Steel Portal Frame EC3

Design of Steel portal frame structures according to Eurocode 3

Elastic analysis, with allowance for second order effects. Gravity loads, snow loads,
wind loads and imposed loads are considered. Analysis for seismic loads using lateral
force method and modal superposition spectrum analysis. Verification of the
members in ULS (strength and stability), deflection check SLS, all the load
combinations. Detailed design of bolted connection, purlin system, lateral bracing
system and concrete foundation. Parameters according to National Annex of

Eurocode.
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License and Copyright

If you do not agree with the terms of the following Disclaimer and License Agreement, return
the program before you install and activate it, to RUNET Norway as, within 30 days of
purchase for a full refund of software cost and sales tax.

Disclaimer

This software should be used only from experienced and licensed professional engineers. The
software must be considered as a helping tool for the designer engineer, and can never
replace the knowledge, the experience and the judgment of a professional engineer. The user
of this software must understand that no matter how advanced and well checked this software
is, he should carefully check the results and take responsibility of their use.

Copyright
This software is owned by RUNET Norway as, and it is protected by EC (European Community)

Copyright Laws and International Treaty Provisions. This software and the accompanying
materials must be treated like any other copyrighted material (e.g. book). It is allowed
although to make one copy of the Software for backup or archive purposes. You may not copy
and distribute the accompanying materials. It is strictly prohibited by law unauthorized
reproduction or resale of this software product and the accompanying materials.

Software License

This is a legal agreement between the legal user of this software and RUNET Norway as. By
installing this software you agree to be bound by the terms of this agreement. If you do not
agree to the terms of this agreement then do not install this software and return within 30
days after purchase, for a fully refund of your payment.

Scope of License
Each licensed copy of SteelPortalFrameEC3, must be used either on a single computer, or

installed on a single workstation used non-simultaneously by multiple people, but not both.
This is not a concurrent use license.

You may not rent or lease this software. You may not modify, adapt, translate, reverse
engineer, decompose, or disassemble the software. Any violation of this agreement terminates
your right to use this software.

Liability Limitations

SteelPortalFrameEC3, in no event shall be liable for any damages whatsoever (including
without limitations, damages for loss of business profits, business interruption, or any other
loss) arising of the use of this software. RUNET makes no warranties, either expressed or
implied, as to the quality or performance of this software, that the results and calculations of
this software will meet your requirements, or that the operation of this software will be error
free.

This software is a helping tool to aid you in the design of timber structures. The results of this
software must be reviewed and interpreted from experienced licensed engineers, and by no
means constitute an acceptable engineering design.

SteelPortalFrameEC3 and related documentation are provided "AS IS" and without
warranties as to performance or merchantability or any other warranties whether expressed or
implied. Because of the various hardware and software environment into which this software
may be put, no warranty of fitness for a particular purpose is offered.

Under no circumstances shall RUNET Norway as and its personal be liable for any direct or
indirect, incidental special or consequential damages resulting from the use or inability to use
of this software or related documentation, even if RUNET Norway as has been advised of the
possibility of such damages.

This agreement shall be governed by EC (European Community) laws. If for any reason a
court or competent jurisdiction finds any provision of this agreement, or portion thereof, to be
unenforceable, that provision of the agreement shall be enforced to the maximum extend
permissible so as to effect the intent of the parties, and the remainder of this agreement shall
continue in full force effect.

If this license is too restrictive with the laws of your country, do not use this software and
return within 30 days after purchase, for a fully refund of your payment.
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1 Design Steel portal frame structures according to Eurocode 3

Single-storey, one bay portal frames. Complete design according to Eurocode 3. All the loading
conditions and load combinations according to Eurocode 0 and Eurocode 1. Seismic design
according to Eurocode 8. Design of steel structure, according to Eurocode 3-1-1, steel joints
according to Eurocode 3-1-8, lateral bracing system according to Eurocode 3-1, and the
concrete foundation according to Eurocode 2-1 and Eurocode 7-1. Detailed drawings of the
structure and the connections.

2 Concept design

Elastic linear analysis, with allowance for second order effects. (Eurocode 3-1-1)
Gravity loads, imposed loads, snow loads, wind loads (Eurocode 1-1, 1-3, 1-4).
Seismic loads (Eurocode 8-1).

All the load combinations (Eurocode 0)

Analysis for seismic loads using lateral force method and modal superposition
spectrum analysis. (Eurocode 8-1)

e Verification of the members (rafters, columns, haunch) in ultimate limit state (ULS)
cross-section resistance and member flexural and lateral stability (Eurocode 3-1-1, 3-
1-3, 3-1-5)

Deflection checks in SLS, (Eurocode 3-1).

Detailed design of bolted eave, apex and base connections. (Eurocode 3-1-8)
Design of base anchoring (Eurocode 3-1-1, CEN/TS 1992-4-1)

Design of purlins (Eurocode 3-1).

Design of vertical and horizontal lateral bracing system (Eurocode 3-1).

Design of concrete foundation. (Eurocode 2-1, Eurocode 7-1)

Detailed drawings of the structure and the connections.

Copyright © RUNET Software ® www.runet-software.com 5
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3 Program features

e Automatic production of structure geometry with minimum data entering. All

necessary data on one screen.

e Analysis and design of the structure simultaneously solution with data changes. Error
messages for inadequate design in a specialized window. Design parts are marked OK

or error.

e Selection of National Annex, snow, wind and earthquake region.

e Material and code parameters can be modified.

e Tools for evaluating snow load according to EN1991-1-3, wind load according to
EN1991-1-4 and earthquake load according to EN1998-1-1 from environmental data.

e All the load combination for Ultimate limit state ULS (EQU, STR), serviceability limit
state SLS, and analysis for seismic loading according to EN1990-1-1.

e Full library with steel section profiles. Welded (fabricated) profiles can be used. Editor

for properties of welded (fabricated) profiles.

e Linear elastic finite element analysis with modified element stiffness for the haunch

effect.

e Imperfections with equivalent loads. Second order effects using a. and amplification

factors. EN1993-1-1 §5.2

e Complete design verification according to EN1993-1-1 for section classification, cross-
section resistance and member in plane, out-of plane and lateral torsional buckling.

