extreme 1D: Global

Selection: All
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Figure 2.2.3.4. 4:Deformation u:
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1D deformations

Linear calculation
Combhination: ULS-Set B (aurto)
Coordinate system: Principal
Extreme 1C: Global

Selection: All
Deformations
Name dx Case Ux uy Uz Px Py Pz Utotal
[m] [mm] [mm] [mm] [mrad] [mrad] [mrad] [mm]
B1056 17.000 |ULS-Set B -16.8 0.0 .6 -0.3 -3.6 -0.2 18.0
i (autoyt | i) | I g ,
B763 0.000 ULS-Set B 14.8 9.0 2.4 0.0 0.3 -1.6 17.5
(auto)/2
Bx12_4 |7.500 ULS-Set B 00| -16.9 -6.4 3.6 -0.3 -0.2 18.1
(auto)/1
By43_4 |2.571 ULS-Set B 4.0 334 0.3 -1.1 -0.1 -1.3 33.5
(auto)/3
B1413 |8.947 ULS-Set B -10.4 1.7 -344 -2.1 -0.3 0.0 35.1
(auto)/4
F48_1 5.883 ULS-Set B -3.7 23 30.8 0.0 0.0 0.0 31.0
(auto)/S
Bx55_3 [4.500- |ULS-Set B -0.8 -7.8 -10.1 -12.5 -0.7 0.2 12.8
(auto)/2
B1070 |0.000 ULS-Set B -29 1.9 -26.3 12.1 -0.7 0.0 26.5
(auto)/6
Bx28_3 |7.500 ULS-Set B 1.9 24| -10.7 -0.4 -15.8 -0.5 11.1
(auto)/7
Bx28_2 |0.000 ULS-Set B 0.8 2.2 -9.5 -1:1; 15.2 -0.3 9.8
(auto)/8
By41_4 |2.571 ULS-Set B 3.9 393 -1.9 -1.2 0.7 -16.4 39.5
o (auto)/9 = |
By42_4 |3.429 ULS-Set B 4.3 35.7 2.2 -0.9 -0.8 16.7 36.0
| |@uoyio | | | S - S
B1413 8.947 ULS-Set B -11.3 1.5 -34.4 -2.1 -0.3 0.0 35.2
(auto)/1
Name Combination key
ULS-Set & (auto)/1 1.35%.C1 + 1:35%LC2~+ 1:05%I1C2 + 1—')5“LC4
0.90*ZDWini12
ULS-Set B (auto)/2 1.35%LC1 -+ 1 35%LC02 + lOS*lC] + 1 OS‘LCII +
6.90*ZDWind

ULS-Set B (auto)/3 iC1+ 1C2+ 1 U5*LC3 + 1.5073DWind12

ULS-Set B (auto)/4 1.35%LC1 + 1.35%LC2 + 1.05%LC3 + 1.05*.C4 +
0.90*3DWind8

ULS-Set B (auto)/5 1.15*LC1 + 1.15*LC2 + 1.05*LC3 + 1.05*LC4 +
1.50*3DWind12

ULS-Set B (auto)/6 1.35%LC1 + 1.35*LC2 + 1.05*LC3 + 1.05*LC4 +
0.90*3DWind16

ULS-Set B (auto)/7 1.35*LC1 + 1.35*%LC2 + 1.05*LC3 + 0.90*3DWind16
ULS-Set B (autc)/8 1.35*LC1 + 1.35*LC2 + 1.05%L.C3 + 0.90*3DWind4
ULS-Set B (auto)/9 1.15*LC1 + 1.15*LC2 + 1.05*LC4 + 1.50*3DWind12

ULS-Set B (auto)/10 | 1.15*LC1 + 1.15*LC2 + 1.05*LC3 + 1.50*3DWind12

Table 2.2.3.4. 1:Extreme values of deformations

2.2.3.4.3. Internal Forces and Reactions
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Combination: ULS-Set B (auto)

Coordinate system: Principal
Extreme 1D: Cross-section

Selection: All

1D internal forces

Values: My

Linear calculation
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Figure 2.2.3.4. 6:Mx bending moments
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Combination: ULS-Set B (auto)
Coordinate system: Principal

Extreme 1D: Cross-section
Selection: All

Linear calculation

1D internal forces

Values: N

NAGO 151 /”w M
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\

N BE,
g
\

Figure 2.2.3.4. 7:N axial forces

Combination: ULS-Set B (auto)

System: Global

Reactions
Values: Rz

Linear calculation
Extreme: Member
Selection: All

LIV
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Figure 2.2.3.4. 8:Reactions

-sectional extreme internal forces are shown below table.

