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About the program

This program is created for design of steel elements according to Eurocode 3 (EN1993-1-
1:2005) and Bulgarian Code for Steel Structures. Calculations include elastic and plastic
section design and local and overall element buckling for combined action of axial forces
(tension or compression), bending moments in two direction, shear forces and torsion. Eight
different types of sections are available | T I [ @ O B O. Program includes rich library of
standard steel sections. An option to define holes in webs and flanges is also available. Results
are presented in professional html report for viewing and printing.

Entering data

Program data is divided into several pages:

I Materials and Sections Data j Stability Data

% Loading Data Iﬁl Design Results
——

Click the respective button to switch between pages. The El "Results" button starts
calculations and generates an html report, which is displayed on screen. If file is not saved,
the user is prompted to do that. Input values are entered in tables or text fields on each page.
You can move to the next field by mouse click or with the Tab key. You can go back to the
previous field with Shift+Tab combination.

Files

Input data for each problem is saved in a file with *.stl extension, and the results are written

to a *.stl.html file. File open and save are done with the respective @ "Open" and
"Save" commands. A standard dialog is displayed, where you should select file name and
path. If the file has already been saved, the "Save" command will use current file name

without prompting. The D "New" command clears current data. You can save the file under
different name by clicking the arrow next to the "Save As..." button.

Input Data

Materials

Select steel grade from "Steel" combo box. Program automatically fills in the respective
strength properties f, and f,. You can also input custom values for f, and f,, if steel grade is
not available in the list. Partial safety factors are also required. Default values are: ywo = 1.05,
ym1 = 1.05, ym2 = 1.25.

Cross sections

Eight different types of shapes are included. Sections can be standard - hot-rolled, cold
formed, built-up, welded etc. For non-standard cross sections the section type is selected from
the respectivebutton (L T I L B @ O Q) and dimensions are entered by the user.
Notations for dimensions and axes for different types of steel sections are as follows:
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Section area properties are calculated precisely including fillets. There is no option for
tapered flanges, so they should be entered as parallel ones by entering the average
thickness. In this case section properties are approximate. Torsional properties are calculated
by approximate formulas with precision of 1% - 2%.

Standard cross sections are selected from the "Steel Sections Library" tables. Library is
opened with the E button which can be found next to section types. Select section type
according to the respective standard - European, Russian or Bulgarian.
European

Hot rolled equal angles to EN 10056-1

Hot rolled unequal angles to EN 10056-1

Hot rolled normal channels to NF A 45-202

Hot rolled I-sections IPE to EN 89

Hot rolled wide flange I-sections HE to EN 53-62

Hot rolled circular hollow sections CHS to EN 10210-2

Hot rolled square hollow sections SHS to EN 10210-2

Hot rolled rectangular hollow sections RHS to EN 10210-2

Cold formed square hollow sections SHS to EN 10219-2

Cold formed rectangular hollow sections RHS to EN 10219-2
Russian

L Hot rolled unequal angles to GOST 8510-72

I Hot rolled I-sections with paralel flanges to GOST 2620-83

I Hot rolled wide flange I-sections to GOST 2620-83

I Hot rolled I-columns to GOST 2620-83

Bulgarian

L Hot rolled equal angles to BDS 2612-73

[ Hot rolled channels with tapered flanges to BDS 6176-75

[ Hot rolled channels with paralel flanges to BDS 6176-75

I Hot rolled I-sections to BDS 5951-75

OO0O00QHHMMF —

Section dimensions and properties are displayed in tables. Select a section with the mouse,
and click the H “Load” button. Section dimensions are loaded in the program, and area
properties are calculated as for non-standard sections. Presented table properties are only for
information. Library sections can be additionally modified after loading. For example with this
method you can enter a T-section made by cutting a standard I-section in two. Select the I-
section from the library, load it into the program and modify section type and height.
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Holes/openings in sections

Holes in webs and flanges are entered by specifying diameter, number and distance between
holes. Section preview is updated with the specified holes. Holes outside the section are
colored in red. Holes with spacing and edge distance smaller than required are colored in
yellow. This is a warning to the user that distances are non-compliant to code requirements for
bolt connections, but this does not stop further input because holes may have another
purpose. Specified holes are considered in section analysis. Holes are not considered in
element buckling checks.

Loadings

Axial force N, bending moments M,, M,, shear forces Q,, Q, and torsional moment T are
entered. You can have one, several or all of the above loads acting separately or
simultaneously. Different combinations of design loads are possible. Positive axial force is
tension.

Effective lengths
Effective lengths are required for buckling analysis of steel and reinforced concrete elements.

Buckling factors for the two main planes u,, x4, shall be entered and the program calculates the
respective effective lengths L, Ler, .YOUu can also input distances between restraints.
Recommendations for buckling factor values for different types of structural elements are
given in the respective design codes.

The & button opens the “Buckling calculator” dialog, where u is calculated depending on the
selected support conditions. The procedure for columns in frames is also implemented.

7

©=0.725 p=1.12

7

Effective length for lateral-torsional buckling is defined as the distance between lateral
restraints of compressed flange. Load position (top flange, neutral or bottom flange) and load
type (end moments, distributed, concentrated) are also required as well as the shapes of
bending moment diagram. Local buckling of beam webs is also checked. Stiffening ribs can be
defined and rib spacing a should be entered.
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Design to Bulgarian code

All required checks for strength, global and local buckling for the web and flanges are
performed. Design procedures are developed in accordance with "Design Code for Steel
Structures" - 1987, for spatial frame elements. Design checks are preformed independently for
all load combinations. Detailed design results are displayed in a professional html report.
Design checks for strength

Strength design checks are performed in elastic state with no allowance for plastic
deformations. Stress is calculated for specific points based on the internal forces and section
properties.

ox(¥,z) = N/Ane £ My2/1, 0 = My y/ I,
Tx2(y) = Q- S:(y)/b(y)*I, a=sy/ (Sw-dy)
Tyw(Z) = Q,Sy(Z)/b(Z)*I, a = s/ (st- d)
Tred =V T2+ T00°
Ored =V O+ 3Tred’
Ty = T/W,

If there are holes (openings), strength design checks are performed for the effective section
properties. Stress is calculated in the following points depending on section type:

5'62

Maximum normal, shear and effective stresses are calculated for all points:

oy = max(loil, oz, 03], 104]) T = max(| Tyl | Txel/ 17T ¢l Treal)

For unsymmetrical I sections shear force Q, is distributed between top and bottom flange as
follows:

Q:=QyI:/(It+1I) Q> =Q,I:/(I++I)
Final result is presented by the following bearing capacity factor:

Design stress

K =
Material resistance

Checks are displayed in tabular form:

STRESS O x T xy Txz T MAX O RED

check 0x< %Ry |7xy< 0.58%Ry|7x< 0.58)cRy|7max< 0.58% Ry|0rea< 1.15) Ry

O x T O'red
YeRy 7<0.58:R, ye1.15-R,

K factor

Page 6 of 45



NS
Steel Expert EC v 2.0/2010
NPOEKTCO®T Design of steel elements

Global Buckling
Global buckling checks are performed for separate or combined compression and bending. The
following buckling factors are calculated:

@ = min(@,, ¢,) - for compression only;

@ ey — for compression and bending about y axis;

@ zc - buckling about z axis for compression and bending about y axis;

@ e,z — for compression and bending about z axis;

@ e,yz — for compression with biaxial bending;

@b - for lateral-torsional buckling.

Global buckling checks are displayed in the form of - {o} < y.R,

{ }_ N N N N N M
o @ A PevA | 922CA | 0ez’A | 9e’A | 9 We
K -
factor Ao}

7Ry

Local Buckling

Local buckling design for web and flanges is performed for both bending and compression and
more conservative results are used. Local buckling checks are not performed for rectangular or
circular solid sections. The equation r/t < 3.14 V/(E/R,) is used for circular tubes. Local
transverse load oy is not considered for buckling of beam webs. If "Allow web local buckling"
option is active and web buckling checks are not satisfied, then calculations are repeated,
considering only effective zones with width 0,65.t.VE/R, at both ends of the web. Middle web
zone that has buckled is excluded.

Design results are the maximum ratios b¢/t; and h/t,. From these values minimum thicknesses
of flanges and webs are determined and compared to the real values & nin<t: n t, min<t,.

Examples to Bulgarian code

Example 3.1.

Calculate bearing capacity of roof truss compressed chord, made from equal angles
17100.100.8 with in-plane and out-plane buckling lengths I = I, = 3m. Thickness of the gusset
plates is 10 mm. Steel grade is BCT3nc5.

Solution

Steel strength: R, = 225 MPa 7R, = 0.95-225 = 214 MPa

Cross section area: A=2-A; =31.2cm?

Radius of gyration: iy, =3.07 cm, i, = 4.47 cm

Maximum element slenderness: Amax = 300/3.07 =98 < 4, = 180

Effective slenderness: A = A(Ry/E)Y? = 98-(214/2.06-10°)"? = 3,16

Buckling factor: @ = 1.47-13+(214/2.06:10°)-(0.371-27.3+ (214/2.06:10°))-

3.16+(0.0275-5.53-(214/2.06-10°))-3.16% = 0.59
Bearing capacity of the element is F = ¢-A-y-R, = 0.59-31.2-21.4 = 394 kN
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This example is checked with Steel Expert. Bearing capacity is entered as external loading and
capacity ratio shall be close to 1.0. There is no option for built-up section form pair of angles.

That is why section is defined as T section.