¢ Design of bolted connections for Apex and Eave, and base according to EN1993-1-8.

e Design of column base joint according to EN1993-1-8. Anchoring system to resist
uplift forces according to CEN/TS 1992-4. Base connection can be pinned or rigid.

e Design of concrete foundation, according to EN1997-1-1 and EN1992-1-1.

e Design for seismic loading using both Lateral force method, and Modal superposition

spectrum analysis according to EN1998-1-1.

e Design of purlins. Continuous or simply supported purlins, lateral restrained or not.

The degree of restrain due to sheeting is evaluated.
o Design of vertical and horizontal lateral bracing system.

o Detailed report with diagrams of internal forces, connection drawings. References to
Eurocode paragraphs, report of analytical formulas and calculations. Table of contents.

e PDF and DOC export of the report.
e Report contents and design parts can be selected.

o Detailed drawing of the structure and the connection details,

e CAD tools to preview and adjust the drawings, with dxf, pdf and wmf export.

4 Eurocodes used in SteelPortalFrameEC3

EN1990:2002, Eurocode 0 Basis of Structural Design
EN1991-1-1:2002, Eurocode 1-1 Actions on structures
EN1991-1-3:2003, Eurocode 1-3 Snow loads

EN1991-1-4:2005, Eurocode 1-4 Wind actions

EN1992-1-1:2004, Eurocode 2 Reinforced concrete

CEN/TS 1992-4-1:2009, Design of fastenings in concrete, General
CEN/TS 1992-4-2:2009, Design of fastenings, Headed Fasteners
EN1993-1-1:2005, Eurocode 3 1-1 Design of Steel structures
EN1993-1-3:2005, Eurocode 3 1-3 Cold-formed members
EN1993-1-5:2006, Eurocode 3 1-5 Plated structural elements
EN1993-1-8:2005, Eurocode 3 1-8 Design of Joints
EN1997-1-1:2004, Eurocode 7 Geotechnical design
EN1998-1-1:2004, Eurocode 8 Design in earthquake environment
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5 Main screen

fay Single bay portal frame ( EC3 EN1993-1-1:2005) [CA\Program Files\RUNET\PFR\Projects\Ex30x730.SteelPortal - d
File Parameters Steelsections Design Report Setup Help Update
/' Desi EC3,EN19311: 2005 MA - National Annex | N& Eurorode EN
Name of design object PFR 01|
Buiding category Calegomy E [storage areas] v
Stuctural steel grade [EN19931-1 §3.2] s 275 fp=27EN /i u=430H/ .
Steel sections (EN1993-1-1 55
Steel section for column IPE 600 TF| |TB @ Standard sections
Stesl section for rafter 1PE 500 fid ) )
) Welded (fabricated) sections
1 Stesl section for bansverse bracing Looatondz | (L
| w0000 m , Loads EN1391-11, ENT398-11
Snow load on the ground [EN18811-3 54) Ske 0.772 | &]kune | ¢ lpine Region, z=1, A=300m, Sk=250kN/I
Desg0oinet Wind pressure on vertical suface [EN1991-1-454) ks 0911 & kun® [F~ | Eurocods EN, Ub,a=30 00/s
Bay width 5- L 30000 [ | Design of Members =
d = : Besuﬂ ﬂ; Purling wind inteinal piessure [EN1991-14 §7.2.8]  wi=Cpiqwhk= 0.400 /3] kiim?
_7am | esion of connections e
Total heightfmaz] m G ~I™ | Seismic design Load of roof covering (EN1991-11 | akl= 0.230 /5 kum=
H - 5389 |2 | Design of concrete fanting
Column height | 1 | 8 Hl 1™ (] Design of leteral bracing system Load of ceiing under the oof k2= 0,000 2] ke
Totallength L B= 72000 |&im
o = Seismic loading [EN19881-1 ] o= Ogrly 01604 34| Evwape, Seismic zone: 0, sq/a=0.160
Spacing of hames 5= 7200 |i3im Connections EN1333-1-8
Suppatts A® L0 End Plate [eave, apex) Thickness tp= 20 | &/mm | 5235 v
Haurch 2t fter cint Fuo oo v Balts, diameter, strength rade M[2¢ v| (88 v |Bokstengtharade
Lateral bracing of colurns Lmil< 3000 |[&m Base Plate Thickness th= 50 | Simm G235 v
Torsiansl estiains of afers (2= 6000 [Em anchorbols O IO plg® Man v (56 v Foksienghode
Cladding (Shesting) Sheeting thicknesstw=l 070 |=mm  Profile depth hw=| 400 |=lmm Cerart (e BRI , I _
e ConcreteStee] class C25/30 -BSOOC | [ Concrete coverCrom= 35 | = mm | %02| w3
Putling Pulin spacing 3.000  |[&{m  Purlin section|IPE 200 b if =
\ LT = = Column Base ci= 0900 | 2 m cp= 0750 [ Tm ch= 2000 T m @ 5w
S J ©) Puin aterally unrestrained ® Purlin lateraly restrained g b b e
I/( Foundament i A Bee 2500 [En] By 2800 Eim(] B 0700 |Fn ] @] 16 >
= s h
. ) Simply supparted purlir (@ Continuous purin Soi poperties P que 0250 &ume v 18000 & ke of 300008 =
Foundament depth hi= 2700 &m

Computations | [Vluto computation | [ Drawing

[& Report

SteelPortalFrameEC3 © RUNET® Vers.04.10/2014

B

Resistance to horizantal force

Registered user: RUNET Norway as, 01001-Y628-

() Steel tie at column base:

(®) Passive earth pressure:

5.1 Main window fields:

¢ Top main menu, with basic commands:
File, file handling, read and save data,
Parameters, design codes, national annex, snow wind and seismic initial values.
Steel sections, Library with standard and welded (fabricated) steel profiles.
Computations, Computations, selection of design parts.
Report, Report preview and printing, report contents and report setup.
Setup, for basic program options, selection (language etc.),
Help, help and manuals
Update, for automatic program update
e Bottom Bar
Computation performs all computations and design checks.
Auto compute, if checked the computations are performed as the data changed.
Drawing for CAD drawing of the structure and the connection details.
Report to show (preview) the report.
Report contents Adjust the contents of the report
e Window with wire drawing of the structure
The sketch of the structure appears and adjusted, as you enter the data.
e Window with design overview
Basic design parts are checked if the design is verified or not.
e Structure data and loads.