The cross
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Name |dx[m] |Case Cross-section N [kN] Vy [kN] [Vz [kN] |Mx [kNm] My [kNm] [Mz [kNm]
Bx26 3 0|ULS-Set B (auto)/1 |CS12-Beam2 - HEA600 -284.42 0| 180.08 0.02 0 0
Bx39_1| 7.503|ULS-Set B (auto)/2 |CS12-Beam?2 - HEAGOO 212.35 0| -215.94 0.03 0 0
Bx52 3 0|ULS-Set B {auto)/2 [CS12-Beam2 - HEA60O -90.95| -11.18| 219.49 0.46| -282.02 34,58
Bx15_3 0|ULS-Set B (auto)/3 |CS12-Beam2 - HEA600 -130.5| 16.41| 1647 -0.34| -207.39, -28.85
Bx28_1 0[ULS-Set B (auto)/4 |CS12-Beam2 - HEA600 -31.34 0.5| 520.76 -0.18| -723.11 -3.75
Bx17_1 7.5|ULS-Set B (auto)/S |CS12-Beam? - HEA600 -25.27 0.28| -526.52 0.07| -766.25 2.09)
Bx28 2 3.75|ULS-Set B (auto)/6 |CS12-Beam?2 - HEA600 1.59 0 0 -0.27| 795.65 0
Bx50_3 0|ULS-Set B (auto)/2 |CS12-Beam?2 - HEAG600 -91.1| 11.19] 21355 -0.45| -262.41 -51.1
8x15_3 6|ULS-Set B (auto)/1 [CS12-Beam2 - HEA600 -129.57| 16.39| -124.58 -0.36 -86.2 70.15
{Name [dx [m] !Case !Cross-section lN [kN] le [kN] IVz [kN] [Mx [kNm] le [kNm] IMz [kNm] !
By21_3 0|ULS-Set B (auto)/13 |CS13_Secondary beam2 - HEA320 -98.65| 0 4.14 -0.11 0 0
By24 3 0|ULS-Set B (auto)/2 |CS13 Secondary beam2 - HEA320 -119.28| -1.83| 115.16 0.1] -198.95 7.04
By22 3 11|ULS-Set B (auto)/15|CS13_Secondary beam2 - HEA320 -71.75|  -1.24| -150.74 0.06] -423.58 -13.59
By22 3| 4.583|ULS-Set B {auto)/5 |CS13 Secondary beam2 - HEA320 -107.82| -0.74| -10.07 0.06) 277.39 -3.41
By20_3| 6.013{ULS-Set B (auto)/2 |CS13_Secondary beam2 - HEA320 -182.57| -5.61| -70.48 0.09| -66.84] -22.45
By23 3 11|ULS-Set B (auto)/2 |CS13 Secondary beam?2 - HEA320 -251.66 2.71| -194.44 -0.05| -379.42 13.76
8763 12.6/ULS-Set B (auto)/2 |CS1-Columnl - SHS350/350/16.0 -3517.55 19.8) -5.99| -13.16 -10|  205.42
8772 0|ULS-Set B {auto)/16 |€S1-Column1 - SHS350/350/16.0 -3.75] -29| -18.89 40.13 27.92 18.86
B770 |2.880+ |ULS-Set B (auto)/17 |CS1-Columnl - SHS350/350/16.0 -585.64| -101.83| 12.65 0.36 -3.63| 14551
B770 [9.320+ |ULS-Set B (auto)/1 |CS1-Columnl - SHS350/350/16.0 -2388.86| 61.04 2.85 3.07 -9.44 145.2
B769 [8.660+ [ULS-SetB (auto)/2 |CS1-Columnl - SHS350/350/16.0 -2460.93|  -13.9| -308.02|  -64.84 78.94| 282.21
B767 0|ULS-Set B {auto)/2 |CS1-Columnl - SHS350/350/16.0 -292.7| -15.97| -51.62| -95.93 53.57 57.59
B761 0| ULS-Set B {auto)/2 |CS1-Columnl - SHS350/350/16.0 -292.34| -16.72| 37.76 96.36| -32.32 56.76