Proektsoft - Steel Expert EC 2.0/2010

Steel Element Design To NPSK'87

Project: Element:
Building: Author/Date:
Client: Checked By:
Input Data
Steel - Ry = 225 MPa y. = 0.95
Section Dimensions And Properties - LO - TEE
h t, a] t;
[rmm] | [rmm] [mm] | [rm]
- b=200 = =g 100.0 | 16.0 200.0 8.0
ri rn A vz ,.-:-..w
v L [mm] | [mm] | [em®] | [em?] | [cm?]
-
' 12.0 31.3 16.0 11.1
=100 | £
I',l Iz II"III"'IEI,',I II"III"'IEI,Z II"I""'I|:|I,',l II"III"'I|:|I,z
[em*] | [em*] | [em®] | [em®] | [em®] | [cm?]
293.2 | 537.2 41.2 53.7 83.8 g86.5
= t—febw=16 i, i . C, I, W,
[em] | [em] | [em] | [em] | [em*] [ [cm®]
3.1 4.1 7.2 10.0 g.4 21.6
Buckling Lengths Lateral-Torsional Buckling
About axis "y" - L . , = 300.0cm Load position - Top flange
About axis "2" - L, = 300.0cm Load Type - End moments
LT buckling - L_g = 0.0cm Web stiffeners at 0.0cm
Internal Forces
Case | Mgy [kN] M, Ed [kMen] | M, gy TkN] | W, gy [RN] Yy Ed [kN] | Ty [kMm]
1 -394.0 0.0 0.0 0.0 0.0 0.0
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Design Results

Stress Checks

Case | O, Txt,' Tz Trmax | “rad

1 1257 ( 0.0 | 0.0 0.0 | 1257

Case | o,/ }'CR? Ty J0.58y R T,/ 0.58y R T/ 0.58y R Tpag ¢ L. 157 R

Y Y Y Y

1 0.59 0.0a0 0.00 0.00 0.51
Element Buckling - {c} < TR, Local Buckling
1-,- A, ¢ Pay Pt Pe.z Pevz | P max b"'llltf = 210
avy.3 | 72,5 | 0,58 | 0,00 | 000 | 000 | 0,00 | 1.00 tf = 3.8 rmm ::tf
SN
I M M M Y il max b/t = 18,9
Case o f
o} @b q;.e?ﬁ q;.zcﬁx q:uEsz-‘« ':Pe,',lz'é' q:uch
. [MPa] | 216.4 | 0.0 | 00| 0.0 0.0 | 00 ymin = 42 mm <t
Ratio 1.01 | 0,00 | 0.00 0.0a0 Q.00 0.0a

Design checks are not satisfied: K = 1.01

Difference to manual calculations is 1.3%.

Example 3.2.

Design a steel column of pipe rack with height 720 cm, loaded with compressive force F=1000
KN. Column is fixed to the foundation about its stronger axis and is hinged about the other
axis. Top of the column is with hinged supports in both directions. There are additional lateral
supports at 1/3 and 2/3 of column height about the weaker axis.

Solution
Column section is selected to be an I section from steel BCt2nc6 - FOCT 380-71,
Steel strength is R, = 235 MPa for thickness 4-20 mm.
Buckling lengths: Iy = weh = 2-720=1440 cm

les,= h /3 =720/3 = 240 cm

Try section 140 with the following properties:

Cross section area: A =726cm’

Radius of gyration: iy = 16.2 cm, i, = 3.03 cm

Maximum element slenderness: Amax = 1440/16.2 =89 < A, = 180

Effective slenderness: A = A(R,/E)"Y? = 89-(235/2.06-10%)"2 = 3.00

Buckling factor: @ = 1.47-13-(235/2.06-10°)-(0.371-27.3- (235/2.06:10°))-

3.00+(0.0275-5.53+(235/2.06-10°))-3.00 = 0.63
1000/(0.63-72.6) = 21.86 < yR, = 23.5 kN

Normal stresses are o= F/(¢-A)

Bearing capacity of the elementis k = o/y-R, = 21.86/23.5 = 0.93
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This example is checked with Steel Expert. Since there is no option to define tapered flanges,
section is defined approximately with parallel flanges with mean thickness.

Proektsoft - Steel Expert EC 2.0/2010

Steel Element Design To NPSK'87

Project: Element:
Building: Author/Date:
Client: Checked By:
Input Data

Steel - Ry = 235 MPa v. = 1.00

Section Dimensions And Properties - [ 40 - I-SECTION
h t b K b, Tz
T [rmim] [rarm] | [mm] | [mm] | [ [rrrn]
400.0 2.2 | 155.0 13.0 155.0 13.0
B=hhy=0.3
r-i o A vz wy
[rmm] [ram] | [em®] | [em?] | [cm?]
y C 15.0 6.0 73.0 321 33.6
k=400 L -
0 > I',l Iz II"III"'IEI,',I el,z pl.y II"III"'I|:|I,Z
' [cm®] [em*] | [em®] | [em?®] | [em?] [cm?]
192552 | 791.9 | 982,82 | 102.2 | 1099.7 | 161.7
tf=13 i, i C, c, I, W,
1 :} [em] [em] | [em] | [em] | [cm*] | [em®]
jm—b=155—a={ 16.2 3.3 20.0 7.8 35.9 26.7
Buckling Lengths Lateral-Torsional Buckling
About axis "y" - L_g , = 1440.0cm Load position - Top flange
About axis "z" - L g o = 240.0cm Load Type - Uniformly distributed
LT buckling - L_g , = 240.0cm Web stiffeners at 0.0cm
Internal Forces
Case | Mgy [kN] M, £d [kMm] | M, gy [RNT [ Y, gy [KN] Yo Ed [kM] | Tp4 [kMNm]
1 -1000.0 0.0 0.0 0.0 0.0 0.0
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Design Results

Stress Checks

Case | O, Txt,' Tz Trnax Sred

1 1371 ( 0.0 | 0.0 00| 1371

Case | o,/ }'CR? Ty / D.EB?CR? T,/ D.SB}'ER? T D.EB?CR? Spad ¢ 1'15'?'.:R.,.

1 0.58 0.o0 0.00 0.o0 0.51
Element Buckling - {c} < R, Local Buckling
15- A, @ Py P Pe.z Povz | P max b/ty = 20.3
gg.6e | Y2.8 | 0.63 | 0,00 | 0.00 | 0,00 0.0o 1.00 tf = 2.9 mm {tf
SN
I I I M M i max hf/t, = 7E.5
Case L f
to} A q:'e',l'&' q:'z':'&' q:'e,z'ﬁ' ':Pe,',lz'ﬁ' q:'l:-wc
. [MPa] | 218.4 | 00| 0.0 0.0 0.0 | 0.0 ymin = HB MM <t,
Ratio 093 | 0,00 0,00 .00 .00 0.00

Design checks are satisfied: K = 0,93

Difference from manual calculation is (218.6-218.4)/218.6:100 = 0.09%

Example 3.3.
Design a secondary beam from industrial platform under following conditions:

Span length: I = 6 m; spacing between secondary beams: a = 1.5 m; dead load: g, = 2
kN/m?; live load: v, = 5 kN/m?; steel grade: BCT2kn , R, = 215 MPa, thickness: t < 16 mm.

Solution

Characteristic load: g, = (gn+vy)a = (2.0+5.0):1.5 = 10.5 kN/m

Ultimate load: q = (gnYigtVorysn)a = (2.0-1.05+5.0-1.2)-1.5=12.15 kN/m
Bending moment: M = q-I*/8 = 12.15-6%/8 = 54.68 kN-m

Selected section is I24 with the following properties

Section modulus: W = 289 cm’

Bearing capacity of the element is o = M/W = 5468/289= 18.9 < y-~R, = 21.5 kN
k=o/y-R, = 18.9/21.5 = 0.879

This example is checked with Steel Expert. Since there is no option to define tapered flanges,
section is defined approximately with parallel flanges with mean thickness.
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Proektsoft - Steel Expert EC 2.0/2010

Steel Element Design To NPSK'87

Project: Element;
Building: Author/Date:
Client: Checked By:
Input Data
Steel - Ry = 215 MPa v, = 1.00
Section Dimensions And Properties - I 24 - [-SECTION
h ty b i b, T2
T (ol (ol (ol (ol
i [rm] | [mm] | [mm] | [mm] | [mm] | [mm]
240.0 .o 115.0 9.5 115.0 9.5
mHbw=5 6
ri rn A 'é"l.lz ,.-:-.,I.”?I
[rm] [rm] | [em?] | [em?] | [cmZ]
v C 11.0 4.0 351 12.9 13.2
h=240 -
; 7 I',l Iz II"III"'IEI,',I II"III"'IEI,Z II"III"'IpI,',I II"III"'IpI,z
[em*] | [em®] | [cm®] | [cm®] | [cm®] | [cm®]
3511.8 | 237.1 | 292.7 41.2 | 329.9 64,3
th=3.3 i, i C, C, I, Wi,
1 % fem] | fem] | fem] | lem] | [em*] | [cm?)
jt——h=115——=] 10.0 2.6 12.0 t.a 9.5 9.6

Buckling Lengths
About axis "' - L_g , = 0.0cm

About axis "z" - LeFF,z = 0.0cm

LT buckling - L = 0.0cm

Internal Forces

Lateral-Torsional Buckling
Load position - Tap flange

Load Type - Uniformly distributed
Webh stiffeners at 0.0cm

Case | Mgy [kN]

M?,Ed [kMm] M. Ed [kM]

¥ gq [kN] ¥, Ed [kM]

Tey [kNm]

1 0.0 54.7

0.0 0.0 0.0

0.0
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Design Results

Stress Checks

Case | O, Tx',l Tz Trmax | “red

1 186.9 ( 0.0 | 0.0 0.0 | 167.0

Case | o, £ '?"-:R-,- Ty £ 0.58y R T, £ 0.58y R o £ 0.58y R Trad r) 115 R

Y Y Y Y
1 0.8v 0.a0 0.ao 0.a0 0.68

Element Buckling - {c} < yR Local Buckling

Y

Ao | @ Pay | PC | oz | Payz | B max b/t; = 16.6
00| 00| 000 | 000|000 (000000 000 tF = A mm ::tf
Aaalinl
I I I I M il max b/, = 0.0
Case —_— f
{c} o ':F'e-,-’f“ @, Ch q:uEer-‘« ':F'e,-,-z'é‘ P
) [MPa] | 0.0 | 00| 0.0 0.0 0.0 | 0.0 tyrmin = 0.0 mm <t
Ratio Q.00 | 0,00 | 0.00 0.00 0.0a0 Q.00

Design checks are satisfied: Kk = 0,57

Difference from manual calculation is (0.879-0.869)/0.879-100 = 1.1%

Example 3.4.