All the structural data, materials, sections, loads and load data are shown in the main
window. When you change data values and the Auto compute is checked, the
computations are performed simultaneously.

5.2 Structure data and load data

e National Annex
e Building category
[ ]

Structure dimensions, lengths, heights, frame spacing.

Copyright © RUNET Software ®
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Support conditions pinned of fixed base.

Haunch size, L/20, L/10, L/8, L/6.6 or 0 for frames without haunch.
Roofing dimensions cladding and purlins

Continuous or simply supported purlins

Spacing of lateral bracing for columns

Spacing for lateral torsional constraints for rafters

Steel grade
Steel sections for columns rafter and bracing. Selection from full library of profiles.
Standard or Welded (fabricated) profiles for columns and rafters

Snow load. Can be selected from snow region and altitude.

Wind loading. May be selected from wind region, altitude and terrain configuration.
Wind internal pressure

Roof covering and ceiling load under.

Seismic loading. May be selected from seismic region and ground type.

Connection data, plate thickness and steel grade, bolt characteristics.
Anchor bolt characteristics

Concrete footing dimensions and material.

Properties of foundation soil.

Horizontal forces can be resisted with steel tie at column base or passive earth
pressure.

6 10 steps - How to work with the program

1.

To avoid the computations being slow, uncheck Auto computation V]t computation on
the left of button line. If it is checked, the computations are performed at the same
moment you change some of the data, and your computer might be slow when it is
turned on. When the computations are completed, the full design of the structure is
done. If the computer is not very fast it may be a small delay when you entering data
if the Auto computation is checked. So until you enter all the basic data for the
structure and loads keep Auto computations unchecked.

Check the National Annex to be appropriate on the top right of the window. If not,

reset from Parameters/National Annex or click on 4 (Euposes s Bl

Check snow, wind and earthquake regions. If the regions are not right, reset from
Parameters or click on the corresponding fields.
Enter the basic structure dimensions and loads. If the structure is flat enter first H1

-
and then H. Select pinned or rigid base connection ‘;5* 7J”
haunch size as ratio of total length. 0 when there is no haunch.

Select Standard or welded (fabricated) steel profiles for column or rafter sections.

| Specify the

Specify steel sections. Click g’ to pre estimate the section sizes.

Click Eemulationz . If an error window appears with messages try to refine the
model by changing the cross-sections.
Check the window with design overview if all design parts are OK.

Preview the Drawing of the structure and details. | Drawing

Click & el to preview the design report. You can print the report from the
preview.

10. Check Auto computation’f‘”t':' computation Refine the design.

Copyright © RUNET Software ® www.runet-software.com 9
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7 Files

F=N Parameters
New, Open, Reopen, Save, Save As Mew ..

Cpen ...
A standard windows dialog is displayed, where you should select a file name. pen

Reopen, Keeps a list of the five (5) more recent files, to open them directly.
All the data of a project are saved in file *.SteelPortalFrameEC3. Save
After you opened an old or new file the changes are saved automatically.
In the folder /examples you will find examples of ready frame structures.

Reopen

2ave as ..,

Exit:

8 Parameters Steelsections Design Report Setup Help Update

MA - National Annex, MA Euroccode EM
Basic program parameters for materials, design Materials, 5355, C25/30, B00C, Dense sand v

parameters and regions for SnOW, W|nd and earthquake Design Parameters, Swe=1200, 8h<=H/150, yG=1.35, yQ=1.50 ’
IOading Snow load on the ground, Central West, z=1, A=100m, Sk=0.19kN/m"

Basic wind velocity, Eurocode EN, Ub,0=30.00m/s

Seismic design, Europe, Seismic zone: 0, agr/g=0.040

8.1 National Annex

Select the National Annex of the country you want to work. To do this first click Locked to
unlock. The various design parameters (load factors, material factors etc..) are set according
to the National annex. This does don affect the regions for snow, wind and earthquake, which
have to be selected from the next menu lines of the parameter menu.

8.2 Materials

Structural steel, Concrete, Reinforcing steel and Soils for the foundation. You can change
(edit) material properties.
In order to avoid accidental material changes the edit capabilities are locked. To edit, click first

% Haghs to unlock the edit capabilities. With ‘t' — you add or delete lines from the

. Feset .
property tables, with the original program values are loaded.
Reinforcing Steel (EC2 EN1992-1-1:2004, §3.2) Ex Concrete properties (EC2 EN1992-1-1:2004, §3.1) =
— fyk fik.c Es euk L Class foh fekc | foim  [fctk0.05 [icimD 95 | fetfl | Ivek . (3 w
Reinforcing steel Class [MPa] [MPa] [GPa] ‘ ot ‘ ml ‘ Pa] MPs] P Ps MPs] M3 Pa] 1GPa] 1GPs] rme)
cizng 1zm 1500 160 110 200 i 07 x 1 F]
s2a0 22000 220.00 200.00 250 14.00 C16/20 1600 000 1% 13 250 500 [ k<] 2 2 -]
5400 400.00 400.00 200.00 250 1400 mm =00 2 150
si00e 40000 40000 000 750 140 mlﬂmmmﬂ-
5800 500,00 500.00 200.00 2580 14.00
e mm mm | 3w 21| am | aw 0w w15 2
35005 500.00 500.00 200.00 7.50 14.00 C4O/50 anon 5000 380 250 480 320 045 k] 15 %
BEO0S 500,00 500.00 200.00 2580 14.00 =1 4500 500 380 2n 490 960 045 E % *
BE00R 50000 500.00 20000 1400 CH/) 500D EDOD | 430 20 5M M0 045 7 1 =
v mm mm | a0 am | sm | w0 os ® | 6 2
m
s mm mm | 40 a0 sm | w0 o 3 | 15
B450C 450,00 450.00 20000 14.00 Croes 000 ES00 L) EF-] &00 1040 045 a 18 -]
56707800 B70.00 800.00 200.00 7580 14.00 CR0/S5 E00D %0 480 340 &30 1040 045 ki % 5
cowe  om sm | so | am | sm | w0 os 3 | 16 2
fyk: characteristic yield strength, ftk c: tensile strength, Ex: modulus of elasticity, euk: maximum strain, L: steel bar length o Imh 20 days, fek.c: chai e Im ol e
B adrm vl et IR el kS, et gl £ mokher
Anchorages @ Locked || Byt || 2 Hep 7K || @ ocked| @i || 7 i