B763 [8.660- |ULS-Set B (auto)/5 |CS1-Columnl - SH5350/350/16.0 -1790.43| -32.64| -55.35 9.67| -91.53 48.66
8769 [9.540+ [ULS-Set B (auto)/4 |CS1-Columnl - SHS350/350/16.0 -2531.41| 16.23| -45.26 -0.05 93.36| 247.34
8770 12.6{ULS-Set B {auta)/11 |CS1-Columnl - SHS350/350/16.0 -1105.34| -75.22 3.03 -0.94 3.64| -247.65
B770 [9.100- |ULS-Set B {auto)/2 |CS1-Columnl - SHS350/350/16.0 -2468,93| 20.13| 216.56) 69.89 18.95| 357.83
8788 12.6/ULS-Set B (auto)/8 |CS3-Column3 - SHS350/350/16.0 -1763.97| -45.21| -16.87 9.58| -25.92 87.53
B783 0|ULS-Set B (auto)/4 |CS3-Column3 - SH$350/350/16.0 50.78| -6.89| 11.13 41.18] -12.46 2.84
8778 |4.200+ [ULS-Set B (auto)/2 |CS3-Column3 - SHS350/350/16.0 -679.14| -185.65| -31.65| -22.17, 49.01| 349.38
B803 |2.000+ |ULS-Set B (auto)/2 |CS3-Column3 - SHS350/350/16.0 -717.58| 115.73| -25.67 -38.7 36.89| -156.72
8804 0|ULS-Set B {auto)/2 |CS3-Column3 - SHS350/350/16.0 -117.76| -16.65| -38.29| -72.53 254 20.31
8791 0|ULS-Set B {auto)/1 |CS3-Column3 - SHS350/350/16.0 -52.96| -44.94| 25.28 73.38 -32.78 25.84
B820 12.6|ULS-Set B {auto)/3 |CS3-Column3 - SHS350/350/16.0 -52.82 2.19| -134.12 -25.18{ -375.76 7.94
B812 12.6/ULS-Set B {auto)/18 |€S3-Column3 - SHS350/350/16.0 -55.59| -1.91| 109.17 14.21] 307.19 -5.42
B797 12.6{ULS-Set B (auto)/11|CS3-Column3 - SHS350/350/16.0 -666.53| -108.01| -2.76 2.47 -2.99| -266.39
8817 12.6|ULS-Set B (auto)/2 |CS4-Columnd - SHS350/350/16.0 -1078.07| 64.14) -6.43 5.29 8.97 42.88
8818 |5.000+ |ULS-Set B {auto)/15 |CS4-Column4 - SHS350/350/16.0 -466.32| -66.45|  -6.04] -2.57 39.02| 104.38
B815  [10.200+|ULS-Set B {auto)/8 |CS4-Columnd - SHS350/350/16.0 -922.03| 24.84| -8.42| -10.02 48.77| -45.26
B817 |2.000+ [ULS-Set B {auto)/2 |CS4-Column4 - SHS350/350/16.0 -129.65| 12.68 0.76 -1.21 13.26 22.1
B815 |4.200+ [ULS-Set B (auto)/4 |CS4-Columnd - SHS350/350/16.0 -295.74| 7202 -5.73 -14.8 31.72| -125.36
8818 |11.000+|ULS-Set B (auto)/17 |CS4-Column4 - SHS350/350/16.0 -723.37 26.5 -5.45 10.23! 35.98| -38.31
8815 0{ULS-Set B {auto)/19 |CS4-Columnd - SHS350/350/16.0 0 0 0 0 0 0
B816 [10.200+|ULS-Set B (auto)/20 |CS4-Column4 - SHS350/350/16.0 -865.64| 3101 6.5 8.22 57.39| -52.04
B816 [4.200+ |ULS-Set B (auto)/2 |CS4-Columnd - SHS350/350/16.0 -282.13| 75.77| -4.54 -7.31 32.27| -132.32