Design an eccentrically loaded column with IPE section. Column height is 8.0 m, axial force is F
= 1080 kN and bending moment along strong axis is M = 120 KN.m. Column is hinged in both
ends. Column is laterally restrained at each 2m out of plane of bending. Steel class is S235 to
EN-1993-1-1.

Solution

Steel yield strength: R, = 235/1.1 = 214 MPa; % = 1.0;

Section IPE 450 is selected with the following properties:

Cross section area: A = 98.8 cm2;

Section elastic modulus: W, = 1500 cm2;

Radius of gyration: i, =18.5cm; i, = 4.12 cm

Slenderness: Ay =1/i, =800/18.5 =43.2 < A, =180

Effective slenderness: A~y = A, (R,/E)Y? = 43.2-(214/206000)"? = 1.39

Effective eccentricity: m = M-A/(F-W,) = 12000-98.8/(1080-1500) = 0.732

Factor n is calculated trough linear interpolation for ratio:
A/A, =190.4:14.6/((450-2-14.6)-9.4) = 0.7
For A/A, = 0.5 n=(1.75-0.1:m) - 0.02:(5-m)-A~, =
= (1.75-0.1:0.732) - 0.02:(5-0.732)-1.39 =1.558
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For A/A, = 1.0

my=n-m=161-0.732 = 1.18

Factor @. is defined with linear interpolation table 61, Art. 114

7 = (1.90-0.1-m) - 0.02- (6-m) ‘A", =
= (1.90-0.1-0.732) - 0.02- (6-0.732) -1.39 =1.680
7 = 1.558 + (1.680-1.558) - (0.7-0.5)/(1.0-0.5) = 1.61

z‘y Metl 100 | 1,18 | 1,25
1,00 | 0,653 0,600
1,39 | 0,606 | 0,573 | 0,559
1,50 | 0,593 0,548

@. = 0.573

Stability check for eccentric compression

o= F/(¢p.-A) = 1080/(0.573-98.8) = 19.1 kN/cm? < 21.4 kN/cm?
A7, = A,(R,/E)Y? = 49:(214/206000)"2 = 1.58
@, =1-(0.073 - 5.53-R,/E) -A~,;”* =

Slenderness:

Buckling factor:

c = fB/(1+amy) = 1/(1+0.7-0.732) = 0.661
Buckling check for eccentric compression out of plane of bending

o= F/(¢,cA) = 1080/(0.572:98.8) = 19.1 kN/cm? < 21.4 kN/cm?

= 1-(0.073 -5.53:214/206000)-1.58%% = 0.866

@, ¢ = 0.866-0.661 = 0.572

This example is checked with Steel Expert. Since there is no option to define tapered flanges,

section is defined approximately with parallel flanges with mean thickness.
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Proektsoft - Steel Expert EC 2.0/2010

Steel Element Design To NPSK'87

Project: Element:
Building: Author/Date:
Client: Checked By:
Input Data

Steel 5235t «< 40 - Ry = 215 MPa v, = 1.00

Section Dimensions And Properties - I[PE 450 - [-SECTION
h Ly b s b, Uz
T [rmim] [rrirn] [rmm] [rmrm] | [mm] [rrirn]
450.0 9.4 190.0 14.6 190.0 14.6
={thy=9 4
ri rn A "':'"._.z ,.'l'.,w
[rmm] [rmm] [em?] [cm2] | [cmZ]
o C 21.0 0g8.8 40,9 46,2
h=450 L -
; 7 I',l Iz II"III"'IEI,',I II"III"'IEI,Z II"III"'IpI,',I II"III"'I|:||,z
[crm?] [cm®] | [em®] | [em®] | [em®] | [cm?]
323742.9 | 16759 | 1499.7 | 176.4 | 1701.8 | 276.4
t=14.6 i, i C, c, I, W,
L] I [em] | feml | [em] | [em] | [em®] | [em?]
fme——b=190——=] 18.5 4.1 22.5 9.5 66,5 45.0
Buckling Lengths Lateral-Torsional Buckling
About axis "y" - L , = 800.0cm Load position - Top flange
About axis "z" - L_ = 200.0cm Load Type - End moments
LT buckling - L_g = 800.0cm Web stiffeners at 0.0cm

Internal Forces

Case | Mgy [kN] M, Ed [kMrn] | M, gy [RMT | %, g [KN] Y, Ed [kM] | Tgy [kNm]
1 -10820.0 120.0 0.0 0.0 0.0 0.0
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Design Results

Stress Checks

CaSE Ij}{ TX',' TXZ Tma

® red

1 189.3 | 0.0 | 0.0 0.0 | 181,

9

Case | 6,/ TRy | Tuy ! 0.581R,

Ty, / 0.58yR,

Trax ! 0.58yR,

Tpag ¢ 1 15v.R,

1 0.2a 0.00 0.00 0.00 0.74
Element Buckling - {s} = TR, Local Buckling
l-,- A, @ Py P, Pe.z Povz | P mas h"'llltf = 169
43.3 | 48,6 | 0.87 | 0,57 | 0.57 | 0.00 | 0.00 | 0.53 te = 41mm <t
LN
I I M M M I max hft, = 76.2
Case — f
{o} @b ':Pe-,-'&' cpzl:.-'l'-. q:'e,z'ﬁ' ':Pe,-,-z'ﬁ' lipb"-""'-"c
. [MPa] | 125.9 | 192.3 | 120.5 | 0.0 0.0 | 160.4 Lyrmin = 5.0 mm <t,
Ratio 0.5 0.39 o.29 .00 0.00 0.75

Design checks are satisfied: K = 0.89

Difference from manual calculation is (191-190.5)/191-100 = 0.31%
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Design to EN 1993 1-1:2005

Classification of cross sections

Section class is based on the assumption that section is loaded either with uniform
compression or pure bending. Class is determined for each part of the section, using Table 5.1
for the respective stress diagram. In case of bending of non-symmetrical sections, equations
for bending and compression are used for stress calculation, and the ¢/t factor is determined
assuming that neutral axis passes through the centre of area.

Sections with class 1 and 2 are designed for plastic resistance and sections class 3 - for elastic
resistance. Sections of class 4 are not designed in current version. In these sections local
buckling occurs before steel yielding.

The most conservative result from classification of separate parts is relevant for the whole
section. If no compression is defined, classification for compression is not taken into account.
If no bending moments are defined, classification for bending is not taken into account,
respectively.

In case of combined loading (compression and bending) this approach gives conservative
results. Take for instance beam with IPE 400 section, loaded with bending 300 KN.m and
compression -0,10 KN. Web shall be classified as Class 1 for bending and Class 4 for
compression. But final class for the section is Class 4, due to the presence of compression. In
such cases when the effects of compressive forces upon final stresses are negligible, it is
better not to consider them.

Results of section classification are provided in tabular form:

Compression | Bending

Web [Class 4 Class 1

Flanges|Class 1 Class 1
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Table 5.2. Maximum width-to-thickness ratios for compression parts
Sheet 1 of 3. Internal compression parts

Internal compression parts

—— —— ——
_H‘TC _ _ IC _ 1 ¢ _ _ ’—C‘ __ Axisof
t J t-—A ¢l t u bending
t
1 ¥ ]
el _T=T°" ‘[ ﬂ
: . | . | e -4J

S

Class Part subject fo Part subject to Part subject to bending and compression
bending COMpPression
f, f f
Stress — — —
distribution + + + | lac
1n parts c c c
(compression - j
positive) — —t I
fh’ f}’ f}'
396e
wheno >0.5: ¢/t< o1
1 c/t=72e c/t=<33e “-
36e
when ot <0.5: ¢c/t<—
o
456
wheno >0.5: ¢/t< Go_1
G. —_
2 c/t=83¢ c/t=38¢
41.5e
when o <0.5: ¢/t<
o.
f f
Stress — _f E—
distribution *; *
i parts c . c C
(compression i - c/2 é
positive) —
f, i,
42e
wheny>-1: ¢/t <——
3 c/t<124¢ c/t<42e 0.67+0.33y
wheny<—17: ¢/t <62e(l —qj}-\jr(—\.p}
e= (235 £ f, 235 275 355 420 460
v ; £ 1.00 0.92 0.81 0.75 071
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Sheet 2 of 3. Outstand flanges

Outstand flanges
.C, c c |
+ | L T ]
t t t! t
Rolled sections Welded sections
Class Part subject to compression __ Part 511bject fo bending and compression
Tip 1n compression Tip 1n tension
Stress oc oc
distribution __ _l: +
in parts T e - —
(compression | | I : Vi
positive) ' | —Cc 4 | . C —
9¢ 9e
1 c/t<9e c/ts— c/t€—
o o O
10e 10e
2 c/t<10e c/ts—0 S —
o oA oL
Stress /
distribution __ —_ + __1*
: in parts | T | F—/Z| | Ir“
Compression ; }~—-f i |..—_<C | )..—_IC
positive) '
t<2lefk_
3 c/t<l4e - V¥o
For k; see EN 1993-1-5
e— ."ﬁ £, 235 275 355 420 460
v £ 1,00 0,92 0,81 0,75 0,71
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Sheet 3 of 3. Angles

Angles
| h |
I J, I
t Does not apply to angles m
Refer also to “Outstand flanges™ b continuous contact with other
(see sheet 2 of 3) components
Class Section m compression
Stress
distribution f
across c S
section
(compression U
posifive)
+h
3 h/t=15e: <115e
2t
Tubular sections
t-|
'W\ d
Class Section in bending and/or compression
1 d/t<50¢’
2 d/t<70¢e’
. d/t<90e’
i NOTE For d/t>90ge” see EN 1993-1-6.
r f, 235 275 355 420 460
£= \I.'ZSS f], E 1.00 0,92 0,81 0,75 0,71
g 1,00 0,85 0.66 0,56 0,51

Resistance of cross sections

Elastic design

Sections of Class 3 are checked using the following equation:

2 2 2
Ox,Ed OzEd Ox,Ed O0zEd TEd
. + - - . - +3|——] <1(6.1)"
\/<fy/yM0> (fy/VMO) (fy/VMO) (fy/VMO) (fy/)’MO)
*In Eurocode this equation is presented without square root operation. However, the original
form of the equation is used in the program in order to obtain true factor of safety (FOS) and

true safety margin for the section. Further the original notations of equations are presented
according to EN 1993-1-1.