Soil properties B

: vd vs . c qa au Es Ks
soilbype kNm | kNm? ¥ Mimm7 | pumm | pimmd | MPa) L kNme]
Lage gravel 1600 2000 4500 000 030 050 80,00 015 200000
Mean gravel 1600 2000 4000 000 030 040 700 015 140000
Thin gravel 1600 2000 B0 000 030 040 6000 015 100000
Dense sand 185 2000 B0 00 05 030 5000 020 125000
Sand 1500 1900 3000 000 05 030 2500 020 30000
Loose sand 14.00 18.00 25.00 0.00 025 15.00 020
Clay 00 2100 2000 002 015 015 500 030
Clay 00 | 2100 2000 002 015 015 500 030 50000
¥y dry unit weight, v, saturated unit weight, ¢° angle of internal friction, c: cohesion,
q, allowsble bearing pressure, ,: bearing capacity, Es: modulus of elasticity,
W Poisson ratio, Ks: modulus of subgrade reaction.

x = 0K || @ Locked || EypPint | 2 Hep
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Steel Portal Frame EC3

RUNET software

8.3 Design Parameters

The National Annex parameters are set according to the
National Annex you select. You may although want to change
some of them, or specify some design considerations not

mentioned in the national Annex.

8.3.1 NAD parameters

Action coefficients for Ultimate limit states
EQU and STR.

National Annex parameters

ULS (EQU) ECO EN1990:2002 §6.4 Tab.41.24

[ Action coefficients | Load combination factors | Material factors | EN19931-1

. Action coefficient for permanent loads, unfavourable Yesup= 1.10
According to Eurocode 0 Table A1.2A and Table Yot 050
A 1 . 2 B . Action coefficient for variable loads, unfavourable Yo= 1.50
Click Reset to reset to National Annex values. ULS (STR) ECO EN1930:2002 §6.4 Tab A1 28

Action coefficient for permanent loads, unfavourable YGsup= 1.35
= = - = . &= 0850
Load comblnatlon coeffICIentS accordlng to Agction coefficient for permanent loads, favourable VG.ing= 1.00
EurOCOdeO Ta ble Al . 1 . Action coefficient for variable loads, unfavourable Ya= 1.50
Click Reset to reset to National Annex values
Material factors for Steel according to Eurocode R e e
3 §6' 1 Action coefficients ||| || Material factors | EN19931-1

. . Load factors ECO EN1990:2002 Tab.A1.1
Material factors for Reinforced concrete T = = 7
according to Eurocode 2 §2.4.2.4., used for the e oo areas) by s =
reinforced concrete in the foundation. CaliAjory,G(CoommonE i) 00D 070 1

Category D (shopping areas) 0.70 0.70 0.60
Category E (storage areas) 1.00 0.90 0.80

- - . Cat F (parki light <=35kN) 0.70 0.70 0.60
Material factors for Soil according to Eurocode 7 | Gisycemmssesmeamsmi=mom | o o0 o
Annex A. Used for the foundation design. e i - i

Snow loads on buildings (H<=100 m.a.s.l) 0.50 0.20 0.00
_Wlnd loads on buildings 0.60 0.20 0.00
National Annex parameters
EuI'OCOde 3] dESign pa rameters. Action coeffici Load combination factors | Material factors | EN1993-1-1
Eurocode 3 [Steel structures] EC3 EN1993-1-1:2005 §6.1
Lateral torsional buckling computations base on Y™ 1.00 Y 100 ™ 125
Eurocode 3 Eq 6 56 and Tables T 6 3 a nd T 6 4 Eurocode 2 [Reinforced concrete] EC2 EN1932-1-1:2004 §2.4.2.4
. 6.56, .3, 4. = =
(most common) Yl i
Eurocode 7 [Geotechnical design] EC7 EN1397-1-1:2004 Annex &
. i i Yu(EQU,GEO)= 1.40 Yy (EQU,GE)= 1.25
Lateral torsional buckling computations base on
Eurocode 3 Eq. 6.57, and Table T 6.5.
Method for Bending and compression. R ——
Method 1 Annex A or method 2 Annex B (most — _ :
Action coefficients | Load combination factors | Material factors
common)
Lateral torsional buckling (EN1993-1-1 §6.3.2.3)
Method of computation
()EC3EqBS56 (@ EC3EqBS57
TLT,D= 0.40 B=1075
Bending and compression (EN1993-1-1 §6.3.3)
Method of computation
(® Method 1 () Method 2 ) Method 1 and 2
Copyright © RUNET Software ® www.runet-software.com 11
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8.3.2 Parameters for Portal frames

Specify some parameters that are not covered from national
annex. Such as:

