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About the program

Steel expert is a software for design of steel elements according to Eurocode 3 (EN 1993-1-1:2005).
Calculations include elastic and plastic section design, local buckling and element buckling for combined axial
force (tension or compression), bending moments in two directions, shear forces and torsion. Eight different
types of sections are available L T T [ @ O 0 0. The program includes a library of standard steel
sections. Option for holes in webs and flanges is available as well. Results are presented in professional
looking HTML format report for viewing and printing.

Data input

Program data is divided into several pages:

T Materials and Sections Data j Buckling Data AN Loading Data B& Design Results

-+

Click the respective button to switch between pages. The Iﬁ "Results" button starts calculations and
generates an html report, which is displayed on the screen. Input values are entered in the respective tables
or text fields on each page. You can move to the next field either by mouse click or using the Tab key. You
can go back to the previous field with Shift+Tab keys combination.

Files

Steel Expert has its own file format and the data for each problem can be saved to a file on the disk. Input
files have * .stl extension, while design results are stored in * .stl.html files.

New file

Click the [ “New” button to save current data to a new file. A standard file selection dialog appears. Select
or write down file path and name and click "Save".

Open afile

Click the [=> "Open" button. A standard file selection dialog appears. Select or write down file path and name
and click "Open".

Save afile

Click the "Save" button. A standard file selection dialog appears. Select or write down file name. If file
already exists, you can overwrite it or select a different name.

Input data

Materials

Select steel grade from the "Steel" combo box. The program automatically fills in the respective strength
properties fy« and fu. You can also input custom values for f, and f, for steel grades that are not included in
the library. Partial safety factors are also required. Default values are: ymo = 1.05, ym1 = 1.05, ym2 = 1.25.
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Cross sections

Eight different shape types are available. Sections can be standard hot-rolled, cold formed, built-up, welded
etc. If you have a non-standard cross section, you should select the shape from the respective button ( |_

T I C B @ 0 Q)andenterthe dimensions manually. Notations for dimensions and axes for different
shapes are as follows:

1z Cy‘z +—
L& >y

[ \

|t b

| y -~
e A

Area properties are calculated precisely, including fillets. There is no option for tapered flanges of non-
standard sections, so they should be entered as parallel with average thickness. In this case section
properties are approximate. Torsional properties are calculated by approximate formulas with precision of

1% — 2%.

Standard cross sections can be selected from the "Steel Sections Library. The library is opened by the "Open"
Tl
[;== button located next to shapes buttons. Select section type according to the respective standard -

European, British, Russian or Bulgarian.

European

L

L
C
I

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
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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
British

Hot rolled channels with taper flanges RSC to BS4

OoDoOoOoO0OQ+H

Hot rolled channels with parallel flanges PFC to BS4
Hot rolled joists with taper flanges RSJ to BS4
Hot rolled universal beams UB to BS4

HHH MMM

Hot rolled universal columns UC to BS4
Russian
L  Hotrolled unequal angles to GOST 8510-72
I Hotrolled I-sections with parallel flanges to GOST 2620-83
I Hotrolled wide flange I-sections to GOST 2620-83
T Hotrolled I-columns to GOST 2620-83
Bulgarian
L  Hotrolled equal angles to BDS 2612-73
[  Hotrolled channels with tapered flanges to BDS 6176-75
[  Hotrolled channels with parallel flanges to BDS 6176-75
I Hotrolled I-sections to BDS 5951-75

L Hot rolled normal I-beams IPN to DIN 1025-1: 1995 and NF A 45-209: 1983 = ==
o0 m T VAl Name: IPN 80 Angle[ 0 =0 |
Load Home Quit Draw
Name | Mass Dimensions Secugfdarpec;ment Rgay?;l:isuﬁf Section modulus Torsion constants | Area

M h b | tw | tf rl | r2 d Iy Iz iy iz |Wy.el|Wz.el| Wy.pl |\Wz.pl| It Iw A |Taper

- kg/m| mm mm mm  mm| mm mm mm em® em® | em | em | em® | em® | em® | em® | em?® | mm®x10% | em? | 0.14
IPN 80 |5.94 80 |42 |3.9 5.9 |3.9 (2.3 |59 77.8 6.29 |3.2 |0.91|19.5 |3 22.8 |5 0.87 |0.09 7.57 |0.14
IPN 100 |8.34 100 50 (4.5 6.8 (4.5 (2.7 |75.7 |171 12.2 |4.01 1.07|34.2 |4.88 |39.8 |8.1 1.6 |0.27 10.6 |0.14
IPN 120 11.1 |120 |58 |5.1 |7.7 |5.1 |3.1 |92.4 (328 21.5 |4.81/1.23 |54.7 |7.41 |63.6 |12.4 |2.71 0.69 14.2 |0.14
IPN 140 |14.3 140 66 |5.7 |8.6 |5.7 |3.4 |109.1|573 35.2 |5.61 /1.4 |81.9 |10.7 |95.4 |17.9 |4.32 1.54 18.2 |0.14
IPN 160 |17.9 160 |74 |6.3 |9.5 |6.3 |3.8 |125.8|935 54.7 |6.4 1.55|117 |14.8 |136 |24.9 |6.57 3.14 22.8 |0.14
IPN 180 21.9 |180 |82 |6.9 |10.4|6.9 |4.1 |142.4 /1450 81.3 |7.2 |1.71|161 |19.8 |187 |33.2 |9.58 |5.92 27.9 |0.14
IPN 200 |26.2 (200 |90 |7.5 |11.3|7.5 |4.5 |159.1 2140 117 8 1.87 214 |26 250 |43.5 |13.5 |10.5 33.4 |0.14
IPN 220 |31.1 (220 |98 (8.1 |12.2|8.1 (4.9 |175.8 3060 162 8.8 |2.02|278 |33.1 (324 |55.7 [18.6 |17.8 39.5 |0.14
IPN 240 |36.2 (240 106 (8.7 (13.1(8.7 (5.2 |192.5 4250 221 9.59|2.2 (354 |41.7 (412 |70 25 28.7 46.1 |0.14
IPN 260 41.9 (260|113 |9.4 |14.1|9.4 |5.6 |208.9 5740 288 |10.4 2.32 442 |51 514 |85.9 |33.5 44.1 53.3 |0.14
IPN 280 |47.9 (280 119 |10.1 |15.2|10.1|6.1 |225.1 7590 364 11.12.45|542 |61.2 632 |103 |44.2 646 61 0.14
IPN 300 |54.2 (300 125 |10.5 |16.2|10.8|6.5 |241.6 9300 451 11.9|2.56|653 |72.2 (762 |121 |56.8 |91.8 (2] 0.14
IPN 320 61 320|131 (11.5(17.3|11.5|6.9 |257.9 /12510 555 12.7|2.67|782 |B4.7 |914 (143 |72.5 |129 77.7 |0.14
IPN 340 |68 340|137 |12.2 |18.3|12.2|7.3 |274.3|15700 674 13.5/2.8 |923 |98.4 1080 |166 |(90.4 176 86.7 |0.14
IPN 360 |76.1 (360 143 |13 |19.5|13 |7.8 |290.2|19610 818 14.2/2.9 |1090 114 (1276 (194 (115 |240 97  |0.14
IFN 380 84 380|149 |13.7 |20.5|13.7 8.2 |306.7 24010 975 15 |3.02|1260 (131 (1482 |221 (141 |319 107 |0.14
IPN 400 |92.4 400 155 |14.4 21.6|14.4|8.6 |322.9 29210 1160 |15.73.13|1460 (149 |1714 |253 |170 (420 118 |0.14
IPN 450|115 450 170 |16.2 24.3|16.2|9.7 |363.6 45350 1730 |17.7 3.43|2040 |203 |2400 |345 |267 (791 147 |0.14
IPN 500 141 |500 (185 (18 |27 |18 |10.8|404.3 68740 2480 |19.63.72 2750 |268 |3240 |456 |402 1400 179 |0.14
IPN 550|166 |550 200 (19 |30 |19 |11.9|445.6|/99180 3490 |21.6 4.02|3610 |349 |4240 592 |544 2390 212 |0.14
IPN 600|199 600 215 |21.6|32.4|21.6|13 |485.8 139000 |4670 |23.4 4.3 4630 434 5452 (752 |787 |3814 254 |0.14