Table 2.2.3.4. 2: Extreme internal forces

3. Conclusion

The study of multi-storey steel carpark design is focused on designing process , calculation
and analysis of framed structure both by hand calculation and software.

The slab floor system used in study makes construction faster ,besides it provides structural
stability during the construction. The interior sloped floor system design is provided to stay in
Eurocode boundary while designing interior ramp.

The study provides calculations which can be utilized in the future design. Besides the study
shows material quantity that are used in design in order to give an idea about financial cost.
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PROFILE MATERIAL INUMBER |LENGTH [mm] [WEIGHT [kg/m] [TOTAL WEIGHT [kg]
43 12600 165.6 89722.08
SHS 350*350*16 5355 2 12850 165.6 4255.92
2 13150 165.6 4355.28
16 13450 165.6 35637.12
SHS 110*110*14.2 [S275JR 104 7500 41 31980
60 7550 178 80634
4 5785 178 4118.92
8 5765 178 8209.36
22 6000 178 23496
HEA 600 5355 6 5000 178 5340
8 9000 178 12816
4 4885 178 3478.12
8 6015 178 8565.36
6 4500 178 4806
24 7500 178 32040
HEA 320 $275 12 5000 97.6 5856
24 6000 97.6 14054.4
TOTAL 369364.56

Table 4. 1:List of profiles

Appendix A - Analysis Procedure

In this study, the calculations are prepared on Jupyter notebook so that it can be utilized in the
future design.

Python Code of Beam Design

1. import handcalcs.render

from math import sqrt

import forallpeople
forallpeople.environment('structural', top_level = True)
%%render

L =(8.5*m) #for half span

g f= 2.43*kN/(m**2)*L #Floor dead load
b=(0.66*kN/m)  #SelfWeight,HEA 600(S355),Assumption
(g_f + m_b) #Total Dead Load
f=2.5*%(kN/(m**2))*L #Floor Live load

gq_f #Total Live Load

12. w_uls = g*1.35 + g*1.5 #Ultimate Limit State
13. w_sls = g+q #Serviceability Limit State
14. %%render

15. #Parameters

16. h=590*mm #depth

17. b=300*mm #width

18. t_w=13*mm #thickness

19. t_f=25*mm #flange thickness

20. r=27*mm #root radius

21. m_w=177.8*kg/m #weight

22. %%render

23.

24. d=h-2*(t_f+r) #tdepth between fillets

CONOYUT B WN

m_|
g:
10. q_
q:
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25
26

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
a47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.

59.
60.
61.
62.

63.
64.
65.
66.
67.
68.

69.
70.
71.
72.
73.
74.
75.
76.

77.
78.

_y=1412*10**6*mm**4 #second moment of area
1=3.14159265359 #m pi constant

_y=249.7*mm #radius of gyration
_T=4075*10**3*mm**4 #torsion constant

I w=8.8790*10**12*mm**6 #warping constant
G=81000*MPa #shear modulus

%%render

#Parameters

I z=112.7*10**6*mm**4 #second moment of area
i_z=70.5*mm #radius of gyration

%%render

#Parameters

Wpl_y=5350*10**3*mm**3 #plastic section modulus
Wpl_2z=1156*10**3*mm**3 #plastic section modulus
%%render

#Parameters

Wel_y=4787*10**3*mm**3 #elastic section modulus
Wel_ z=751.4*10**3*mm**3 #elastic section modulus
%%render

alpha= 0.49

A=22646*mm**2 #area

E=210*MPa #elasticity modulus

f_y=355*MPa #yield strength

f_u=490*MPa #ultimate strength

%%render

#Parameters

gamma_MO= 1.0 #partial safety factor

gamma_M1= 1.0 #partial safety factor

%%render

epsilon= ((235*MPa)/f_y)**(1/2)

%%render

c= (b-t_w-2*r)/2

limit= c/t_f

print("The flange in compression is Class 1") if c/t_f < 9*epsilon else print
("The flange in compression is Class 2 ")
%%render

c_b=d

limit= c/t_w

print("The web under bending is Class 1") if c_b/t_w < 72*epsilon else print(
"The web under bending is Class 2")

.1
. p
i
I

%%krender
eta= 1
h_w= h-2*t_f

limit= h_w/t_w

limit_2= 72*epsilon/eta

print("The shear buckling resistance of the web does not need to be verified.
") if h_w/t_w < 72*epsilon/eta else print("The shear buckling resistance of t
he web need to be verified.")

%%render

A_v= A-(2*b*t_f)+t_f*(t_w+2*r)

Vpl Rd = (A_v*(f_y/3**(1/2)))/gamma_Mo

%%render

V_Ed =334.18*kN

Vc_Rd=Vpl Rd

limit= V_Ed/Vc_Rd

print("The shear resistance of the section is adequate.") if V_Ed/Vc_Rd <1.0
else print("The shear resistance of the section is not adequate.")