This equation is applied to different points of cross section and stresses are calculated
according to principles of science for strength of materials.
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(o 90 1, G Oy
o T %003 (BvoOi
- o=
U’-’EG
r;«z
o
y_._
(o AY
'\ll Ty
o) 5 lg "
o-rs.'l X

Design checks for points with maximum values for normal and shear stresses and their
combined action are relevant. Results are presented in tabular form.

Ox,Ed Txy,Ed TxzEd tmaxEd | /o, pa? + 374>
fy/Vmo fy/\/§VMO fy/\/§VM0 fy/\/g)’MO fy/Ymo
(6.42) (6.19) (6.19)

Equations (6.19) and (6.42) may be considered as a partial cases of (6.1).

1/V/3 ~ 0.58
Ngg = My ga M, gq
Oxpa(y,2) = — ===z k2L
y Z
Vega Sz2(¥)
sz,Ed(}’) = W (6.20)
y
Vy Ea " Sy(2)
Taypa(2) = —yb(z) 3; (6.20)
VA
_ Tgq
TT.Ed = Wt

— 2 2
Tred,Ed - JTxy,Ed +TXZ,Ed

TMax,Ed — Max (Txy,Edl sz,EdlfT,Elered,Ed)
Ox,ga = Max (01| 03]03|04)
Normal stress o,eq, due to local transverse load, is not considered in this version of the

software. Additional design checks should be performed in zones with local effects from
significant transverse load (for instance, under supports of secondary beams).

If holes are specified, they are always considered in calculation of effective section properties.

For unsymmetrical I sections, shear force Vykq is distributed between top (1) and bottom (2)
flange according to the equations:

I

f1
Vo =V, gy ——
y1 y.E Ifl +If2

I

f2
V=V, gy —22—
.2 y.E Ifl +If2
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Plastic design

Plastic design is performed for sections Class 1 and 2. Elastic design is also performed and the
results are presented for information only. They are not relevant for the final bearing capacity
of the section.

Design checks for uniform tension:

NEa

<1 (6.5)
t,Rd

Tension capacity of the section is determined according to the equation:
A-f,

MO

Npl,Rd = (6-6)

When holes are specified check is performed using the effective section properties.

0.94 .
Ny ra = #‘jf“(m)

Design check for uniform compression:

Ngq

<1(6.9)
c,Rd

Compression capacity of the section is determined according to the equation:

A-f,
> (610)

Nc,Rd =

Reduced bearing capacity for axial force Ny y rq is calculated instead of Ny, zq and N g in case
of design shear force Vgg = 0.5V, zq and reduced yield strength is used for shear area instead

of fy.

(1-p)fy (6:29) , where p = ("Ed - 1)2

VplRd
When torsion is present, factor p is computed with V,,; 7 zrq instead of Vi rq4.

Bending check

Mgq

<1(6.12)
c,Rd

Bending capacity of the section is determined according to the equations:

Wory * fi
My,Rd = Mpl,y,Rd = B2 7 (6-13)

Ymo

Wpiz* i
Mz,Rd = Mpl,z,Rd =2z 7 (6-13)

Ymo
When bending moment and axial force are present, design check is performed according to
equation:

Mgq

<1(631)
N,Rd

Bearing capacity of the section for bending with axial force is determined according to the
equations:

For rectangular section
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plLRd

2
Ngq
My ra = Mpra [1 - (—N > ] (6.32)

For I section

n
My,y,ra = Mpiy,ra 1-05a (6.36)

Forn < a: MN,Z,Rd = Mpl,Z,Rd(6'37)

—_\2
For n > a: My zra = Mpyzra [1 - (=) ] (6.38)

For hollow sections

Myyra = M

1
My z2ra = Mpizra 'T- 054, (6.40)

A — 2bt
f

a, = 1
A—2bt,

af 2

Design check for biaxial bending

M, - \* (M, .. \P
< y’”) +(—Z'Ed> <1 (6.41)

My,Rd Mz,Rd
For I sections a=2,=5n=>1
For circular hollow sections a=2,=2

For rectangular hollow sections o= g = 1.66/(1-1.13n%)

For biaxial bending with axial force M, g4 and M, z, in equation 6.41 are replaced by My , rq
and My , raq, respectively.

Where Vg4 exceeds 50% of V,, rq the design resistance for combined bending with axial force
should be calculated using reduced yield strength

(1 —=p)fy (6.29) for the shear area,

2
2V,

where p = ( Ed _ 1)
pL,LRd

If torsion moment is present, the p factor is calculated with Vy,; 1 gq instead of Vy; pg-

Shear force check

Vea

<1(6.17)
c,Rd

Bearing capacity of the section for shear is determined by the following formulas:
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Apy " fy
V. Rd = v LyRd = = (6.18)
y pLy \/§VM0

Ay 'fy

Vz,Rd = Vpl,z,Rd = \/§y (6-18)
MO

Shear area Ay, is calculated according to 6.2.6 (3).

When shear force and torsion moment are present check is performed according to the
following formulas:
VEa

<1(6.25)
plL,T,Rd
For I section
Tt Ed
|74 I,T,Rd = 1-— - % LLRd (626)
P 1.25(f,/V3)/ Ym0
For U section
TtEd Tw,Ed
Vorrra =| [1- ' - ' Vpi,ra (6.27)
p 1.25(f,/V3)/ vymo  (fy/¥3)/ ¥mo ?
For hollow sections
Tt Ed
V. IT,Rd = <1 - - ) V LLRd (628)
P 1.25(f,/V3)/ Ymo) "

Torsion check

Tgq
— < 1(6.2
7= (6.23)

Rd
Torsion capacity of the section is determined by the following formula:
Wy 'fy
Tra =
Ymo

Results from design checks are presented in tabular form.

Nga | Nura | Myra | Mzra | Vzra | Vyra | Trg My ra
©65) | 67 | 612) | (6.12) | (6.17) | (6.17) | (6.23) 6.12)
69 | - | (631 | (631) | (625) | (625) | - (6.31)

Nea | Npa | Mypa | Mzga | Vaga | Yyea | Tea (My,Ed>“+<MZ,Ed>B
Mz,Rd
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Buckling design of members

Uniform members in compression
Compression members are designed for buckling as follows:

Nga

<1 (6.47)
b,Rd

XAfy

M1

Nb,Rd = (64‘8)

x= < 1(6.49)

oz 22
® =0.5[1+a(1-02)+ 2%

_ A n?EA l I
A:/ﬁ;Ncrz 2 :/1=eff;r=\/:
N A r A

Factor a considers initial imperfections. It is provided in Table 6.1 for the respective buckling
curves depending on cross section type

Buckling curve ao a b C d
Imperfection factor|0.13{0.21[0.34|0.49|0.76

Verification is performed for both main axis with relevant section properties and effective
lengths for the respective support conditions. Effective length | in Steel Expert is defined

N\, 7

either as L*u, or as L, (depending on user selection) for buckling about “y” axis and either as
L*uz or as Lz for buckling about “z” axis (Ly and Lz are distances between lateral restraints).

In current version of the program no check for torsional-flexural buckling under uniform
compression is performed.

Buckling curve is chosen from Table 6.2 depending on section type and steel class.
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Table 6.2 Selection of buckling curve for a cross-section

Buckling curve

Buckling | §235
Cross section Limts about $ 275
axis S 355 S 460
5420
s z V- a apg
| e t: = 40 mm :
O | — z—z b ag
w E 7 — N\
£ - = | 40mm<t<100 [ V7Y ';
2 h| vy 1 y
B ¥y a
E’ I oy tr< 100 mm 77 c a
— | W
! '2 7 — %
z = t= 100 mm ¥y d ¢
LI i
" L itf ! :ﬂf tr< 40 mm y=y
- & i i z—2 c c
3.2
G Tg; - Y Ty
= A | ] te> 40 mm ¥y < ¢
e £ z—Z d d
i Z
_— hot finished any a ap
s .2
23
-7 cold formed any c c
1Z s
5 (— : generally (e:imept as any b b
g . ‘ below)
= = H
B2 h| v - i y
_ 9 .
o R | t, thick welds: a > 0,5t;
o - | b/ty< 30 any C c
- z hity <30
25 | \
@ 2 N
2 é — _a.\:\%__ any c c
=% . N
; - any b b
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Uniform members in bending

Mgq

< 1(6.54)
b,Rd

xirWy fy
My ga = y—” (6.55)

M1

W, = W, for sections class 1 and 2 and W, = W, ,, for sections class 3.