A
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Section dimensions and properties are displayed in tables. Select a section with the mouse and click the H
“Load” button. Section dimensions are loaded into the program and area properties are re-calculated.
Properties presented in the library tables are for information only and they are not used further. Library
sections can be additionally modified after loading. For example, 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, change shapeto T
and height to half.

Holes/openings in sections

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

Loading

Select the number of load cases first. Then enter axial force N, bending moments My, M,, shear forces V,, V,
and torsion T for each load case in the table. All components will be considered as acting both separately and
simultaneously for a given load case. Positive axial force is tension and negative is compression.

IC Steel Expert 273 - o] @ =
T -'
O = I e Y B X @ N ecode 3 .
MNew Open Save Section | Loads Buckling Results Exit Help
Section Loads Mumber of load cases: 1ﬂ Loads Directions
No|M,kN |My kNm | Mz kNm |Vz kN |V kN | T kNm

1 Motations and positive directions of section intemal forces
are shown bellow. You should select the relevant section
within the element

00

Effective lengths

Effective lengths are required for buckling analysis of steel elements. Buckling factors for both main planes
My and 4, shall be entered and the program calculates the respective effective lengths Lesy and Lef, . You can
also input spacing between lateral restraints. Recommendations for buckling factor values for different types
of structural elements are given in the design codes.
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O Steel Expert 2.7.3 - o] @ [
~ T
D @ - I % j Iﬁ x 9 B Eurocode 3 -
Mew Open Save Section Loads |Buckling Results Exit Help
Buckling Data Total element length: L= 40 m
Compression buckling about axis Y ion buckling about axis 7 Lateral torsional buckling
Buckling length factor: Uy = 1.0 Buckling length factor: I = 1.0 Lateral restraints spacing: Lb = 40 m
[ Lateral restraints spacing: Ly = 4.0 m [ Lateral restraints spacing: Lz = 4.0 LT buckling factor: k=
Shear load type Load position  Bending diagram factors Local buckding
(©) End moments @ Top flange Mly=| 0.0 M= 1.0 |[My=| 0.0 [Z] Beam ribs spacing: 00 m
@ Uniformly distributed T I Miz=| 00 [MZ= 10 Maz=| 00
= ) Neut
(") Concentr. at center — Element side view in x-z plane and My beinding §
\© Concentr. at quarters (7) Bottom flange diaglan'! are shown bellow. Mz diagram is obtained [ Allow web local buckiing
respectively.
z
S SR SN SN SUN S SR SN SN S SN
o RCSHNE B
4000 z
EQE| N
Ren
; EE nPOEKTCODI
Command : -~ By QGLQQ@ :.ﬂ' e
0.0:0.0

The ]| button opens the “Buckling calculator” window, where g can be calculated depending on the selected
support conditions. You can have pinned, fixed or spring restraint as well as restraint provided by beams in

frames.

Effective length for lateral-torsional buckling is defined as the distance between lateral restraints of
compressed flange. Load positions (top flange, neutral or bottom flange) and load patterns (end moments,
distributed or 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 can be entered.

1

Fixed

Steel Expert - Buckling Lengths

~ @ +

-

.

Pinned Spring  Frame
Ic= 23410 comd

Le= 4000 com

77

v

A (f{‘. I

'
Fixed

Pinned Spring

Frame

v

==

) Unbraced
@ Braced

u = 1,00

E=21000 kN.cm?
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Design to EN 1993-1-1:2005

Classification of cross sections

Section class is determined based on the assumption that section is loaded either with uniform compression
or 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 compressive stress calculation are
used. Factor ¢/t is determined assuming that neutral line passes through the center of area.

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

The most conservative result from the 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 bending with axial force this approach gives conservative results. Take for instance a beam with
IPE 400 section, loaded with bending moment of 300 KN.m and compression of -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 force upon the final stresses is
negligible, it is better to assume exactly zero.

Results of section classification are provided in tabular form:

Compression | Bending
Web |Class 4 Class 1
Flanges|Class 1 Class 1

Page 8 of 35
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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

—— —1 1
- H c - - IC - - _ c - Axis of
bending
.t J t - -J t i f— t
|
L 1 t
L ] L ] - ﬂ_r
» - 't il t S Axis of
c Cc c .
- - - - - - - — bending
C
[ ] [ ] [ ] h—.+~' S ),
Class Part s.ub_]ect to Part subj ectto Part subject to bending and compression
bendmg COMPression
f, f f
Stress — — —
distribution + + + | e
n parts. C c c
(compression - _
positive) — — —
f}' f}' f}'
when e >0,5: ¢/t < 1?96131
1 c/t<72e c/t<33e 36[:_
when e <0.5: ¢/t<—
o
456
when ot >0,5: ¢/t < Go_1
2 c/t<83e o/t <38 41[2_
when 0 €0.5: ¢/t <2228
L
f f
Stress =Sd _f —
distribution +; *
1n parts ¢ + C ¢
(compression i | |2 é
positive) —
f v
42e
whenwy>-1: ¢/t<——
3 c/t<124e c/t<42e 0,67+0.33y
when yw<-17: ¢/t <62e(1— qj}w-'r(—tp)
e= [235/f £, 235 275 355 420 460
v 4 £ 1.00 0,92 0,51 0,75 0,71
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Sheet 2 of 3. Outstand flanges.