%%render

limit= Vc_Rd/2

79.

80.
81.

82.
83.

#Shear force at maximum bending moment V_Ed= 334.180 kN

print("Therefore,no reduction in resistance to bending due to shear is requir
ed.") if Vc_Rd>V_Ed else print("Need reduction in resistance to bending due
to shear is required.")

%%render

Mc_Rd= Mpl_Rd= (Wpl_y*f_ y)/gamma_Mo



84.
85.
86.
87.

88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.

lo1
102
103

%%render

M_Ed= 496.94*kN*m

limit= M_Ed/Mc_Rd

print("Therefore,the bending moment capacity is adequate.") if M_Ed/Mc_Rd <1.
0 else print("Therefore,the bending moment capacity is not adequate.")
%%render

L_cr=9000*mm

epsilon=((235*MPa)/f_y)**(1/2)

lambda_1=93.9*epsilon

i=i 2z

lambdabar= (L_cr/i)*(1/lambda_1)

Uv=0.9

beta_w=1

C_1=3.75

beta=0.75

lambdabar_LTe=0.4

lambdabar_LT= 1*UV*1lambdabar*(beta_w**1/2)/(C_1**1/2)

phi_LT = 0.5*(1+alpha*((lambdabar_LT-
lambdabar_LT0)+(beta*lambdabar_LT**2)))

.chi_LT = 1/(phi_LT+((phi_LT**2)-(beta*lambdabar_LT**2))**(1/2))
.chi_LT=1

.M_b_Rd= chi_LT*Wel_y*f_y/gamma_M1

104.

print("Therefore,the lateral torsional buckling moment capacity is adequate.
") if M_Ed/M_b_Rd <1.0 else print("Therefore,the lateral torsional buckling
moment capacity is not adequate.™)

Python Code of Column Design
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LCoOoNOOTUVTDS WNERE

WWWWWWWWINNNNMNNNONNMNNNOMNNNNRRPREPREPRRERRERE
NOUPRAWNRPRPOUOVUONIOTUVUAWNRPRPOUOUONIOTUDAWNREREO -

import handcalcs.render

from math import sqrt

import forallpeople
forallpeople.environment('structural', top_level = True)
%%render

# Parameters

g k=0.00243*MPa

gq_k=0.0025*MPa

g sk=0.0007*MPa

. q_w=0.00032*MPa

. B=7500*mm

. H=8500*mm

. n_floor=3

. L_total=34000*mm

. H_total=12600*mm

. g steel=7.85e-7*N/mm**3

. A_col=7524*mm**2

. gamma_G=1.35

. gamma_Q=1.5

. gamma_Mo=1.0

. psi_©_snow=0.5

. psi_© wind=0.6

. b_c=350*mm #SHS 350*350*16

. %%render

. # Parameters

. #Section properties (SHS 350*350*16)
. h=350*mm #width

. b=350*mm #side dimension

. t=16*mm #thickness

. L=3500*mm #height

. r_0=24*mm #outer rounding radius
. r_i=16*mm #inner rounding radius
. A=21101*mm**2 #area

. A_v=10551*mm**2 #shear area

. %%render

. I=389.4*10**6*mm**4 #second moment of inertia
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38.
39.
40.
41.
42.
43.
44,
45.
46.
a47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.

94.
95.
96.
97.
98.
99.

W_el=2225*10**3*mm**3 #elastic section modulus

W_pl=2630*10**3*mm**3 #plastic section modulus

N_pl Rd=7490.96*kN #design plastic axial force resistance

V_pl _Rd=2162.46*kN #design plastic shear axial force resistance

M_el Rd=789.97*kN*m #design elastic bending moment resistance

M_pl_Rd=933.53*kN*m #design plastic bending moment resistance
pl Rd=668.91*kN #design plastic torsional moment resistance

i=i_y=1_ z=117*mm #radius of gyration

y_0=0
T=3264*10**3*mm**3 #torsion modulus
T=609900*10**3*mm**4 #torsion constant

f_y=355*MPa #yield strength

f_u=490*MPa #ultimate strength

gamma_M0=1.00 #resistance of cross-section

gamma_M1=1.00 #resistance of members to instability

G=81000*MPa #shear modulus

alpha=0.21 # buckling curve

pi=3.14159265359 #mt pi constant

I w=1.058*10**12*mm**6 #warping constant

E=210*GPa #modulus of elasticity

%%render

N_c_Rd= A*f_y/gamma_MO#for class 1

%%render

condition_1= N_Ed/N_c_Rd

%%render

L_cr=3500*mm

epsilon=((235*MPa)/f_y)**(1/2)