1. Deflection limits for Serviceability limit
state (SLS)

Parameters for Portal Frames

The limits for these deflections are usually defined in o e SR e ﬁlﬁ
the National Annex. EN1993-1-1 § 7.2 and EN 1990 Limit for horizontal deflection uc=H/2 f2- 1500
Annex Al.4 According to EN1993-1-1 these limits may Mesitum roof deecion in generel Winex<-L13 a0 T
be specified for each project and agree with the client. Aot ceflechon e o Yorenie s (Ut g 200
Usual values: vertical deflection L/200, horizontal bl b Th s L S s Rl
deflection H/150, vertical deflection due to bending Gokemn bucking
|_ / 200 . ®) Lateral and torsional buckling length at haunch bottom, or distance between torsional restraints
~) Lateral and torsional buckling length at system length or distance between torsional restraints (conserrvately)
Rafter buckling
®) Lateral buckling length at span the purlin spacing, torsional buckling the distance between torsional restraints
*) Lateral and torsional buckling length, the distance between torsional restraints (conservately)
H

It L

—L—

= —
i
M
—=—

—L—

2. Design parameters for buckling control

Columns
(1): (most reasonable default)
e In plane buckling, critical buckling length Lcr=system length points of axis.
e Out of plane buckling and torsional buckling and lateral torsional buckling, critical
buckling Lcr the column height up to the haunch, or the distance of lateral restrains
Lm1, if is specified smaller than the column length.
(2): (conservatively)
e In plane buckling Lcr=system length points of axis.
e Out of plane buckling and torsional buckling and lateral torsional buckling, Lcr the
system length or the distance of lateral restrains Lm1.

Rafters
(1) (most reasonable default)
e In plane buckling Lcr = system length. This s computed from the total span L and
the first buckling mode.
e Lateral buckling length at span the purlin space, torsional buckling the distance
between torsional restraints Lm2
(2) (conservatively)
e In plane buckling Lcr=system length
e Lateral and torsional buckling length, the distance between torsional restraints Lm2.

_/

e
b= =

[ L
[y I
At haunch bottom at system length

Copyright © RUNET Software ® www.runet-software.com 12
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8.4 Snow load on the ground

Default region and snow zone.

Click and select the snow region of your area. The
snow zone and the amplitude, and the
characteristic snow load value on the ground sk is
set according to Eurocode EN1991-1-3:2003.

8.5 Basic wind velocity

Select wind region and wind zone. The default
basic wind velocity is set.

8.6 Seismic zone
Default seismic region and seismic zone. The ground
acceleration a=a,/g is set.

Climatic region - Snow load

[ [celand

= Norway
Sweden, Firland " )

1 K. Fepublc of el | | O UK. Republs of reland

il O Iherian Peninsua

[ Central East

[ Mediterranean Region
[ Greece

() Europe
O lesland
() Norway
() Sweden, Firland

O Central West

() Central East

() Czech Republic

O Poland

(® Alpine Region ey

() Mediterranean Region

() Greece
® Snow Wind [ ok || X cancel
Snow load on the ground Sk (EC1 EN1991-1-3:2003, 84, Annex C) “
Snow zone Alitude above sea level
-2000m
o1
Q2
-1000m
@3
- om
045 -
A= 400 | Tim
Snow load on the ground
Sk=| 0824 |
Sk=0.1644(310.082+400/966=0.824 KN/n? Ok || X Cancel |
Basic wind velocity (EN1991-1-4 54.2) a
Euocode EN
Maximum -~ G j Zons<timte ) st OENORM EN
Wind / " Zone 1l 2110 23avs. Bulgaria 8D EN
Speeds ( - [ zonem 2310 258 Cyoruz VS EN
B zo0ew 2510270 Caech Republc CSN EN
. — Dermak DS/EN
) Fance NFEN
Fikand SFSEN
Gieecs ELOT EN
eelond ST EN
ey UNIEN
" Zerel Vb < 21 /s Norwap NS£N
\ Zorell 21n/sc Voo <23 Fmaria SR
Zorell 2/ oo 5l
(®) Unied Kingekm 85 EN
O Zorn ¥ Zmiec Wwho <27n/s
] ©Zu0V ZmiscWho T
SwedenSSEN
Basic wind velocky [EN1331-1-4 54 2) Vbo= 300 S misec Slavakia STN EN

V0K | X Cancel

Horizontal acceleration ratio (EC8 §3.2.2.2) “

0509
0409
0329
0249
0.169
0.08g
0049

0029

semizne 4| == 009 | ag=ooma-0zmwe

Copyright © RUNET Software ®

www.runet-software.com

13



Steel Portal Frame EC3 RUNET software

9 Setup

9.1 Language setup 9 Help  Update

Sets program language to Native language or English. Language Setup, English |

Set current data as Default-Initial values. Saves the
current structure data. When you start the program next Reset ..

time, these values will be loaded. If you, instead of
[Save], click [Reset] the Initial values from the program are loaded.

10 Computations

Click Computations |, perform all the
com putationsl-":"-'-r":':| comptation if checked the X Enor. Inadequate desian

Design of Purlins, Purlin deflections, Serviceabilty Limit State (SLS], Check is MOT werfied I=E=ly

com p u tatl ons are pe rfO rm ed at t h e same tl me th e data Design of Pulins, Puriin section, 1(41.36/43.38) “2.00+(5.83/3.27) 1.00=163 » 1, Check is NOT verfied

Fulin section. [EC356.2.9)

are changed. This may sometimes (|f slow computer) e el coecion LATSeLIZ00.0. Check s NOT vefad (EC3 572,

1)
ULS, Calumn, My d= 332.00 kNm > 77887 kNm =Myrd=Mplurd, Check is NOT verifisd [EC356.2.5)

delay the changing of input data. It is advised to i Mg e 332 0l 7.7 i, Check T erf
uncheck Auto com putation when you form the model S o, M 752,23 K> 77067 ki b, Check s NOT v [FC366.9.2)
. . ULE, Cobumn, Lateral torsianal buckling 1,073 1.000, Check is NOT verfied ([EC3856.3.269.(6.610)
and when you make a lot of input data adjustments. ot A e s i -

If the sections, plate thickness or bolt diameters, are not
adequate, an error window appears with appropriate error
messages for the verifications that are not verified. In addition
if you preview the report you will see in red extended error
messages at the place the calculations or verifications are
performed.