Outstand flanges
.C. c c |
+ | L t 1 ]
t t t! <
Rolled sections Welded sections
Class Part subject to compression — Part E'Hb-]ec.t fo bending and compression
Tip in compression Tip 1n tension
Stress oc oc
distribution __ _l: +
in parts T e -— —
(compression | | a7 i
positive) ' ! |__—C_+ | i L C —
Q¢ Oe
1 c/t<0%e c/ts— c/t<—
o o/ Ot
10e 10e
2 c/t<10e c/ts—0 ts ——
o Gl O
Stress
distribution __ - ﬁ __1*
(coirl;{l:lg:inn | l—}-;-f | !]l%l | ! C
positive) ' ' '
<21e.k
3 c/t<lde e/t=2leyk,
For k; see EN 1993-1-5
e = I.'W f, 235 275 355 420 460
N € 1,00 092 081 0,75 0.71
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Sheet 3 of 3. Angles

Angles
| h |
[ J' I
t Does not apply to angles
Refer also to “Outstand flanges”™ b continuous contact with other
(see sheet 2 of 3) comiponents
Class Section in compression
Stress
distribution f
across E N
section
(compression
posifive)
h
3 h/t=<15e: <115¢
2t
Tubular sections
t-|
'W\ d
Class Section in bending and/or compression
1 d/t<50¢’
2 d/t<70e”
. d/t<90e’
] NOTE For d/t > 90ge” see EN 1993-1-6.
r f, 235 275 355 420 460
g=,[235/1, 3 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

Class 3 sections are checked using the following equation:

2 2 5
Ox Ed Oz Ed _ Ox Ed Oz Ed Tgg .
<fy/yM0> * (fy/)/M()) (fy/VMO> (fy/VMO) *3 (fy/VMO> <1(61)

“In Eurocode this equation is presented without the square root operation. However, the original form of the
equation is used in the program in order to obtain realistic factor of safety (FOS) and safety margin for the
section. In this manual, the original notations of equations according to EN 1993-1-1 are presented in

brackets.

This equation is applied to different points of the cross section and stresses are calculated according to the

principles of structural mechanics.
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Ored T Treo 0-3 (Tll’l‘-ﬂ
o, BB Ty (o )L
. O'j
1 ;
Ores
r}'i
W
y—
Ot
'5 Ty
o - tr, "
o.rs.'l Xy

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

Ox,Ed Txy,Ed Txz,Ed Tmax,Ed / OxE a2 + 3Tg42
fy/Ymo fy/\/§VMO fy/\/§YMO fy/\/gyMO £y /Ymo
(6.42) (6.19) (6.19)

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

1/V/3 ~ 0.58
Ngg My ga M, gq
Ux,Ed(va)z A t }/ Z T ; :
y z
Vega® Sz2(¥)
sz,Ed(}’) = W (6.20)
y
Vy Ea * Sy(2)
Tay,ga(Z) = W (6.20)
VA
Tgq
TT.Ed = Wt

— 2 2
Tred,Ed - JTxy,Ed +TXZ,Ed

TMax,Ed — maX(Txy,Edl sz,EleT,Elered,Ed)
Oxga = max(oy| o;]o3|04)

Normal stress o gq, 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 loads (for instance,
under supports of secondary beams or crane wheels). If holes are specified, they are always considered in
the calculation of the effective section properties. For unsymmetrical | sections, shear force VyEd is
distributed between bottom (1) and top (2) flange according to the equations:

I
f1
Vo =V, pg —2t—
y1 V.E Ifl +If2
I
f2
V,y =V, gy —22—
.2 y.E Ifl +If2

Plastic design

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

Ngq

<1 (6.5)
t,Rd

Tension capacity of the section is determined according to the equation:
A-fy
Ymo

Npira =

(6.6)

In case of holes, this check is performed using the effective section properties.

0.94 .
Nyra = ”—etfu(6.7)

Ym2

Design check for uniform compression:

NEa

<1(6.9)
c,Rd

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

Ymo

Nera = (6.10)

Reduced bearing capacity for axial force Ny, rq is calculated instead of Np,; gq and N gq in case of design
shear force Vgq = 0.5V, rq and reduced yield strength is used for shear area instead of fy:

(1-p)fy (6.29), where p = (ZV—Ed — 1)2

VpLRd

When torsion is present, factor p is computed with Vy,; 1 g4 instead of Vy; gy-

Bending check
Mgq

<1(6.12)
c,Rd

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

Wory Jy (6.13)

My ra = Mpiyra =
Ymo

Woiz " fy
My pa = Mpl,Z,Rd = %Oy (6.13)

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

Mgq

<1(6.31)
N,Rd

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

For rectangular section:

N 2
Ed

plL,Rd

For | section:

n
MN,y,Rd = Mpz,y,Rd 1-05a (6.36)

Forn < a: My, rqa = My, ra(6-37)

N
Forn > a: My zpa = Myyra [1 - (=) ] (6.38)
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For hollow sections:

My,y,ra = Mpiy,ra "1-05a. (6.39)
' w

My zra = MpizRa 'm (6.40)

A — 2bt
f

a,, 2
A—2bt,

af 2

Design check for biaxial bending

Myea\* (M, pa\’
< y'”) +( Z'Ed> <1 (6.41)

My ra M, ra
For | sections: a=2,3=5n21
For circular hollow sections: a=2,p3=2
For rectangular hollow sections: a=f=1.66/(1-1.13n%

For biaxial bending with axial force, M,, rq and M, g, are replaced in equation 6.41 by My ,, pq and My , ra,
respectively.

When Veqg exceeds 50% of V) rq, the design resistance for combined bending with axial force should be

calculated using reduced yield strength for calculation of shear area:

Wi\
(1 -p)fy (6.29),where p = -1
Voira

If torsion moment is present, the p factor is calculated with V,; 1 p4 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:

Apy " fy

Vyra = Vpiyra = = (6.18)
y ply V3 Yoro
Ay fy

Vara = Vpl,Z,Rd = \/3—,)/ (6.18)
MO

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

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

<1 (6.25)
plL,T,Rd

For | section:
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TtEd
V. = |1-— . v, (6.26)
pLT,Rd pLRd
J 1.25(f,/v3)/ Yumo
For U section:
Tt Ed Tw,Ed

v — 1— : — . v, (6.27)
pLT,RA pLRd

\/ 1.25(f,/N3)/ ymo  (fy/V3)/ Ymo

For hollow sections:

Tt Ed

1.25(£,/Y3)/ Yuro

VpiTRd = <1 ) Vpira (6.28)

Torsion check

T
Ed 1 (6.23)
Tra

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

Tra =

Results from design checks are presented in tabular form.