lambda_1=93.9*epsilon

lambdabar= (L_cr/i)*(1/lambda_1)

phi = 0.5*(1+alpha*(lambdabar-(0.2))+(lambdabar**2))

chi= 1/(phi+((phi**2)-(lambdabar**2))**(1/2))

N_b_Rd= chi*A*f_y/gamma_M1

%%render

condition_2= N_Ed/N_b_Rd

%%render

i @=(i_y**2+i_z**2+y O**2)**(1/2)

N_cr_T=(1/i_@**2)*(G*I_T+((pi**2*E*I_w)/L**2))

lambdabar_T= ((A*f_y)/N_cr_T)**(1/2)

phi_T = 0.5*(1+alpha*((lambdabar_T-0.2)+(lambdabar_T**2)))

chi_T = 1/(phi_T+((phi_T**2)-(lambdabar_T**2))**(1/2))

%%render

chi T =1.00

N_bT_Rd= (chi_T*A*f_y)/gamma_M1

%%render

e=268.5*mm

V_Ed_6=107.97*kN

M_Ed=M_Ed_6y= V_Ed_6*e

%%render

Uv=0.9

beta_w=1

C 1=1

beta=0.75

lambdabar_LTe=0.4

lambdabar_LT=1*UV*lambdabar*(beta_w**1/2)/(C_1**1/2)

%%render

phi_LT = @0.5*(1+alpha*((lambdabar_LT-

lambdabar_LT0)+(beta*lambdabar_LT**2)))

chi_LT = 1/(phi_LT+((phi_LT**2)-(beta*lambdabar_LT**2))**(1/2))

%%render

chi_LT=1

M_b_Rd= chi_LT*W_el*f_y/gamma_M1

%%render

condition_3= (N_Ed/N_b_Rd)+(M_Ed/M_b_Rd)
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O

10.
. q=q_f #Total Live Load
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44
45.
46.
47.
48.
49.
50.
51.

52.
53.
54.
55.

56.
57.
58.
59.
60.

import handcalcs.render

from math import sqrt

import forallpeople
forallpeople.environment('structural', top_level = True)
%%render

L =(9*m) #for longest span

g f= 2.43*kN/(m**2)*L #Floor dead load

b=(0.96*kN/m)  #SelfWeight,HEA 320(S355),Assumption
(g_f + m_b) #Total Dead Load

=2.5%(kN/(m**2))*L #Floor Live load

m_
g:
q_f
w_uls = g*1.35 + gq*1.5 #Ultimate Limit State
w_sls = g+q #Serviceability Limit State
%%render

#Parameters

h=310*mm #depth

b=300*mm #width

t_w=9*mm #thickness

t_f=15.5*mm #flange thickness

r=27*mm #root radius

m_w=97.6*kg/m #weight

%%render

d=h-2*(t_f+r) #depth between fillets
I_y=229.3*10**6*mm**4 #second moment of area

i_y=135.8*mm #radius of gyration

%%render

I_z=69.85*10**6*mm**4 #second moment of area
i_z=74.9*mm #radius of gyration

%%render

Wpl_y=1628*10**3*mm**3 #plastic section modulus
Wpl_z=709.7*10**3*mm**3 #plastic section modulus
%%render

Wel_y=1479*10**3*mm**3 #elastic section modulus
Wel_ z=465.7*10**3*mm**3 #elastic section modulus
%%render

A=12437*mm**2 #area

E=210*MPa #elasticity modulus

f_y=355*MPa #yield strength

f_u=490*MPa #ultimate strength

%%render

#Parameters

gamma_MO= 1.0 #partial safety factor

gamma_M1= 1.0 #partial safety factor

%%render

epsilon= ((235*MPa)/f_y)**(1/2)

%%render

c= (b-t_w-2*r)/2

limit= c/t_f

print("The flange in compression is Class 1") if c/t_f < 9*epsilon else print
("The flange in compression is Class 2 ")
%%render

c_b=d

limit= c/t_w

print("The web under bending is Class 1") if c_b/t_w < 72*epsilon else print(
"The web under bending is Class 2")

%%render
eta= 1
h_w= h-2*t_f

limit= h_w/t_w
limit_2= 72*epsilon/eta



61.