Dezign Overview

Dezign of Members =
Dezign of Purling =
[Dezign of connechions
Seizmic design

[Dezign of concrete footing
Dezign of lateral bracing system

LY [EAEY|EAEY RS

In the design overview window it is displayed which designs
are verified.

The program automatically increases plate thicknesses, bolt diameters
or foundation width to achieve design verification.

11 Report

Click & e and the full design report with detailed analysis, drawings and references
to Eurocodes is displayed.

Warning message, in red colour, appears in the report for the design parts for which the
verifications fail.
The report is organized in numbered paragraphs. Some basic chapters start on a new page.
From Report/Report setup you can select to start every chapter on a new page.
In the end of the report an extended table of contents is included.

b e )

i
-

You go front and back pages in the report or jump to a specific page wit

From the preview you can print all or part of the report, and export to PDF and Word file.

Copyright © RUNET Software ® www.runet-software.com 14
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s Print preview

- e o = n &g & s || |

i
-

B m |

|

| Clase

-

PFRA2MO20HA

FER 12/10/3014

1. Design codes

r Eurccode 1-3 Snow loads

» Eurccode 1-4 Wind accions

» Burccode

» Eurccode

+ Eurccede 3 1-8 Design of Joines

EN1882-1-1:2004, Eurccode I Reinforced conorete
EN1857-1-1:2004, Eurccode 7 Geotechnical design

v

0% Page 1 of 76 93‘%

Iy

In order to select a range of pages to be printed click

EN1230:2002, Eurocode 0 Baziz of Structural Design
EN1891-1-1:2002, Eurccode 1-1 Actionz on structures

3 1-1 Design of Jteel =tructures
r Eurccode 3 1-3 Cold—formed members
a

1-5 Placed struccural elements

2008, Design of fastenings in concrete, General
2008, Design of Eastenings, Headed Fastansxrs

The appearance, top or bottom logo, font, margins etc.., is adjusted from Compute-
Report/Report setup. It is advisable to don’t change the font used in the report. The font
already selected is courier new and it supports certain characters (Greek, mathematical
symbols) and it is fixed pitch font so the various formulas and tables are lined correctly.

The contents of the report are adjusted with .

You can select the drawings and the chapters that are included in the report.
By checking full, medium or short report you can fast select report configurations.

Options:

Structure drawing is the first wired diagram of the
structure, with the basic shape and dimensions.

Finite element analysis details gives detailed
description and output of the finite element model and
matrices, and better not to be checked/marked.

CAD structural drawing, CAD Drawing of structure
and CAD Drawing of details, are drawing in scale at the
end of the report.

Visible layers in drawing as in CAD, if checked, the
visible layers in the drawings in the end of the report are
the same as the ones checked in the CAD drawing,
otherwise all the layers are visible.

Table of Contents. If checked, a full table of contents is

Report contents

| Structure Drawing
| Loads Gk.Ok.Skiwk dawings
¥ Snow Load in Detail
1 'wind load in Dretail
I Load Combinations D etails
| Load Combinations S ummary
Finite element analysiz Details
| Finite element model drawing
+ Results of elastic analysis
MM N diagrams drawings
V| tode shapes drawinds
' Seismic analysiz, lateral force method
 Lateral force method, .Y M diagrams drawings
¥ Seismic analysis, modal spectium analysis
¥ Specturn analysis, M V.M diagrams drawings
| CAD Structural Drawings
| CAD Drawing of structure
| CAD Drawings of Detailz
o izible layers in Drawings ag in CAD
¥ Table of contents
! Deszign of Purling
| Deszign of connections
| Seizmic design

(®) Full repart

included in the end of the report. /I Diesign of concrete footing () Mediurn report
The last five(5) options Design of Purlins, Design of ¥ Design of laleral bracing system 0 report
connections, Seismic design, Design of concrete

footing, Design of lateral bracing system, are design 7 0K X Concel | | 2 Hep
parts which you can choose to be included or not. This is

only to include or not include these design parts in the
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report. If you don’t want to perform these design parts you have to uncheck them from Active

design parts.

11.1 Report menu

Compute Perform all the design computations.
Report Preview-print the report.

Report contents. You can select the drawings and the chapters to appear in

the report.

Report setup, font settings, captions, footnotes, etc.

., for report

Printer. Standard dialog to select printer, and printer properties

Drawing, opens the CAD drawing window.

11.2 Report setup

Setup  Hel

Preview report

Print report

Report contents ...

Report setup ...

Report, Adjust the appearance and contents of header, footer report margins and font.

Page setup, Select the Paper size, printing on both sides.
Paragraphs: Adjust the distance between the report lines, (usually for best appearance 4mm.
You can choose to have each chapter to start on a new page.

The errors appear in red or other colour.

Report setu
P P Report setup Report setup
Report  Page setup | Paragraphs | Graphics ete. | File Export
Repart | Page seup | Paragraphs | Graphics etc. | File Export Repart | Page setup | Paragraphs | Graphics etc. | File Export

1=} Header Page s Page oisnlalion Wertical lne distance (mm) B

O Detout ®Fou Line thickness-1 7=

) (O Landseape Line thickress-2 =

(® 44 2104297 cm Preview kind -
() 43 2344420 £ Simple Paragraph margin-1 0 2| Pasgaphmagn2  [2 2
(® Composie Paragraph margin 3 3 Pasgaphmagnd 4 3
O Letter 85411 in = =
) [IPint an both sides 0 Paragraph margieS 5 2 Pasgaphmagnd 0 (S

O Legal #5u1din Paragraph numbering in repart
Repart
L REzes Piint Enters in color @
[ ] Change page for each chapter
=
5 I t fer test
1=} Footer (P T Plain test in references
Align references at right
Resel Close % Hep
B Feset [2 Close ? Hep Feset 3] Close ? Hep
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12 CAD Drawings