Nia | Nura | Myra | Mzra | Vora | Vyra | Tra My ra
65 | (67) | 612) | (6.12) | (6.17) | (6.17) | (6:23) 6.12)

6.9) | - | (6.31) | (6.31) | (6.25) | (6.25) (6.31)

Ngg | Nea | Myga | Mzpa | Vaea | Vyga | Tga <My,5d>a+<MZ,Ed>ﬁ

MZ,Rd

Buckling design of members

Uniform members in compression

Compression members are designed for buckling as follows:

Ngq

<1(6.47)
b,Rd

XAf,
Npra = ” z
M1

(6.48)

x= < 1(6.49)

oo 1
® =05[1+a(1-0.2)+ 2%

_ A ?EA l I
A= /A;Ncr= 2 :/1=eff;r=j:
N, A T A

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

Buckling curve AQ | a b c d

Imperfection factor|0.13|0.21|0.34|0.49|0.76

Verification is performed for the two principle axis with the respective section properties and effective
lengths. Effective length lef in Steel Expert is defined as either L*uy or L, (depending on user selection) for
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“n
z

buckling about “y” axis. For buckling about axis, it can be L*u, or Ly, respectively. Ly and L, are distances

between lateral restraints. In the current version of the program no check for torsional-flexural buckling
under uniform compression is performed. Buckling curves are selected from Table 6.2 depending on section
type and steel class.

Table 6.2 Selection of buckling curve for a cross-section

Buckling curve
Bucklmg | § 235
Cross section Limuts about < 275
axis S 355 S 460
5420
t; z g
| 4 t;< 40 mm ; _"iz' E 20
[ E—p— - 0
w ‘ :C\ F—V b
8 | = | 40mm<t<100 | I77 .
3 h| vy l y
E y-y a
E’ ‘ oy fr= 100 mm 77 c a
— ‘\‘—| Wl
! '& T —%7
z = t:> 100 mm y—y d ¢
b Z—7Z d c
" : =t 1 =l tz < 40 mm y=y
- & - ! z—-z C C
[P =]
22|y -—y Yy —f——y
=1 | | te> 40 y 3 < <
£ 40 mm 2> d d
z z
_—, hot finished any a ap
Lz
:5
-7 cold formed any c c
IZ te
, ] rally :
. ‘ gener a]]Jlj,,1 (e:iic ept as any b b
2 ! alow)
g2 h| vy TV
=¥ .
E ] | t, thick welds: a > 0,5t;
= | | | b/t:< 30 any c c
I Zh ] hit, <30
b I | |
2 S | =
m = ! -
i }5 — I — . any c c
-2 - N
e = 1 \
§ 1 - any b b
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Uniform members in bending

Mgq

< 1(6.54)
b,Rd

W,
My rq = )“;—yfy (6.55)

M1

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

1
XL = —
D1+ ‘/‘bfT — Ar

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

<1 (6.56)

/T — W)’fy
LT _Mcr
n2El, kN\?1, (kL)2GI, 2
Mer = Cepy2 (H) 7t e + (Cazg — C32;)" — (Cp2y — C37;)

The factor K depends on the support conditions against rotation at supports around vertical axis. It have to
be entered 0.5 for both ends fixed, 0.7 for one fixed and one hinged and 1.0 for both ends hinged.

L is defined in Steel Expert as “Lateral restraints spacing” Ly. Factors C4, C; and C3 are provided in a tabular
form depending on the type of transverse load (shape of M diagram) and the K factor. Factor k,, takes into
account the possibility for rotation at member ends. It is accepted to be equal to 1.0 conservatively. z; =

Z, — Zg is the height between loading point and shear center. Loading point can be selected to be: bottom
flange (favorable), top flange (unfavorable) and neutral (z5 = 0).

_ J, 0% +2%)zdA

j = Zs
21,

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

Buckling curve a b C d

Imperfection factor oyr|0.21|{0.3410.49/0.76

Members in combined bending with axial compression

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

Ngq My gq My gq
+k - k - <1(6.61
XyNRk/VM1 Y XLTMy,Rk/YM1 e Mz,Rk/VM1 ( )
NEd My Ed Mz Ed
+k - - <1(6.62)
XzNrie/Ym1 i XLTMy,Rk/YM1 “ M ric/VYm1
Ny = Afy

M, g = Why,y fy — for sections of class 1 and 2
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My pi = Wel,yfy — for sections of class 3
M, g = Wy . fy — for sections of class 1 and 2

M gy = Wey . f, — 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

: . Design assumption
In:::l::glon ;?g:iiﬁz elastic cross-sectional properties plastic cross-sectional properties
| ' class 3_ class 4 class 1, class 2
= N = ' N
C'm{1+o.o}~_v_—ﬁ] cm_\{1+{1y —0.3)_—HJ
. I-sections Xy N Y Xy Nri ' Yan
Sh RHS-sections [ ( T 3
<C,, | 1+0.6— E('m[1+0.8_’7&J
Y Xy Nz /Y Y Xy Ngx /Y
I-sections
ke RHS-sections ke 0,6 ke
I-sections
Ky RHS-sections 0.8 kyy 0.6 kyy
{ _ \ N
Cl1+[h. —06)—B
- X=Nz /T
I-sections ’
— N 3 4 N Ed
C_| 140,61 $J S Cg| L4147
L L.Ne Van KNee T
{ ! N \
Et.m[“c'-ﬁ\l—J cl1+(, —02)—m
\ XNre ' Tan = ' % Nr / Yan
RHS-sections NZ
< C'm(l + O.S_—E‘i]
X=Nge/ Yan
For I- and H-sections and rectangular hollow sections under axial compression and uniaxial bending M, z4
the coefficient k_, may be k_ = 0.

Table B2. Interaction factors for elements, susceptible to torsion deformations

Design assumptions

Interaction . . . - . .
factors elastic cross-sectional properties plastic cross-sectional properties
class 3, class 4 class 1. class 2
koy k.. from Table B.1 k., from Table B.1
k. k. from Table B.1 k., from Table B.1

{ X 0.05A. N, }
(Cer ~0.25) XNz /Y

N { | 005 N, }
k., {C‘m.LT - 0-35) XNz "'IITMI

[(‘m]_'l— —0.25) 4. N /Yaa

=

for L <0.4:

k

0.1z

[ 0.1 Ny, }
1- — — -
{{— mIT — 0-1:‘} =Nz ' Van

- AAs N
=0.6+A: <1— .011 =
(C a1 —0.25) % Ng /Yo

k. k. from Table B.1

k_, from Table B.1
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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;r = 1.