1
XL = —
D1+ "CD%T - Ar

CDLT = 05[1 + aLT(A_LT - 02) + A_%T]

<1 (6.56)

A= W)’fy
T Mer
n2El, kN\*I, (kL)2GI, 2
Mcr = Clm (E) E + TL'Z—EIZ + (CZZg - C3Zj) - (Cng - C3Zj)

Factor K depends on support conditions against member rotation at supports around vertical
axis and is selected to be 0.5 for both ends fixed, 0.7 for one fixed and one hinged and 1.0 for
both ends hinged.

Length L is defined in Steel Expert as “Lateral restraints spacing” Lb.

Factors C;, C, and Cs are given in a tabular form depending on the type of transverse load
(shape of M diagram) and the K factor.

Factor ky accounts for possibility for rotation at member ends. It is accepted to be equal to 1.0
conservatively.

Zg

selected to be: bottom flange (favorable), top flange (unfavorable) and neutral (z; = 0).

=z, — Zs is the height between loading point and shear center. Loading point can be

_ J, % +2%)zdA

Zj Zg
21,

The oyt factor accounts for initial imperfections. It is defined in Table 6.3 for the respective
lateral-torsional buckling curves, depending on the type of cross section.

Buckling curve a b C d

Imperfection factor o r|0.21/0.3410.49|0.76

Members in bending with axial compression

Members which are subjected to combined bending and axial compression should satisfy:

Ngq My gq M, gq
+k : k - <1(6.61)
XyNRk/VM1 Y XLTMy,Rk/VM1 e Mz,Rk/VM1
N M. M
Ed v,Ed z,Ed <1(6.62)

+k
XzNri/Ym1 i XLTMy,Rk/VM1 “ Mz,Rk/VM1
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Ny = Afy

My, gk = Wy, f, — for sections of class 1 and 2

My, gk = Wy fy — for sections of class 3

M, gy = Wy, .f,, — for sections of class 1 and 2

My g = Wel,zfy — for sections of class 3

Interaction factors kyy, kyz, kzy v kzz are defined in Table B1 and table B2 in Annex B of EN

1993-1-1.

Table B1. Interaction factors for members, not susceptible to torsional deformations

Interaction Type of - - De_s 190 assumption . -
factors sections elastic cross-sectional properties plastic cross-sectional properties
' ' class 3, class 4 class 1, class 2
C'm}{1+0.6l}-_7m] C'm}.{1+{1}.—0.1]_7ﬁ]
k. I-sections XN /N XNz ' Tan
¥ RHS-sections ( N ( T 3
<C,|1+06——E gcm[1+o.3_‘—f’=J
Y XyNre /N A XyNr: /Y
I-sections
ke RHS-sections ke 0.6k
I-sections
ey RHS-sections 0.8 kyy 0.6 Ky
f _ \ N
cl1+(r, —06—B
: X=Ng ' Yan
I-sections ’
, o Ny ) <c [1e14— m
Cox| 1+0.62 WJ = XL:Nex ' Tra
kzz z- "Fk 1
- ( NEd ) N A
<C,.| 1+0-‘5‘q7J c |1+ —02)—m
\ LN/ T = ' *.Ne /Yo
RHS-sections I\'z
= E'm(l + D.Sr—f‘i]
X=Ng /Yo
For I- and H-sections and rectangular hollow sections under axial compression and unmaxial bendmg M, s
the coefficient k_ may be k_ =0
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Table B2. Interaction factors for elements, susceptible to torsion deformations

Interaction Design assumptions
factors elastic cross-sectional properties plastic cross-sectional properties
' class 3, class 4 class 1, class 2
Ky k.. from Table B.1 k. from Table B.1
k= k.- from Table B.1 k.- from Table B.1
|___ 005, Ny, {1 0l Ng, }
(C_r —0.25) %Ny /an (Cozr —0.25) %Nz /Yo
.1 0.05 N, N {1 ol N }
Tl (€ —025)1,Ng /g (Cazr —0.25) . Na / Yan
for A <0.4:
_ 1A, N
k_ =0.6+R, <1-— 1 i
) (Coir —0.25) X Ngi / Yan
om Table B.1 rom Table B.1
k., k. fr bl k, fi bl

For members not susceptible to torsional deformations flexural form of buckling will occur. For
those susceptible to torsional deformations torsional-flexural buckling will occur. Members not
susceptible to torsional deformations are assumed to be those with y; = 1.

Equivalent uniform moment factors Cmy, Cmz 1 Cmi1 are defined in Table B3 depending on the

diagram type between points of lateral restraints:

Factor Bending axis Points braced in |Steel Expert Notations

direction
Cmy y-y z-z Distance between restraints: Ly
Cmz z-z y-y Distance between restraints: Lz
CmLT y-y y-y Distance between restraints: Lb

Table B3. Equivalent uniform moment factors Cmy, Cmz ¥ Cmt

) Cry, Cimz 1 Cry .y under loading
Moment Diagram Range —
Distributed Concentrated
M e yM -l<y<1 0,6 +0.4y>0,4
M M
) My YWl g<gg<r | cI<y<1| 02+08ag>04 0,2+ 0.8as> 0,4
\ N (P M,
. 5 0<y<l 0,1 —0.8 as>0,4 —0.805>0,4
-1 < Og <0
o, = M/M, -1<y<0(0,1(1-y)—08as>04| 0,2(-y)—0.8 ag>04
(M, 0<op<l |-1<y<1 0,95 + 0,05 ap, 0,90 + 0,10 ay,
0<y<l1 0,95 + 0,05 ap, 0,90 + 0,10 ay,
o, = M,/M, -1 <y <0 | 0,95+0,05ap(1 +2vy) 0,90 - 0,10 ap(1 + 2w)
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Local buckling resistance of beam webs
Check is preformed for I and C sections according to EN 1993-1-5 using the following formula:

v
Ed <1 (5.10)
b,Rd

thwsfy T]hwsfy
Vora = Vow,ra = < (5.1),(5.2)
" \/§VM1 \/§VM1

Webs can be stiffened with transverse ribs or not stiffened. Contribution of flanges is neglected

conservatively.
Factor y,, is defined in Table 5.1 for rigid end posts.

0,83
Xw =n—3al, <T

0,83 083 _
Xw == ——3a <, <108
Ay
L37 1, >1,08
=—————3a =1,
=07+, w

Slenderness parameter /TW is defined by the following formulas:
- When the web is not stiffened

1, = oy 5.5
W_86,4se(')

ST
-

When the web is stiffened with transverse ribs

Ay =—"—(56
" 37.455\/171( )

Shear buckling factor is defined according to Annex A.3.

4,00
5,34 + — - 3aa =1
a

k, = (A.5)

53
400+ —3aa<1
a
a=a/hw ; hw=h-t-t - height of the web; a - spacing between ribs

s — Web thickness

Results are displayed in tabular form

NEd NEd My,Ed Vz,Ed
1 (0] o

Nvyra | Npzra | Mpra | Vowra | (6.61) | (6.62)
(6.46) | (6.46) | (6.54) | (5.10)*

Page 30 of 45



NS
Steel Expert EC v 2.0/2010

NPOEKTCO®T Design of steel elements

Examples to EN 1993 1-1:2005

Example 1.

Find the cross section capacity of hot rolled IPE 300 section loaded with design axial force Ngq
= 300 kN and design bending moment My gq = 120 KN.m

Design checks using Steel Expert

Proektsoft - Steel Expert EC 2.0/2010

Steel Element Design To Eurocode 3

Project: Example 5.1 Element:
Building: Author/Date:
Client: Checked By:
Input Data
Steel 5235 - t <40 - fy = 235 MPa Yo = 1,05 Ypqy = 1,05 Yz = 1,25
Section Dimensions And Properties - IPE 300 - I-SECTION
h tw b tF b2 tF2
FR (mm] | tmm] | [mm] | [mm] | [mm] | [mm]
200,0 7.1 | 1E50,0 10,7 | 150,0 10,7
w=Hhb=7 1
i s A Az Ay
[mm] mm] | [em®] | [em?] | [cm?]
15,0 53,8 | 25,7 | 321
hesoo Yo pIE
0 = I',r Iz WEI,',r Wel,z Wpl,',r Wpl,z
! lem*] | [em*] | [em®] | [em®] | [em®] | [cm?]
B356,1 | 603,8 | 557,1 80,5 | 628,4 | 125,2
=107 r, r, c, c, I, W,
L % [em] [em] | [em] | [em] | [ecm®*] | [cm?]
[P T, S— 12,5 3,3 15,0 7,5 19,9 18,4

Buckling Lengths
About axis "y" - L_g v = 0,0em

About axis "z" - L = 0,0cm

aff,z

LT buckling - Lo p = 0.0cm

Lateral-Torsional Buckling

Load position - Top flange
Load Type - Uniformly distributed
Web stiffeners at 0,0cm

oosodossodbosodoossdooredeossdooredbosodborods

ol

¢‘¢#¢-¢¢¢¢-¢-¢¢¢4-#¢¢¢$0¢¢-¢Q‘#—é*&0¢#¢¢‘O$¢¢0040¢¢¢$6¢0 — -t

Internal Forces

4000

Case | Neg [kN] | M_ ¢y [kNm] | M, ., [kN]

V, cq [kN]

V, £y [kN]

Tpy [kNm]

1 350,0 120,0

0,0

0,0

0,0

0,0
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Design Results

Section Classification

Compression | Bending
Web Class 2 | Class 1
Flange Class 1 | Class 1

Section Elastic Design To Eq (6.1.)