By clicking @ Eli= you obtain the CAD drawing of the structure and the structural

details for the connections.

i} Portal Frame, Structure Drawing
View lapers Cu|  Scale ] e Ap= {[_HJ 5 5 =
View properties - @ @ a @ = L\\’ + E@ ] ﬂ =& \\? ﬁ
Viewproieet panel | gl of details| 125 [+ Gridsize [1000mm [~ (]2 = PO || WA | B >
~
% % Dirawing
(®) Structure and details
o g Frame stiucture
2l o | 2 Eave conhection
8 = Apex connection
= 12000 12000 W A )
aze connection
24000
Concrete footing
Scale 1:200 (mm) & E ave+hpex connections
=) =] )
2 2 _J) Eave+fpex+Base connections
(&} (s
g g
i : il
2000 /‘ 100 2000
r 100
e} ﬁ —
VAR Y
B, DO & ]
= |- = M M
M24 10.9|
w
=" I = A
T = 53 QI
N\ = _, Bl
g 0.9 200,
Apex connection Scale 1:25 (mm)
g 2 I
K 18 B0
200
Eave connes.'t.'gs %ﬁlgjis:mm] 700
i
et 1 — } =
£ >

#=8.226, p=-19.302, Orig¥M=3.760, Orig'M=-3.720, Xshiftt=1.260, vshifttd=24.740, *xscroll=0

With the CAD tools you can adjust the appearance of the drawings, print drawing in various

forms and paper sizes, export to DXF, PDF, WMF.

Select the kind of drawing to be included:
e Structure and details
e  Only structure
e Eave connection detail
e Apex connection detail

e Base connection detail

Visible layers are checked in the layer window.

The colour and thickness of the line, font size and colour, colour of DXF

layer are adjusted in the property window.

-Click on screen. When the hand appears as cursor, you can drag and

move the drawing up, down, left, right, by pressing the mouse.

D

&[S [ [ 5 [&] 5

D
G
R

L4

Drawing

(%) Shucture and details

) Frame structure

() Eave connection

() Apex connection

() Base connection

() Concrete foating

() Eavestipex connections

() Eave+tipen+Base connactions

? X

Layers
element:
2

|
etail

Conhections
Welds

Concrete Footing
Element axis

imensions
rid
einforcement of Footing

SCE'E .' Fl f . B ) Froperies of drawing components 2 X
- : = Scale of details) 1:25 adjust scale of drawing e e e
A Sreal clements 1My FEEy H-
or detalls' Detals 1 3 E LI
Connesions Ty 2 EE- LI
- welds 1y e Emy W~
Lt 4 ) . Concrets Foaiin TRy 2 EEe Ee
- X h move drawing, enable drag. Drag is i T mme | eEe Ee
enabled by clicking on the main drawing. Emems |y LEm- N
Grid )| v = M M4
. . . Reinforcement of Footing |1 (=1 M~ |8 2|l [Hv

=] cursor options and measuring distances. — N
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=l v Al

Preview, print, export to PDF, WMF, or DXF for
AutoCAD or other drawing programs.

You enter a new window. From the dialog box you
choose the options for paper size and panels
appearing at the side of the drawing. By clicking
on the drawing (when the hand appears as cursor)
you drag the drawing to the place you want to
appear into the printout paper. In order to have
right appearance or printing, the selected printer
has to support the paper option. In case you have
problems with right appearance try the paper
selection with dimensions. Eg. Instead of A2
Landscape try A2L 420x594. The adjustment of
the DXF layers is done in the property window. All  [sses
the layers are sent to DXF file.

13 Input Data

13.1 Materials 5355 Fy=35EM A Fu=51 M A %
Select the steel grade from the steel materials available. 5235 Fp=235M A fui= 260N Amré
M f th | ar. re incl in th 5 275 fu=27EM frone f=430M . mmé
ost of the used steel grades a e inc uded t e 2 J58 Er=355N o fuc 0N
program, and are loaded according to the national Annex &g N g e e
you select. You can add steel grades, or change S 279 N/ML  fu=275M /mn fu=390M /i
properties for steel grades in the menu 5 355 N/NL  fu=355M/mnf fu=4530M frmé
Parameters/materials/Structural Steel. The program g :Eg Hm:: :Pfiégﬁjmg :Ufgigﬁjmg
automatically sets the respective steel properties (fyk, T s e
. . S 275 M/ML  fy=275N/mnf fu=370M /mmé
fuk, Es etc.) The material partial factors yMO YM1, YM2, g 355 M/ML  fy=355N /mi fu=470N /mné
are set according to the national Annex selected. S 420 M/ML  fy=420M fmi fu=520N /mrr?

13.2 Steel grades included in the program

S 235 EN 10025-2 fy40:235;fu40:360

S 275 EN 10025-2 fy40:275;fu40:430

S 355 EN 10025-2 fy40:355;fu40:510

S 450 EN 10025-2 fy40:440;fu40:550

S 275 N/NL EN 10025-3 fy40:275;fu40:390
S 355 N/NL EN 10025-3 fy40:355;fu40:490
S 420 N/NL EN 10025-3 fy40:420;fu40:520
S 460 N/NL EN 10025-3 fy40:460;fu40:540
S 275 M/ML EN 10025-4 fy40:275;fu40:370
S 355 M/ML EN 10025-4 fy40:355;fu40:470
S 420 M/ML EN 10025-4 fy40:420;fu40:520
S 460 M/ML"' EN 10025-4 fy40:460;fu40:540
S235W EN 10025-5 fy40:235;fu40:360
S355W EN 10025-5 fy40:355;fu40:510

S 460 Q/QL EN 10025-6 fy40:460;fu40:570
S 235H EN 10210-1 fy40:235;fu40:360
S275H EN 10210-1 fy40:275;fu40:430

S 355H EN 10210-1 fy40:355;fu40:510

S 275 NH/NLH EN 10210-1 fy40:275;fu40:390
S 355 NH/NLH EN 10210-1 fy40:355;fu40:490
S 420 NH/NLH EN 10210-1 fy40:420;fu40:540
S 460 NH/NLH EN 10210-1 fy40:460;fu40:560
S 460 NH/NLH EN 10210-1 fy40:460;fu40:560
S 460 NH/NLH EN 10210-1 fy40:460;fu40:560
S 460 NH/NLH EN 10210-1 fy40:460;fu40:560
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13.3 Cross-sections

Specify the cross section for the
columns, the rafters, purlins and
transverse bracing.