Equivalent uniform moment factors Cpy, Cmz and Cp 1 are defined in Table B3 depending on the diagram
type between points of lateral restraints:

Factor Bending axis Points braced in direction |Steel Expert Notations

Crny v-y z-z Distance between restraints: L
Cmz z-z y-y Distance between restraints: L,
ClT v-y v-y Distance between restraints: Ly

Table B3. Equivalent uniform moment factors Cp,y, Crz and Cpy1

) Cmy, Cmz and Cypt under loading
Moment Diagram Range —
Distributed Concentrated
M e wM -l<y<1 0,6 + 0.4y >0,4
M M
O My WM g<ag<t |-l<y<1| 02+080s>04 0.2 + 0.8as > 0,4
\ ~ (1) Mh 7
— » 0<y<l 0,1 -0.805>0,4 —0.805>0,4
-1< og < 0
@, = M /M, -1<y<0]0,1(1-y)—08as>0,4| 0,2(-y)—0.8as>0,4
(+) M
: 0<op<l1 |-1<5y<1 0,95 + 0,05 op 0,90 + 0,10 an
+ M 0<y<1 0,95 + 0,05 ap 0,90 + 0,10 ap
( ) h W h _1 Sah < O
o = M, /M, -1 <y<0| 0,95+0,05an(1 +2y) 0,90 - 0,10 an(1 +2y)

Local buckling resistance of beam webs
For | and C sections, the design check is performed according to EN 1993-1-5 using the following formula:

VEa

<1 (5.10)
b,Rd

Xwhwsfy _ nhysfy
Vora = Vow,ra = <
v \/§VM1 \/§VM1

Webs can be stiffened with transverse ribs or unstiffened. The contribution of flanges is neglected
conservatively.

(5.1), (5.2)

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

_ 0,83
Xw=1n—3a4, <—
n
0,83 0,83 <1 <108
=———33 — < ,
Xw 1, 1 w
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1,37

=07+,

—3al, >1,08

Slenderness parameter /TW is defined by the following formulas:

- When the web is not stiffened:

T o w
Ay = 86,4s¢ (5-5)

235
£= |—
fy
- When the web is stiffened with transverse ribs:
_ h,,
Ay =—= (5.6
Y 37.4sek, (>6)
Shear buckling factor is defined according to Annex A.3:
4,00
5,34 + ? 3aa =1
fer = 5,34 (4.5)
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

Nga | Nga | Myga | Vzga

Nyyra | Nozra | Mpra | Vbwra | (6.61) | (6.62)
(6.46) | (6.46) | (6.54) | (5.10)*
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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 Neg = 300 kN and
design bending moment Myeq= 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 Ygq = 1,05 Yz = 1,25
Section Dimensions And Properties - IPE 300 - I-SECTION
h tw b tF b2 tFZ
T mm mm mm mm
o [mml | (mm] | [mml | [mm] | [mm] | [mm]
300,0 7,1 | 150,0 10,7 | 150,0 10,7
=b=7 .1
ri ro A Au’z Av',r
[mm] imm] | [em?] | [em?] | [cm3]
15,0 53,8 25,7 | 32,1
heaon Lo gfE
! 7 I',r Iz Wel,',' Welfz Wplf',' Wplfz
' [cm?®] | [em*] | [em®] | [em®] | [em®] | [cm?]
8356,1 | 603,8 | 557,1 80,5 | 628,4 | 125,2
H=10.7 r, r (ol c, I, w,
L :I: [cm] [em] | [em] | [em] | [em?] | [em®]
ft———b=1 R ——= 12,5 3,3 15,0 7.5 19,9 18,4
Buckling Lengths Lateral-Torsional Buckling
About axis "y" - L_g . 0,0cm Load position - Top flange
About axis "z" - L_g _ = 0,0cm Load Type - Uniformly distributed
LT buckling - Logep = 0.0cm Web stiffeners at 0,0cm
4 J 4 4 Z
de do % & oot
¢000¢-¢¢04-4-#0404-0¢¢¢$0¢¢-¢04¢-¢¢00$0¢0‘¢'0¢0000¢0040¢0 — -1
HENEEEEEESESNEENEEN NN NN EESNENENENEE
4000 z

Internal Forces

Case | Ngy [kN] M-,r,Ed [kNm] M. eq (kM1 V. Ed [kn] V-,r,Ed [kN] [ Ty [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 2y1/2
Case I:rx:,E-:I Tx',r,Ed sz,Ed Tmax,Ed (':rx,Ed = BTEd } )
1 280,5 0,0 0,0 0,0 258,56
2 241/2
Case I:r><:,En:| Tx',r,Ed sz,Ed Tmax,Ed {Ux,Ed i BTEd :' )
f-,-f'?'mcn D.SSF?J}'MD D.Eef,rj';,'m D.SSF,{J?MD f,rj}'MD
1 1,25 0,00 0,00 0,00 1,16
Section Plastic Design For Class 1 Or 2
[2 (212 [2)(= (1 (1
Case Neg" ) Ny, rd My Rrd" ) M. rd' ) Vard' :I VyRrd' ) Tpg
(6.6)(6.10) | (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 | Neg Moed | Moed | Vord | Vied | Ted Myed M, ed y
case | Nrd | Murd | Myrd | Mzrd | Yzrd | Yyrd | Tra Mygrd  Myz.rd
(6.5) | (6.7) | (6.12) | (6.12) | (6.17) | (6.17) | (6.23) | (6.12)
(6.9) | - (6.321) | (6.31) | (6.25) | (6.25) | - (6.31)
1 0,29 0,25 0,956 0,00 0,00 0,00 0,00 0,92

Reduced values W pg Are calculated to eq. (6.26) - (6.28) in case of shear combined with torsion Teg
Reduced values N\.,Hdand M., qg 3re calculated to eq. (6.29) in caze of axial load or bending combined with shear Vg

Reduced values Mt g 2 calculated to eq. (6.32) - (£.40) in case of bending combined with axial load Mey

W),
Manual checks
Wiy " fy _ 628-23,5

My pa = ” o5 = 14055 kNcm = 140,55 kNm
MO ’
Nopa = 2 338235 _ 0k
pLRd = Vit - 1,05
Ngg 350
"= Npira 1204
_A-2bty 538-2-15-107
== = 53,8 -
Mo = M Lon 1405522 pugkn
NyRa = HplyRAT 05 T PP T 050,403 oo
Mgy 120
Mygra 124.8
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Example 2.

Verify bearing capacity of an IPE 400 section. Steel is S235 with fy = 23,5 kKN/cm?, ymo = 1,05. Section is class
1. Design loads are My,eq= 240 kNm; Neg = 96 kN; Veg = 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 i8. t < 40 - fy = 235 MPa Yo = 1,05 Ygy = 1,05 Yz = 1,25
Section Dimensions And Properties - 00 - I-SECTION
h tw b tF b2 tF2
T e [mm] [mm] | [mml | [mm] | [mm] | [mm]
400,0 8,6 | 180,0 13,5 | 180,0 13,5
w=thbw=0 E
ri ru A sz Av',r
[mm] [mm] | [em?] | [em?] | [em?]
v C 21,0 84,5 42,7 48,6
h=400 e
; z I',r Iz IIII'l"llel,',r IIII'l"llelrz IIIII."II|:||,',r IIII'l"ll|:||,z
[em*] [em*] | [em®] | [em®] | [em®] | [cm®]
23128,4 | 1217,8 | 1156,4 | 146,4 | 1207,1 | 229,0
=135 r, r, ol C, I, w,
1 e :I: [cm] [cm] [cm] [cm] | [em*] | [cm®]
ft——b=1 80— 16,5 3,9 20,0 9.0 50,5 37,3
Buckling Lengths Lateral-Torsional Buckling
About axis "y" - L, = 0,0cm Load position - Top flange
About axis "z" - L_g . = 0,0cm Load Type - Uniformly distributed
LT buckling - Lo p = 0,0cm Web stiffeners at 0,0cm

z
FREv

Internal Forces

Case | Ngg [kN] M-,r,Ed [kMm] M. Ed [kM] V. ed (k] V-,r,Ed [kM] | Ty [kNm]
1 96,0 240,0 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.)