2 2y1f2
Case Cr><,En:| Tx:',r,Ed sz,Ed Tmax,Ed {ﬂx,Ed + BTEd :I :
1 280,5 0,0 0,0 0,0 258,606
2 2y1/2
Case T Ed Ty Ed Tz Ed T nase Ed {ax,Ed + 31y )
f-,-f'?'MD D.Eef,rjj'mn 0.581",',!}'”0 D.Sﬂf,r,f')'m f-,'f?h-'ll:l
1 1,25 0,00 0,00 0,00 1,16
Section Plastic Design For Class 1 Or 2
2 [(23(= (2)(=2 (1 (1
Case NRd‘ : Nu,Rd M',rfRd‘ = szRd‘ = szRd‘ : 1""Ir'..rth:l‘ : TRd
(6.6)(5.10) | (6.7) | (6.13) (6.13) (6.18) | (6.18)
1 1204,4 | 1394,8 125,0 28,0 331,9 414,8 2,4
Neg | Meg | Myed | Maed | Vaed | Vied | Ted Myea * Meed
case | Nrd | Nurd | Myrd | Mard | Vzra | Vird | Trd Muyrd  Muzrd
(6.5) | (6.7) | (6.12) | (6.12) | (6.17) | (6.17) | (6.23) | (6.12)
(6.9) | - (6.31) | (6.31) | (6.25) | (6.25) | - (6.21)
1 0,29 0,25 0,96 0,00 0,00 0,00 0,00 0,92

(1) Reduced values Vo qg 8re calculated to eq. (6.28) - (6.28) in case of shear combined with torsion Ted

(2} Reduced values N\,f.ﬂda”'j M, pg 2re calculated to eqg. (6.29) in case of axial load or bending combined with shear Veg

(3} Reduced values My g @re calculated to eqg. (6.32) - (6.40) in case of bending combined with axial load N,
v

Manual checks

Mpl,y,Rd =

Wpiy*fy _ 628235

= 14055 kNcm = 140,55 kNm

Ymo 1,05
N _ A-f, _ 53,8-23,5 — 1204 kN
pLRA = 1,05
Ngga 350
n e = T0a 0,291
a:A—thf _ 53,8—2-15-1,07:0403
A 53,8 ’
1—n 1-0,291
My yra = Mpiy Rra 1-05a = 140,55—1 ~0.5-0403 = 1248 kNm
Mgy 120
Mr ra =518 " 096<1

Page 32 of 45



NS
Steel Expert EC v 2.0/2010
NPOEKTCO®T Design of steel elements

Example 2.

Verify bearing capacity of an IPE 400 section. Steel is S235 with fy = 23,5 kN/cm?, ymo = 1,05.
Section is class 1. Design forces: My gg = 240 KkNm; Ngg = 96 kN; Vgqg = 315 kN

Design checks using Steel Expert

Proektsoft - Steel Expert EC 2.0/2010

Steel Element Design To Eurocode 3

Project: Example 5.2 Element:
Building: Author/Date:
Client: Checked By:
Input Data
Steel 5235 2.2 i3. t < 40 - fy = 235 MPa Yy = 1,05 Ypy; = 1,05 Yy = 1,25
Section Dimensions And Properties - 00 - I-SECTION
h t-.-'.r b 1:F b2 tFZ
T e [mm] [mm] [mm] [mm] | [mm] [mm]
400,0 8,6 180,0 13,5 180,0 13,5
=tbw=0F
r o A A Avv
[mm] Imm] | [em®] | [em?] | [em?]
C 21,0 84,5 42,7 48,6
h=400 -
—E > I',r Iz IIII'I"IIEI,',.r IIII'I"Ilel,z IIII'I"II|:||,',.r IIl|'I"II|:||,Z
[em*] [em®*] | [em?®] | [em?®] | [em®] | [cm?]
23128,4 | 1317,8 | 1156,4 | 146,4 | 1207,1 | 229,0
=135 r, r, C, c, I, W,
| Jr— — :I: [cm] [cm] [cm] lem] | [em*] | [em3]
jma——b=180——m={ 16,5 3,9 20,0 9.0 50,5 37,3
Buckling Lengths Lateral-Torsional Buckling
About axis "y" - Lofr,, = 0,0Cm Load position - Top flange
About axis "z" - L_g _ = 0,0cm Load Type - Uniformly distributed
LT buckling - LeFF,b = 0,0cm Web stiffeners at 0,0cm
i
- — X
HEEEENINEENENISEEEENEENENENNNEEESE NN NN NN EEEE 1
. z
Internal Forces
Case | Ngy [kn] M, eq [kNm] | M_ oy [kNT | W gy [kN] V. ed [kN] | Tgy [kNm]
1 26,0 240,0 0,0 315,0 0,0 0,0
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Design Results

Section Classification

Compression | Bending
Web Class 3 | Class 1
Flange Class 1 | Class 1

Section Elastic Design To Eq (6.1.)

2 231/2
Case | Y, gd Tx',r,Ed TwzEd | "max.Ed {Ux,Ed < 3TEd )

1 218,90 o,0 | o981 08,1 205,8
i

Case Cr>c,Eu:| T>c',r,Ed sz,Ed T|'|'|E|>c,Eu:| {"F’[x,Ed2 > 3TEn:Iz}L *
f,’j",-m D.SBF?J’",-MD D.Saf?fﬂ,-m D.Saf?fﬂ,'m f,_JyMD

1 0,08 0,00 0,76 0,76 0,02

Section Plastic Design For Class 1 Or 2
(2 (2)(= [(2)(= (1 (1

Case Npg" ) Ny, rd MR 1= M. ra' )= Vo rd' :I VyRd ) Tey
(6.6)(6.10) | (6.7) (6.13) (6.13) (6.18) | (6.18)

1 1871,1 | 2189,3 291.2 51,2 551,7 628,0 4,8
Neg Neg Moed | Moed | Vored | Yyed | Ted M, Ed °'+ M, eg P

Case NR-:I Nu,Rd M',r,Ru:I Mz,Rd 1"'I'z,Ftu:I v',r,Ru:I TRd MN',',RI:I MNZJRI:I
(6.5) | (6.7) | (6.12) | (6.12) | (6.17) | (6.17) | (6.23) | (6.12)
(6.9) | - (6.31) | (6.31) | (6.25) | (6.25) | - (6.31)

1 0,05 | 0,04 0,82 0,00 0,57 0,00 0,00 0,68

1) peduced values Vo pg @r€ calculated to eq. (6.26) - (6.28) in case of shear combined with torsion Teq
[2) peduced values N\.‘.Hda”d M, gg 8re calculated to eg. (6.29) in case of axial load or bending combined with shear Veg

12} peduced values My rg 278 calculated to eq. (6.32) - (6.40) in caze of bending combined with axial load Mey
(v}
Manual checks
v _ Awfy 427-235
L, z,Rd — -
p \/§YMO \/§ " 1,05

_(2Vea 2_(2-315 1)2_002
P = Vi ~\551,75 Bhe

A—pA,, . 845—0,02-427

= 551,75 kN; Vg = 315kN > 0.5V, pq = 275,8 kN

Npiv,ra = e DT 105 23,5 = 1872 kN
2
Mpiy yra = Wiy — pshw /4fy _ 13071 0,02-086 37.3°/% ) o _ 9120 kem = 291,2 kNm
Ymo 1,05
= —ee_ 9 0513 4 =A—_2btf(1—p) _845-2-18"135 1 102) = 0,416
" Npiyga 1872 0 W A 84,5 ’ ’
1-n, 1-0,0513

MNV,y,Rd = Mpl.V,y,Rdm = 291,2T0,4’16 = 348,8 kNm > Mpl,V,y,Rd =291,2 kNm

Mg 240

= =082<1
My yyra 2912
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Example 3.

Find the bearing capacity for the welded I section, presented on the figure, steel class S235.

Design forces: My gq = 405 kN.m; Veg = 338 kN

Design checks using Steel Expert

Proektsoft - Steel Expert EC 2.0/2010

Steel Element Design To Eurocode 3

Project: Example 5.3 Element:
Building: Author/Date:
Client: Checked By:
Input Data
Steel 5235 &&.2 id. t <40 - fy = 235 MPa Yo = 1,05 Ypgq = 1,05 Yz = 1,25
Section Dimensions And Properties - 28 - I-SECTION
h t-r.r b tF b2 tF2
T | [mm] [mm] [mm] Imm] | [mm] [mm]
r=Habiy=10 428,0 10,0 280,0 14,0 280,0 14,0
r s A Az Ay
[mm] [mm] [em?] | [em3] | [cm?]
1184 48,0 78,4
h=428 o4t
0 7 I? Iz UUELV elz IIl“"II|:||,',.r IIl“"II|:||,Z
' lem*] | [em*] | [em®] | [em®] | [em®] | [cm®]
38939,8 | 5125,5 | 1819,6 | 3266,1 | 2022,9 | 558,8
tf=14 r, r, c, c, I, W,
1o | :I: [cm] [cm] [cm] [cm] [cm#] [em®]
fn b=280 =] 18,1 5,6 21,4 14,0 64,1 42,6

Buckling Lengths
About axis "y" - LeFF,-,r = 0,0cm

About axis "z" - L.g . = 0.0cm

LT buckling - L_g . = 0,0cm

Lateral-Torsional Buckling
Load position - Top flange

Web stiffeners at 0,0cm

Load Type - Uniformly distributed

&O00

Internal Forces

Case | Mgy [kN] M-,r,Ed [kNm] M. Eq [kN] V. Ed [kM]

V. Ed [kM1

Tea

[kMNm]

1 0,0 405,0

0,0 338,0

0,0

0,0
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Design Results

Section Classification

Compression | Bending
Web Class 3 | Class 1

Flange Class 2 | Class 2

Section Elastic Design To Eq (6.1.)