62.
63.
64.
65.
66.
67.
68.
69.

70.
71.
72.
73.
74.

75.
76.
77.
78.
79.
80.

print("The shear buckling resistance of the web does not need to be verified.
") if h_w/t_w < 72*epsilon/eta else print("The shear buckling resistance of t
he web need to be verified.")

%%render

A_v= A-(2*b*t_f)+t_f*(t_w+2*r)

Vpl Rd = (A_v*(f_y/3**(1/2)))/gamma_Mo

%%render

V_Ed =195*kN

Vc_Rd=Vpl Rd

limit= V_Ed/Vc_Rd

print("The shear resistance of the section is adequate.") if V_Ed/Vc_Rd <1.0
else print("The shear resistance of the section is not adequate.")

%%render

limit= Vc_Rd/2

#Shear force at maximum bending moment V_Ed= 334.180 kN

print("Therefore,no reduction in resistance to bending due to shear is requir
ed.") if Vc_Rd>V_Ed else print("Need reduction in resistance to bending due
to shear is required.")

%%krender

Mc_Rd= Mpl_Rd= (Wpl_y*f_ y)/gamma_Mo
%%krender

M_Ed= 496.94*kN*m

limit= M_Ed/Mc_Rd
print("Therefore,the bending moment capacity is adequate.") if M_Ed/Mc_Rd <1.
0 else print("Therefore,the bending moment capacity is not adequate.")
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1.
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10.
. d_p=300*mm
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

import handcalcs.render

from math import sqrt

import forallpeople
forallpeople.environment('structural', top_level = True)
%%render

f_yb=640*(N/mm/mm)

f_ub=800* (N/mm/mm)

f_y=355*(MPa)

#Parameters

b=160*mm

t=10*mm
%%render
alpha_v = 0.6
gamma_M2 = 1.25
A_s=157*(mm*mm)

F_VvRd = (alpha_v * A_s * f_ub )/ gamma_M2
%%render

e 2 = 80*mm

d 0 = 18*mm

k 1 =min (((2.8%e_2/d_0)-1.7) , 2.5)
%%render

e_1= (50*mm)

p_1= (60*mm)

f_u= (360*MPa)

alpha_b = min((e_1/(3*d_0),(p_1/(3*d_0)-0.25),(f_ub/f_u),(1)))
%%render

e 1 1= (170*mm)

p_1= (60*mm)

f_u= (360*MPa)

alpha_b = min((e_1_1/(3*d_0),(p_1/(3*d_0)-0.25),(f_ub/f_u),(1)))
%%krender
d=16*mm



37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
a47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.

t=10*mm

F_bRd = k_1*alpha_b*d*t*f_ u/gamma_M2
%%render

V_rd= 4*F_bRd

%%render

V_Ed=107.97*kN

e_boltgroup=268.5*mm

M_ed = e_boltgroup * V_Ed

%%render

a=(6*mm)

1=(300*mm)

W_el w= ((2*a*1**2)/6)

sigma_w = M_ed/ W_el w

%%render

tau_L =sigma_L = sigma_w/2*¥*(1/2)
tau_II= V_Ed/(2*a*l)

%%render

beta_w = 0.9

C_1= ((sigma_L**2+43*(tau_L**2+tau_II**2))**(1/2))
C_2= f_u/(beta_w*gamma_M2)

%%render

sigma_L=sigma_w/2**(1/2)

C_3= f_u/gamma_M2

%%render

A nt = t*(e_2-(d_0/2))

A nv = t*(e_2+p_1-d_0-d_0/2)
gamma_Mo=1.00

V_eff2Rd= ((©0.5* A_nt*f_u)/gamma_M2)+ (A_nv*f_y)/(3**(1/2)*gamma_Mo)
%%render

A_v=t*d p

V_plRd= (A_v*f_y)/(3**(1/2)*gamma_Mo)
%%render

t_w=13*mm

A _ntw= t_w*(e_2-d_0/2)