z 2y1/2
Case Cr>c,E|:| T>c',.r,En:| sz,Ed T|'|'|E|><,En:| {ax,Ed + BTEd :' :
1 218,9 0,0 98,1 Qg,1 205,8
z 24y1/2
Case Cr><,Et:| T>c',.r,En:| sz,Ed Tmax,Ed {Ux,Ed i BTEd :' )
f,',.’",'MD D.SBF,',.’)'MD D.SBF,{;’*;MD D.EBF,',.I‘}'MD f-,-f'?'mn
1 0,98 0,00 0,76 0,76 0,92
Section Plastic Design For Class 1 Or 2
2 (2= [(2)(= {1 (1
Case Neg" ) Ny, rd M, rd" )= M. rd" )= Vo rd ) Vyrd : Trg
(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 | Med | Myed | Mzed | Vaed | Vied | Ted Myed * Maeg P
case | Nrd | Murd [ Myra | Mzrd | Vard | Yyra | Tha Muyrd  Muzrd
(6.5) | (6.7) | (6.12) | (6.12) | (6.17) | (6.17) | (6.23) | (5.12)
(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

() peduced values Vo pg @re calculated to eq. (6.26) - (6.28) in case of shear combined with torsion Teg
(2} Reduced values N‘-_.'.H.:la”d My, pg 8rE calculated to eq. (5.29) in case of axial load or bending combined with shear Veg

12} Reduced values My pg @0 calculated to eq. (6.32) - (6.40) in case of bending combined with axial load Mey
(V)

Manual checks
Ay, fy 42,7235

v, = = =551,75kN;  Vgg = 315kN = 0.5V, zg = 275,8 kN
plL,z,Rd \/§}/M0 \/§ . 1'05 Ed pL,Rd
<2VEd 1>2 (2 .315 1>2 0.0
p = e = _ = .
Vyira 551,75
A —pA,, 84,5 — 0,02 - 42,7
Npiv ra = T y = 105 23,5 =1872 kN
W, — pshy,? /4 1307,1 — 0,02 - 0,86 - 37,3%/4
Myyyyra = —22 yp w / f, = ToE / 23,5 = 29120 kNem = 291,2 kNm
MO )

_ Nea 96 o _A-2by )_84,5—2-18-1,35(1 0.02) = 0,416

™ Noyra 1872 T WTTTY S 84,5 me) =5

1-n, 1-0,0513

MNV,y,Rd = Mpl,V,y,Rdm = 291,2T0,416 = 348,8 kNm > Mpl,V,y,Rd = 291,2 kNm

Mg 240

= =082<1
Mpyyra 2912
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Example 3.

Find the bearing capacity for the welded | section, presented on the figure, steel class S235. Design loads are
My,eq = 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 g2.2 3. t < 40 - fy = 235 MPa g = 1,05 gy = 1,05 Yz = 1,25
Section Dimensions And Properties - 28 - [-SECTION
h tl.-.r b tF b2 tFZ
T [mm] [mm] [mm] [mm] | [mm] [mm]
=Hab=10 428,0 10,0 280,0 14,0 280,0 14,0
ri rg A Auz Av',r
[mm] Imm] | [em®] | [em?] | [cm?]
118,4 48,0 78,4
h=428 ToHt
; z I',r Iz wel,',r wel,a wpl,',r wpl,z
[em?] [em*] | [cm®] | [em?] | [em®] | [cm?]
38039,8 | 5125,5 | 1819,6 | 366,1 | 2022,9 | 55&,B
tt=14 r, r, C, c, I, W,
L ! :I: [cm] [cm] [cm] [em] | [em*] | [em?]
ot b=200 - 18,1 6,6 21,4 14,0 64,1 42,6
Buckling Lengths Lateral-Torsional Buckling
About axis "y" - L_g y = 0.0cm Load position - Top flange
About axis "z" - L g . = 0,0cm Load Type - Uniformly distributed
LT buckling - Logrp = 0,0cm Web stiffeners at 0,0cm

coosoodossssedbosssshossssodiosscockessasschossscehossssocboccsoboccscd |

[EEEEEEEEEEEN NN NSNS EENNN NN SN ENEEEENNNEEEENENEENENE
EQO0 Z

Internal Forces

Case | Ngg [kN] M-,r,Ed [kMm] M., Eq (k] V. Ed (k] V-,r,Ed [kN] | Ty [kNm]

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.)

2 231/2
Case | 7, kg Tx:',r,Eu:I Tz Ed Tnasx,Ed I::':rx:,E-:I * 3TE-:I } -
1 2226 0,0 87,8 87,8 241,1
2 21172
Case T Ed Ty Ed Tz Ed Tnas, Ed I::':rx:,Ed + 371y )
f-,-f'?'mn D.ESF,;,!}'MD D.ESF,;,!}'MD D.ESF,'}';,'MD f-,-f'?'mu
1 0,99 0,00 0,68 0,68 1,08

Section Plastic Design For Class 1 Or 2

(2 (233 (2= (1 (1
Case Neg' ) Nurd | Myrd' )= M. ra )= Vard : VyRd' : Trd
(6.6)(6.10) | (6.7) | (6.13) (6.12) (6.18) | (6.18)
1 2641,2 0,0 4520 125,0 620,2 1013,1 5,5
Neg | Meg Moed | Maed | Vard | Vied | Ted Myga * Mz P
case | Mrd | Murd | Myrd | Mzra | Vard | Vyrd | Tra Muyrd  Muzrd
(6.5) | (6.7) | (6.12) | (6.12) | (6.17) | (6.17) | (6.23) | (6.12)
(6.9) | - (6.31) | (6.21) | (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 W pg B calculated to eq. (6.268) - (6.28) in case of shear combined with torsion Ted
(2} Reduced values N\.‘Hda”d My pg @re calculated to eq. (6.29) in case of axial load or bending combined with shear Vg

(3} Reduced values MN:‘V].Hd are calculated to eq. (6.32) - (6.40) in case of bending combined with axial load N,
Manual checks
Ay, =n+h, s=12-40-10 = 48cm?
Wiy fy _ 20229235
Ymo 1,05
Ay, f, 48235
Vpl,z,Rd = =
\/§YMO V31,05

2Vea ° (2 .338 1>2  0.00809
~\620,2 e

Mpl,y,Rd = = 45274 kNcm = 452,74 kNm

= 620,2 kN

Vea = 338 kN > 0.5V, zq = 310,1kN; p = (V
plL,Rd

Wiy — pshy®/4 . 2022,9 —0.00809 - 1,0 - 402 /4
Ymo fy = 1,05
Mgq4 405

= =090>1
My v yra 452

Mpyyyra = 23,5 = 45202 kNem = 452 kNm
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Example 4.