z 241/2
Case L:r><:,En:| Tx:',r,Ed sz,Ed T|'|'|a>c,En:| {Ux,Ed + BTEd ]I '
1 222,6 0,0 87,8 87,8 241,1
2 241/2
Case 0 Ed Ty Ed Tz Ed Tnas, Ed I::':rx:,E-:I + BTE:I )"
F,r,f'yMD D.EEF?!}'MD D.Eaf,r,f)'m D.Sef,r,f“}'mn f-,ﬂ"'?'mn
1 0,99 0,00 0,68 0,68 1,08
Section Plastic Design For Class 1 Or 2
[2 (2= (233 (1 (1
Case Neg' : Nurd | My ra' ) M. ra' )= Vo rd' ) Vyrd' ) Tra
(6.6)(6.10) | (6.7) | (6.13) (6.13) (6.18) | (6.18)
1 2641,2 0,0 452,0 125,0 620,2 1013,1 5,5
NEd NEd M'.-’fEd MZfEd 1I"Irz,Ed 1I"'r'..r,Ed TE-:I M',',Ed cx.+ r""Illz,Ed B
case | Mrd | Murd | Myrd | Mara | Vard | Yyrd | Thd Muyrd  Muzrd
(6.5) | (6.7) | (6.12) | (6.12) | (6.17) | (6.17) | (6.23) | (6.12)
(6.9) | - (6.31) | (6.31) | (6.25) | (6.25) | - (6.31)
1 0,00 0,00 0,90 0,00 0,54 0,00 0,00 0,80

(1) Reduced values Vo pg @re calculated to eq. (6.26) - (6.28) in case of shear combined with torsion Ted
(2} Reduced values My ggand M., o, are calculated to eq. (5.29) in case of axial load or bending combined with shear WV,

12} Reduced values fv1|.‘“-,\u,}th:| are calculated to eq. (6.32) - (6.40) in case of bending combined with axial load Meg
Manual checks
Ay, =1n+h, s=12-40-10 = 48cm?
Woiy *fy _ 2022,9-235
Ymo 1,05

Ay, f, 48235

Vplsz = =
2R By V31,05

2Vea 2 (2-338 1>2  0.00805
~\620,2 e

Mpyy ra = = 45274 kNcm = 452,74 kNm

= 620,2 kN

Vea = 338 kN > 0.5V, g = 310,1kN; p = (V
pL,LRd

Wiy — pshwz/4f _2022,9 - 0.00809 - 1,0 - 402/4
¥Ymo Yo 1,05

Mgq 405

Mpiyyra 452

My1v yrd = 23,5 =45202 kNcm = 452 kNm

=090>1
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NPOEKTCO®T Design of steel elements

Example 4.

Design an axially loaded column, with 6m length, loaded with force Ngg = 840 kN. Cross
section is hot rolled circular hollow section with D = 219 mm and t = 7 mm, steel S235]R.

The column is fixed at bottom and hinged at top, Les = 0,7*¥600 = 420 cm.

Design checks using Steel Expert

Proektsoft - Steel Expert EC 2.0/2010

Steel Element Design To Eurocode 3

Project: Example 6.1 Element:
Building: Author/Date:
Client: Checked By:
Input Data
Steel 5235 &&.218. t < 40 - fy = 235 MPa Yyg = 1,05 Ypqq = 1,05 gz = 1,25
Section Dimensions And Properties - 219x7 - CIRCULAR TUBE
d t
[mm] [mm]
219,0 7,0
A JI!!l'..rz ﬁhvv
[em?] | [em?] | [em?3]
46,6 29,7 29,7
=T I'.-' L WEI-"!" el.z wplf'f wplfz
[em®*] | [em*] | [em3®] | [em®] | [em®] | [ecm?]
2622,0 | 2622,0 | 239,5 | 239,5 | 2517,8 | 2517.8
My r, c, C'; L W,
[cm] [cm] [cm] [cm] [em®] [cm3]
e d=21% =] 7.5 7.5 11,0 11,0 | 5244,1 478,9

Buckling Lengths

About axis "y" - LeFF,-,r = 420,0cm
About axis "z" - LeFF,z = 420,0cm

LT buckling - L_g , = 600,0cm

Lateral-Torsional Buckling

Load position - Top flange

Load Type - Uniformly distributed
Web stiffeners at 0,0cm

Internal Forces

E00D

Case | Ngy [kN] | M., [kNm]

M, g4 [kN]

V, cq [KN]

V, 4 [N]

Tpy [kNm]

1 -840,0 0,0

0,0

0,0

0,0

0,0
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Design Results

Section Classification

Compression | Bending
Web Class 1 | Class 1
Flange Class 1 | Class 1

Element Design

'}I",r "ﬁ‘z I‘I'I'LT "ﬁ'l.-'.r :":',r :":z :":LT :":l.-'.r k',r',r k',rz kz-,r kzz

0,60 | 0,60 | O,00 )| 000 )| 0,89 (0,89 | 1,00 (1,20 | 1,29 | O,88 | 0,77 | 1,46

Niyrd | Nozrd | Mbrd | Vbwrd
(6.47) | (6.47) | (6.55) | (5.2)"

9z0,1 | 920,1 | 563,5 383,5

= Ed

N N M

Ed Ed v.Ed

case | W =~ Mf’ v To Eg. | To Eq.
by.Rd bz, Fd b.Rd bw.Rd (6.61) | (6.62)
(6.46) | (6.46) | (6.54) | (5.10)"

1 0,90 0,90 0,00 0,00 0,90 0,90

*according to EN1993-1-5

Ngg My 54 M. k4
—_—+k,, ———+ k., ———— =1 (661
XyNre/Yir 7 XetMyrie/Van 7 Mapec/Va 661

XzNri/ Va1 Ty LTM:.;.RL:.I'r Yma = M rae/ Yoz

Desian checks are satisfied: K = 0.90
Manual checks

2622 _75 . Leyy _ 420 Cce N m?EA _m*-21000-46,6 3021 kN
466 0 AT e =712 562 -
fy 04235 _ 060; buckli 0,21
— - =
Cr 3021 uckling curve: a a=

®=05[1+a(1-02)+2%]=05-[1+0,21-(0,60—0,2) +0,60?] = 0,722
1 1
¥ = — = =089<1
O+ P2 -2 0,722 +,/0,722%2 - 0,602

XAfy _0,89-46,6-23,5

PRy 1,05
Ny, 840
=——=090<1
Nora 928
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Example 5.

Check the resistance of an 8m long column, loaded with axial force Ngg = 3025 kN, cross
section is hot-rolled HE360B, steel is S235]R.

Buckling lengths are L, = 0,7-800 = 560 cm, Lery, = 0,5-800 = 400 cm.

Design checks using Steel Expert

Proektsoft - Steel Expert EC 2.0/2010

Steel Element Design To Eurocode 3

Project: Example 6.2 Element:
Building: Author/Date:
Client: Checked By:
Input Data
Steel 5235 8&.2 1. t < 40 - fy = 235 MPa Yo = 1,05 ¥y = 1,05 Yz = 1,25
Section Dimensions And Properties - HE 3560 B - [-SECTION
h t-.-'.r b tF b2 tFZ
T | [mm] Imm] [mm] [mm] | [mm] [mm]
h 2 360,0 12,5 | 300,0 | 22,5 | 3200,0 22,5
=125 r r, A — Av-,r
[mm] [mm] [em?] [em2] | [emZ]
w C 27,0 180,6 20,6 135,0
h=350 oq
b I'f L ely el.z Wplr'.-' Wplrz
' [cm?] [cm?] [em®] | [em3®] | [em®] | [em3]
43193,5 | 10141,2 | 2399,5 | 676,1 | 2683,0 | 1032,5
=225
V. y . c ¢, |k W,
1 | :ﬁ [cm] [cm] [cm] [em] | [em*] | [em?]
- b=300 b 15,5 7,5 18,0 15,0 | 300,5 127,9
Buckling Lengths Lateral-Torsional Buckling
About axis "y" - L., = 560,0cm Load position - Top flange
About axis "z" - L_g . = 400,0cm Load Type - Uniformly distributed
LT buckling - LeFF,b = 0,0cm Web stiffeners at 0,0cm
z
......... ' UIRUUY WUUEURDY WEVEVEEY VEUVEVIUY SUUNIRURE: WERURDY WUVEVEEY WUVEVERY SURR et
b o B H o
1 T
000 7
Internal Forces
Case | Ngy [kM] M, cq [kNm] | M_ o, [kN] |V o, [kN] V, ed [kN] | Ty [knm]
1 -3025,0 0,0 0,0 0,0 0,0 0,0
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Design Results

Section Classification

Compression | Bending
Web Class 1 | Class 1
Flange Class 1 | Class 1
Element Design
"ﬁ",r "ﬁ‘z I‘I."LT 'h".-'.r x',r :l'iz :':LT :l':'.-'.r k',r',r k',rz kz',r kzz
0,32 | 0,57 | 0,00 | 0,29 | 0,93 | 0,80 | 1,00 | 1,20 | 1,09 | 0,72 | 0,65 | 1,20
Npyrd | Mbzrd | Mbrd | Vbwrd
(6.47) | (6.47) | (6.55) | (5.2)"
3766,8 | 3250,1 600,5 610,5
Neg Neg Mogd | Vard toEa | ToE
Case | N N M % © 4.1 1959
by.Rd bz.Rd b.Rd bw.Rd (6.61) | (6.62)
(6.46) | (6.46) | (6.54) | (5.10)"
1 0,80 0,93 0,00 0,00 0,80 0,93
*according to EN1993-1-5
N M, M
Ed - y.Ed - =Ed 1 (6.61)
Xy Neae /Y2 XLtMy rie/ Yo M, gk [Yma
N M., M
Ed - v.Ed _ 2B 4 (6.62)
XzNri/ Va1 X LTM:.,-. R/ Ya1 M raed Van

Design checks are satisfied: K = 0,93

Manual checks

A legr.z _ 400 _ 5333 N. — m?EA _ m*-21000-180,6 3161 KN
Toro T7s T e T 5333
i= [y [1896°235 oo M o 12 bucki 0,49
B ~ | 13161 r T c - a=
N¢y 13161 ’ " b ,4 buckling curve: ¢ a ,

®=05[1+a(1-02)+2%] =05-[1+0,49- (0,568 — 0,2) + 0,568%] = 0,753

1 1
xX= — = =0,802< 1
®++/d2—-12 0,753 40,7532 — 0,5682
xAf,  0,802-180,6-23,5
Npra = = = 3240 kN
PRET v 1,05
Ngg 3025
= = 1
Npra 3240 093 <
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Example 6.