A _nvw= t_w*(120*mm+e_1+4p_1-d_0-(d_0/2))
%%render

V_eff2Rd= ((©.5*A_ntw*f_u)/gamma_M2)+(A_nvw*f_y)/(3**(1/2)*gamma_M@)
%%render

M_elRd = (W_el w * f_y)/gamma_M@
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10.
. B=7.5*m
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

import handcalcs.render

from math import sqrt

import forallpeople
forallpeople.environment('structural', top_level = True)
%%render

# Parameters

g_k=2.43*%KkN/m**2

g_k=2.5*kN/m**2

g sk=0.7*kN/m**2

q_w=0.32*kN/m**2

H=8.5*m
n_floor=3
L_total=34*m
H_total=12.6*m

g steel=785*N/m**3
A_col=7524*mm**2
gamma_G=1.35
gamma_Q=1.5
gamma_Mo=1.0
psi_@ snow=0.5
psi_© wind=0.6
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23

24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.

87

. b_c=350*mm #SHS 350*350*16
%%render
A_load= B*H*2
%%render
N_self= A col*g steel*H_total
%%render
N_dead= A_load*g k*n_floor
%%render
N_live= A _load*q_k*n_floor
%%render
N_snow= A_load*g sk
%%render
M_wind= q_w*(L_total/2)*((H_total**2)/2)

N_wind= M_wind/B  #Tension force
%%render

N_Ed= gamma_Q*(N_self+N_dead)+gamma_Q*(N_live+N_snow*psi_©@ snow+N_wind*psi_0_
wind)

%%render

# Parameters

t=30*mm

b_1=450*mm

d_1=450*mm

b=500*mm

d=500*mm

h=500*mm

b_r=425*mm

#Column Base Material

f_y=355*MPa

E=210*GPa

gamma_0=1.0

#Pad footing material: concrete C25/30
f_ck=25*MPa

gamma_c=1.5

#Grout not specified

%%render

b_2= min(b_1+2*b_r,3*b_1,b_1+h)
d_2= min(d_1+42*b_r,3*d_1,d_1+h)
%%render

k_j= ((b_2*d_2)/(b_1*d_1))**(1/2)

beta_j =2/3 #joint coeff.

%%krender

f_jd= (beta_j*k_j*f_ck)/gamma_c
%%krender

c= t*(f_y/(3*f_jd*gamma_M@))**(1/2)
%%krender

A_eff=(2*c+b_c)**2

%%krender

N_b_Rd= A_eff*f_jd

%%krender

R_condition = N_Ed/N_b_Rd

%%krender

V_Ed= gamma_Q*q_w*(L_total/2)*(H_total/2)
%%krender

# Parameters

f_ub=490*MPa

f_yb=355*MPa

A_s=245*mm**2

n_b=2

alpha_v=0.5

gamma_M2=1.25

%%render
alpha_b=0.44-0.0003*1/MPa*f_yb
F_1vb_Rd= 0.85*(alpha_v*f_ub*A_s)/gamma_M2
F_2vb_Rd= (alpha_b*f_ub*A_s)/gamma_M2
%%render

. F_vb_Rd= min(F_1vb_Rd,F_2vb_Rd)



88. %%render

89. V_Rd= n_b*F_vb_Rd

90. %%render

91. R_condition2= V_Ed/V_Rd

Python Code of Bracing Member Design

1. import handcalcs.render

from math import sqrt

import forallpeople
forallpeople.environment('structural', top_level = True)
%%render

b=120*mm

t=14.2*mm

A_s=5790*mm**2

9. f_y=275*MPa

10. L=8276*mm

11. E=210*GPa

12. I_y=10500000*mm**4

13. I_z=10500000*mm**4

14. gamma_Mo=1.0

15. gamma_M1=1.0

16. alpha=0.21

17. pi=3.14159265359

18. %%render

19. N_Ed=259.22*kN #from SCIA

20. N_c_Rd= (A_s*f_y)/gamma_Me

21. %%render

22. C_1= N_Ed/N_c_Rd

23. %%render

24. L_cr=L

25. N_cr= (pi**2*E*I_z)/L_cr**2

26. lambdabar= ((A_s*f_y)/N_cr)**(1/2)
27. phi = @.5*(1+alpha*(lambdabar-(0.2))+(lambdabar**2))
28. chi= 1/(phi+((phi**2)-(lambdabar**2))**(1/2))
29. N_b_Rd= chi*A_s*f y/gamma_M1

30. %%render

31. C_2= N_Ed/N_b_Rd

coONOUVT A WN
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