Design an axially loaded column, with 6m length, loaded with force Neq = 840 kN. Cross section is hot rolled
circular hollow section with D =219 mm and t = 7 mm, steel S235JR.

The column is fixed at bottom and hinged at top, Lesr=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 82.218. t <40 - fy =235 MPa  y,, =1,05 ¥, =1,05  ¥,, =1,25

Section Dimensions And Properties - 219x7 - CIRCULAR TUBE

d t
[mm] | [mm]
219,0 7,0
A sz Av',r
[cm?] | [em®] | [em?]
46,0 29,7 29,7
=7 y I Weiy | Waiz | Way Wolz

[em?] | [em®*] [ [em®] | [em®] | [em®] | [em?]

2622,0 | 2622,0 | 239,5 | 239,5 | 2517,8 | 2517,8

r, r, C, C, I Wy
[cm] [cm] [cm] | [em] | [em®] | [em®]
| d=719 | 7,5 7,5 11,0 11,0 | 5244,1 | 478,9
Buckling Lengths Lateral-Torsional Buckling
About axis "y" - Legr,, = 420,0cm Load position - Top flange
About axis "z" - L, _ = 420,0cm Load Type - Uniformly distributed
LT buckling - L.gp = 600,0cm Web stiffeners at 0,0cm

(=

£000 Z

Internal Forces

Case | Ney [KN] | M,y TkNm] | M, oo [kND |V, oy [KND |V, oy TkN] | Tgy [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

Y Y= ZY i
0,60 | 0,60 | 0,00 | 0,00 | 0,80 | 0,80 | 1,00 | 1,20 | 1,29 | 0,88 | 0,77 | 1,46

Npyrd | Nbz.rd | Mbrd | Vbwrd
(6.47) | (6.47) | (6.55) | (5.2)"

930,1 930,1 563,5 383,5

M

N M

Ed Ed y.Ed .Ed

Case | N N M. v, ToEqg. | To Eq.
by.Rd bz.Rd b.Rd bw,Rd (6.61) | (6.62)
(6.46) | (6.46) | (6.54) | (5.10)7

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

*according to EN1983-1-5

Ngg M, £q M. Ea
—_—+ ko ————+ k,,————— =1 (661
XyNre/Yms 7 XetMpmri/Yan 7 Mamie/Yia 661)

Ngg ] My Ed M; Eq =1 (662)

— A — -
Xz Nri/Yaaa Ty LMy R/ Y1 =M, ri/ Vo

Desian checks are satisfied: K = 0.90
Manual checks

| |22 Ll 420 _mEA_7?-21000-466
TTaT a6 T Y AT T s T N T e T 567 -

_ Afy 46,4 -23,5 )
A= = |———— = 0,60; buckling curve:a - a =0,21

N, 3021

®=05[1+a(1-02)+2%] =05-[1+0,21- (0,60 — 0,2) + 0,60%] = 0,722
1 1

¥ = _ = =089<1
®+JD2 - 12 0,722 ++/0,7222 — 0,602
XAfy  0,89-46,6-23,5
Np oo = = = 928 kN
b,Rd Y1 1,05
Ngg 840
Npra 928
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Example 5.

Check the resistance of an 8m long column, loaded with axial force Neq = 3025 kN, cross section is hot-rolled
HE3608, steel is S235JR.

Buckling lengths are Letry = 0,7-800 = 560 cm, Lessy = 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 5.2 Element:
Building: Author/Date:
Client: Checked By:
Input Data
Steel 5235 82.213. t < 40 - fy = 235 MPa Yyp = 1,05 gy = 1,05 Yz = 1,25
Section Dimensions And Properties - HE 360 B - I-SECTION
h tw b tF bZ tF2
T | | [mm] [mm] [mm] [mm] | [mm] [mm]
h 4 360,0 12,5 | 300,0 | 22,5 | 3200,0 22,5
=h=125 I, rs A sz AV?
[mm] [mm] [em?] | [cm?] | [em?]
v C 27,0 180,6 60,6 135,0
h=360 |
> I'f I, welf'.f welfz wplf'f wplfz
' [em*] | [em®*] | [em®] | [em®] | [em®] | [cm®]
43193,5 | 10141,2 | 2399,6 | 676,1 | 2683,0 | 1032,5
=225
A vy "z < S L Wi
x| | i [cm] [cm] [cm] [em] | [em?*] | [em®]
= b=200 =] 15,5 7,5 18,0 15,0 300,5 127,9
Buckling Lengths Lateral-Torsional Buckling
About axis "y" - Lo, = 560,0cm Load position - Top flange
About axis "z" - L, _ = 400,0cm Load Type - Uniformly distributed
LT buckling - Legp = 0,0cm Web stiffeners at 0,0cm
I
1. 3 i L L i 3 L L —k
. S 4 H -
1 T
8000 7

Internal Forces

Case | Ngg [kNI | M,y TkNm] | M,y TkND | V, oy TkND |V, oy TkN] | 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

¥ z LT '}Il‘l.-'.r :":',r :":z :":LT :":w k',r',r k',rz kz',r kzz
0,39 | 0,57 )000]) 0290952080 1,00 (120 1,09 (0,72 | 0,65 | 1,20

Noyrd | Mezrd | Mord | Vowrd
(6.47) | (6.47) | (6.55) | (5.2)"

37e6,8 | 3250,1 ©600,5 610,5

M M

c NEd NE-:I M-,r,Ed vz,Ed = TrE
35€ | Npy.rd | Mbzrd b.Rd bw.Rd | (5.61) | (6.62)

(6.46) | (6.46) | (6.54) | (5.10)7
1 0,80 | 0,93 | 0,00 0,00 0,80 0,93

*according to EN1993-1-5

Ngg My Eq M. Ea
_—+ k., ——————+ k., ———— =1 (661
XyNre/vmr 7 XerMyre/Yin 7 Mare/Yan o6

N M., M

Ed +kyy v.Ed . zBd  _ 4 (6.62)
XzNrx/Yma XMy R/ Y M. pic/ Yo
Design checks are satisfied: K = 0,93
Manual checks
A = leffz _ 400 ~5333 N n?EA nz -21000-180,6 — 13161 kN
B - a2 53,332

fy 180,6 - 23,5 0568 " = 12 buckii oo
- P > a=
Ney © 13161 uckling curve: c a =

® =051+ a(l- 02)+,12]—05 [1+40,49- (0,568 — 0,2) + 0,568%] = 0,753
. 0,802 <1
X = — = =0,
® + \/CDZ 22 0,753 4+/0,753% — 0,5682