Find the bearing capacity of the column from Example 5, in case it is made from the given

built-up section and steel S275.

Design checks using Steel Expert

Proektsoft - Steel Expert EC 2.0/2010

Steel Element Design To Eurocode 3

Project: Example 6.3 Element:
Building: Author/Date:
Client: Checked By:
Input Data
Steel 5275 &&.2 id. t < 40 - fy = 275 MPa Yy = 1,05 Ypgy = 1,05 Yz = 1,25
Section Dimensions And Properties - 00 - I-SECTION
h t b t b, Lo
T | [mm] [mm] [mm] [mm] | [mm] [mm]
400,0 12,0 340,0 25,0 340,0 25,0
= peby=12
r o iy A Aw
[mm] [mm] [em®] | [em?] | [cm?]
212,0 50,4 | 170,0
h=400 oMt
; 7 I',r Iz IIlI'l"llelr',.r wel,z IIl“"II|:||,',.r IIlI'l"ll|:||,z
[cm?] [cm*] [em®] | [em?] | [em?®] | [em?]
04141,7 | 16381,7 | 3207,1 | 963,06 | 3555,0 | 1457.6
=25
r r, = o L W,
T | | :I: [cm] [cm] [cm] [cm] [em*] [em=]
e b=340 =] 17,4 8,8 20,0 17,0 363,0 140,32
Buckling Lengths Lateral-Torsional Buckling
About axis "y" - L, = 560,0cm Load position - Top flange
About axis "z" - L . = 400,0cm Load Type - Uniformly distributed
LT buckling - Logs p = 0,0em Web stiffeners at 0,0cm
z
.........  SUUUOUL. SUCUUUUNS NULIIULY NIUIIIDY: SISIIONS SUUIIIUE SUSOUIILE SOUUIIY Nt 4
| er
8000 z
Internal Forces
Case | Ngg [kN] M, 4 [(kNm] | M_ gy [kNT | V_ gy [kN] V. ed [kNT | Ty [kNm]
1 -3025,0 0,0 0,0 0,0 0,0 0,0
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Design Results

Section Classification

Compression | Bending
Web Class 1 | Class 1
Flange Class 1 | Class 1
Element Design
"ﬁ",r "ﬁ‘z I‘I."LT 'h‘l.-'.r x',r :l':z :':LT :':l.-'.r k',r',r k',rz kz',r kzz
o3y | 052 ) 000|037 0094|083 100 1,20 1,04 )| 0,74 | 0,63 | 1,23
Neyrd | Nozrd | Mbrd | Vbwrd
(6.47) | (6.47) | (6.55) | (5.2)"
5205,3 | 4605,1 9311 62,1
N N M. v
- NEd NEd M,r,Ed Vz,Ed Jo Eg. | To Eq.
Zis by.Rd bz.Rd b.Rd bw. R.d (6.61) (6.62)
(6.46) | (6.46) | (6.54) | (5.10)7
1 0,58 0,56 0,00 0,00 0,58 0,56
*according to EN1993-1-5
N M,, M
__ "Ed r}_}_!f—-Ed ﬂi <1 (6.61)
Xy Nea Y2 XLtMy ric/ Vs M, re (Y1
N M, M
Ed - wEd . 24 4 (6.62)
Xz Nri/ Va1 XMy R/ Yaa M. rae/ Var

Design checks are satisfied: K = 0,66

Manual checks

A, =

1= Aly =
Ner

leff,z

r 8,

400
= — = 4545; N, =

m2EA 3 72 -21000- 212

8 A2

21271

212-27,5
————— = 0,524; buckling curve:c - a = 0,49

45,452

= 21271 kN

®=05[1+a(1-02)+2%] =05-[1+0,49- (0,524 —0,2) + 0,524%] = 0,717

1 1
xX= — = =0,829<1
®+Jd2 -2 0,717 ++/0,7172 — 0,5242
xAf, 0829-212-275
Npra = = = 4602 kN
PR Y 1,05
Ngg 3025
=——=066<1
Npra 4602
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Example 7.

Design an 1.9 m long diagonal lattice column bracing, loaded with axial force 210 KN, with

single L100x10 angle section to EN10056-1, steel S235]R.

Calculations using Steel Expert

Proektsoft - Steel Expert EC 2.0/2010

Steel Element Design To Eurocode 3

Project: Example 6.4 Element:
Building: Author/Date:
Client: Checked By:
Input Data
Steel 5235 g&.2 1d. t <40 - fy = 235 MPa g = 1,05 Yy = 1,05 Yz = 1,25
Section Dimensions And Properties - L100x100x10 - ANGLE
h tl.-.r b tF
T [mm] | [mm] | [mm] | [mm]
100,0 10,0 | 100,0 10,0
r, My iy A A
Imm] | [mm] | [cm?] | [em?] | [cm?]
12,0 5,0 19,2 10,0 10,0
h=100
I',r Iz IIlI'I"IIEI,',.r IIl|'I"Ilel,z IIII'I"II|:||,',.r IIlI'I"II|:||,Z
. [cm*] | [em*] | [cm?] | [em3] | [em®] | [em?]
[ 176,7 | 176,7 | 24,6 | 24,6 | 50,4 | 50,4
L 'z tF=10
M r. c, C-,, L W,
i \\ [em] | [em] | [em] | [em] | [ecm?] | [cm?]
fe b=100 =] 3,0 3,0 2,8 2,8 7,2 4,3

Buckling Lengths
About axis "y" - LeFF,-,r = 190,0cm

About axis "z" - L = 190,0cm

aff.z

Lateral-Torsional Buckling
Load position - Top flange
Load Type - End moments

LT buckling - L_¢ . = 0,0cm

Web stiffeners at 0,0cm

el __._._.A XY
AN alatal Z
Internal Forces
Case | Mgy [kN] M,ﬁEd [kNm] M. eq (kM1 V. Eq [kMN] V-,r,Ed [kN] | Tgy [kNm]
1 -210,0 0,0 0,0 0,0 0,0 0,0
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Design Results

Section Classification

Compression | Bending
Web Class 1 | Class 1
Flange Class 1 | Class 1

Element Design

"ﬁ‘-,r "ﬁ‘z 'h‘LT 'h".-'.r :l':',r :l':z :':LT :l':'.-'.r k',r',f k' k y k

YZ zy ZZ

1,05 | 0,00 | 0,00 | 0,00 | 0,57 | 1,00 | 1,00 | 1,20 | 1,69 | 0,42 | 1,01 | 0,71

Neyrd | Nbzrd | Mord | Vbwrd
(6.47) | (6.47) | (6.55) | (5.2)"

243,5 428,7 11,3 129,2

Neg Neg Mogd | Vard toEa. | ToE
Case | N N M v e=q.- | 'oEq
by.Rd bz.Rd b.Rd bw.R.d (6.61) | (6.62)
(6.46) | (6.46) | (6.54) | (5.10)"
1 0,86 0,49 0,00 0,00 0,86 0,00

*according to EN1993-1-5

N M, M
Ed - y.Ed - zEd 4 (6.61)
Xy Neae /Y2 XLTMy Rie/ Yoas M, rx/YM1
N M., M
Bd - v.Ed . zBd 4 (662)
XzNri/ Va1 X LTM}'.RL:.I"r ™M1 M, ri/ Yar
Design checks are satisfied: K = 0,86
Manual checks
lesp 190 m?EA m?-21000- 19,2
Tmin = 1,95cm; A=—== —1’95 =97,44; N, = Fr 97 442 =419,1 kN

i Afy 19,2-23,5 1038 . .
T N | 4191 ' b - =
N, 419,1 ,038; KpuBa Ha U3K'bJIYBaHE a )

®=05[1+a(1-02)+2%] =05-[1+0,34-(1,038—0,2) + 1,038%] = 1,181
1 1

X = — = = 0,573 < 1
®+Jo2 -2 1,181 ++/1,1812 — 1,0382
A 0,573-19,2- 23,5
Ndez)(fy: =246kN
’ Ym1 1,05
Npg 210
Npra 246
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All examples were developed using

~Manual for design of steel structures to Eurocode 3” 2009.
Prof. Ph.D. Eng. Ljubcho Venkov

Assoc. Prof. Ph.D. Eng. Borislav Belev

Eng. Chavdar Penelov

A lot of additional sources have been used for verification including older manuals, foreign
books, etc. The book “"Design of steel members to Eurocode 3”, 2006 by Prof. Nicola Draganov
was very helpful and also had a lot of examples.

Calculation Report

Calculation report in html format is generated for each problem by selecting the "Results"
button. Report is viewed in Internet Explorer, but other web programs may be also used.
Most text editors like e.g. MS Word, can also open html files. Report file is named name_of_
data _file.html.

A directory named name_of_ data _file.html_files is created with each file. It should always
be kept together with the html file, otherwise pictures and formats will be lost.
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