XAfy _0,802-180,6- 23,5

N, = = = 3240 kN
bRd Ym1 1,05
Ny 3025
=—=093<1
Nora 3240
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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 &2.8 i3. t < 40 - fy = 275 MPa Yo = 1,05 Yy = 1,05 Yz = 1,25
Section Dimensions And Properties - 00 - I-SECTION
h t-.-.r b tF b2 tF2
T | [mm] [mm] [mm] [Imm] | [mm] [mm]
400,0 12,0 | 340,0 | 25,0 | 340,0 25,0
=ahy=12
r o A A Av,r,
[mm] [mm] [em?] | [em?] | [cm?]
212,0 to,4 170,0
h=400 Y4t
; Z I'.-' Iz wEIr'rr WEI-'Z Wplf'f wplfz
[cm*] [cm*] [em®] | [em®] | [ecm?®] | [em?]
64141,7 | 16381,7 | 3207,1 | 963,6 | 3555,0 | 1457,6
=25
ry r, C, c, I W,
1| | _J‘[ [em] [em] [cm] [em] | [em®*] | [em®]
ot h=340 - 17,4 8,8 20,0 17,0 | 363,0 140,3
Buckling Lengths Lateral-Torsional Buckling
About axis "y" - L g , = 560,0cm Load position - Top flange
About axis "z2" - L, _ = 400,0cm Load Type - Uniformly distributed
LT buckling - Logrp = 0,0cm Web stiffeners at 0,0cm
z
......... | SUCINLCUY SSECULUNS SUSIIULY SINIILY SIS SELSEeE SUSECIILY SN Nt —
. AR

2000

Internal Forces

Case | Ngg [k M-,r,Ed [kMm] M, 4 [kM] V. 4 [kM] V-,r,Ed [k Teg [kMm]
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

¥ z LT 'h".-'.r :l':',r :l':z :':LT :l':'.-'.r k',r',r k',rz kz',r kzz
0,37 | 0,52 | 0,00 | 0,37 | 0,94 | 0,83 | 1,00 | 1,20 | 1,04 | 0,74 | 0,63 | 1,23

Npyrd | Mbzrd | Mbrd | Vbwrd
(6.47) | (6.47) | (6.55) | (5.2)"

5205,32 | 4605,1 931,1 762,1

Neg Neg Mogd | Vard toEa | ToE
Case | N N M v °=q.- | 'oEq
by, Rd bz.Rd b.Rd bwi.R.d (6.61) | (6.62)
(6.46) | (6.46) | (6.54) | (5.10)"
1 0,58 0,66 0,00 0,00 0,58 0,66

*according to EN1993-1-5

N M, M
Ed - y.Ed e zEd 4 (6.61)
Xy Neae /Y2 XLTMy Rie/ Vaas M, ri/YM1
N M, M
Bd - v.Ed 3 zEd 4 (6:62)
XzNri/ Va1 X LTM:.;.RL:.I'{ M1 M ri/ Yar
Design checks are satisfied: K = 0,56
Manual checks
lefrz 400 m2EA n2 -21000- 212
A, = =——=4545; N, = = = 21271 kN

A? 45,452

r
y 212 275—0524 buckli - a=049
N, 1271 uckling curve: c o

® =051+ a(l- 02)+Aﬂ._05 [1+40,49-(0,524 —0,2) + 0,524%] = 0,717
. 0829 <1
X = — = =0,
¢>+\/¢2-12 0,717 4+/0,7172 — 0,5242

XAfy _0,829-212-27,5

N = = = 4602 kN
bRd Ym1 1,05
Ny 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 S235JR.

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 8.8 18. t <40 - fy =235 MPa  y,, =1,05 7y, =1,05  y,, =1,25

Section Dimensions And Properties - L100x100x10 - ANGLE

h tw b tF
i m [mm] | [rmm] | [mm] | [mm]
100,0 10,0 100,0 10,0
ri rc\ A Jfl"lw.rz Au',r
Imm] | [mm] | [em?] | [cm?] | [cm?]
12,0 6,0 19,2 10,0 10,0
h=100
I',r Iz IIII'l"IEI,',.r IUI."'IEI,Z II'I'l"'l|:||,',.r IU'l"llpl,z
v [em*] | [em*] | [em®] | [em®] | [em®] | [cm®]
o] 176,7 | 176,7 | 24,6 | 24,6 | 50,4 | 50,4
k 'z tf=10
My r, C, C'f L W,
1 \ [em] | [em] | [em] | [em] | [em®*] | [cm3]
- b= 0} -] 3,0 3,0 2,8 2,8 7,2 4,3
Buckling Lengths Lateral-Torsional Buckling
About axis "y" - L y = 190,0cm Load position - Top flange
About axis "z" - L_g . =190,0cm Load Type - End moments
LT buckling - L_g ., = 0,0cm Web stiffeners at 0,0cm
7

Ny PS8

1™ Z

Internal Forces

Case | Ngg [kN] M-,rfEd [kMNm] M, Eq [kn] V. Ed [km] v',",Ed [kN] | Ty [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

¥ z LT w :':',r :':z :':LT :':u-'.r k',r',r k',rz kz',r kzz

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

Noyrd | Mozrd | Mord | Vowrd
(6.47) | (6.47) | (6.55) | (5.2)"

243,5 428,7 11,32 129,2

Neg Ney M, ed 2,Ed

Case | Ny, rg | Nozrd | Mord | Viwrd
(6.46) | (6.46) | (6.54) | (5.10)7

1 0,86 0,49 0,00 0,00 0,86 0,00

To Eq. | To Eq.
(6.61) | (6.62)

*according to EN1993-1-5

N [\ M
Ed - v.Ed - ZBd 4 (6.61)

Xy Nrwe/YMa XLTMy Ric/ Vo M, ree/Yma

Nga M, ed M. g4
—+k : +k, : =1 {6.62)
Xz Nri/Yaa znyTMy.RL:."’ YMa Mg/ Vo
Design checks are satisfied: K = 0,85
Manual checks

lesp 190 n?EA  m?-21000-19,2
Tmin = 1,95 cm; A=——= —1’95 =97,44; N, = = = 97 442 =419,1 kN
7o [My_ (192235 0o b 0,34
= —_— = R ———— . ' - =0,
N, 4191 , ; KpWBa Ha U3KbJIYBaHE a

®=05[1+a(1-02)+2%] =0.5-[1+0,34-(1,038—0,2) + 1,038%] = 1,181
1 1

X: — = =0,573<1
®++/d2—-12 1,181 +./1,1812 — 1,0382
A 0,573-19,2-23,5
Ndez)(fy: =24‘6kN
' Ym1 1,05
Ngg 210
Npra 246
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All examples are 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 as well,
providing 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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