All the standard hot- rolled or cold-
format cross sections are included.

Click ﬁ , and the library with the
standard section will open.

You select the section type on the
left tree and at the same time all the
sections of this group with their
geometric properties are displayed
on the right window together with
the section drawing in scale.

Section geometric properties are
calculated precisely including fillets.

The notation is shown at the drawing at the low left window.

13.3.1 Estimate of member sizes.

¥’ standard steel sections [tables) E’\
_Simdomatoa coctons (lables] wEa [ n | [ o] a6 | v [web] w || e | we [wee| & [aw| 0 [ wm |
- — e [ o [ | [ [ o o [ o [ | [ [ [ ||
e I IFEA 80 78 4 33 42 50 638 SO0 G438 165 1838 318 307 665 298 463 104 414 0416 W77
I FEAIO 9 55 35 47 70 678 630 1412 B TN\ 0 44 132 477 78 1z 55 O3 26
I PEAIZN ne 64 3B 51 70 M0 BTD 574 4377 4907 483 541 2233 700 1098 142 B34 104 50
I PEAMO 1% 73 38 56 70 1M 105 449 SN0 7160 5 621 HA2 W ISR U5 6 1% 1577
I PEAT0 157 @2 40 53 90 1618 127 633 6781 903 65 780 M4 1Z A7 18 1020 1% 305
I m w43 65 a0 1 isd 108 1m0 1m3 13 S@ 663 00 2% 205 1240 2m 59 |
T PEAN0 137 100 45 70 120 2347 184 1591 1616 1817 620 1L 1172 243 K5 223 MM 41 1053
T PEAZD 27 10 S0 77 120 2825 222 237 2135 02 905 1355 74 A7 448 246 1279 563 1470
T PEAMD 2y 1 52 A3 180 B 262 320 AT G 9M 16N M1 M@ G40 268 A &R N
T PEAZD 257 135 55 87 150 3S 07| 4317 BAI 4125 112 1875 BAO SN @M L ME 1010 NS
T PEAJD 27 150 61 92 150 4651 365 7173 4611 5418 1242 2225 5190 EAA 1073 3% A6 1343 107160
T PEATN | 7 10| 65| 100 180 6474 421 | 10230 657 M9 1367 e s o cmn ool el e cmend
S T PEAID 3@ 170 66 115 180 63% 502 14520 €11E 68 1507 e —
4 & poria I FEAND 3w 1@ 70 120 20 N0 ST4 A0 102 V1M T8 e . I
:gn_;;:mmm- I PEASD 4 150 76 131 210 55 672 23760 130 143 1865
@ ) D=TH.01016 mm I IPEAS0 457 200 84 145 10 011 734 42330 1728 1945 2061
I PEAS 57 20 30 157 200 173 %1 w0 21% 25 2@ ¢ IPEA180 ”
k I PEASID 57 220 98 175 240 1370 1030 82810 2T 3141 2460

[ check 0100 | =] shom stee section diswing

(e | v | o)

Click g" and you get a rough estimate of member sizes for the structural elements of the
structure with the dimensions you have specified. You can start with this estimate to continue

for better design.

13.3.2 Standard types of cross section profiles included in the program

= I IPE

T IPE Ewonom 1957

I IFEA

T IPED

I IFEY

T IPE 750

HE

HE A [IPE1) Euronarm 53-62
HE &b

HE B [IPE] Euronomm 53-62
HE M [IPB+] Euronom 53-62
HE Euroharm 53-62

HL

HHHHHH

H
T

D

T HD

T HD ASTH AR/ B

HP

T HF

IPH

T IPN

Wi [AS T}

T W ASTM ABA BM

I w ASTM ABMS EM

T W ASTH ABA B

LB, UC[ES]

T UB BS 4 part1-1993

T UB BES 4 part1-1993

T UC BS 4 part 1-1993

= |E u
C upPN
L UAP NF & 45-255
C ure

= |]=I L
L L equal angles Euronom 56-77
L L equal angles Euronom 5677
L. L equal angles Euronom 56-77
L L unequal angles Eunonom 57-78
L Lunequal angles Evronorm 57-78
L Lunequal angles Euranorm 57-78

=0

=-0

=-0

=-[0 hat ralled

O 4060 mm DIN 53410

O 70-80mm DIN 53410

O 90100 mm DIN 59470

O 110-120 mm DIN 59410

[0 140-150 mm DIN 59410

[0 160-180 mm DIN 59410

[0 200-220 mm DIN 53410

O 260-400 mm DIN 59410

hat rolled

O 5030 - 70440 m DIN 59410
O 20x40- 90:50 m DIN 59410
O 100480 110460 m DIN 53410
O 120460 12080 m DIN 53410
O 140570 140480 m DIN 53410
O 150100 mm DIN 53410

O 160x20 160x90 m CIN 53410
O 180x100-200=120 DIN 53410
O 220120-260:140 DIN 53410
O 260:180-400:260 DIN 53410
cold formed

O 20- 55 mm DIN 59411

O 6090 mm DIN 59411

[0 100-125 mm DIN 59411

[0 140-180 mm DIN 59411

[0 200-260 mm DIN 59411

O 280-400 mm DIN 59411

cold formed

O 30:20- 50x40 m DIN 59411
O B0x20- 70:50 m DIN 53411
O 8030 - 90470 m DIN 59411
O 10040 -100x80 m DIN 53411
O 110470 1204100 DIN 59411
O 120:110-140=80 m DIN 53411
O 150440 160480 m DIM 53411
O 160x90 -180x120 DIN 53411
O 200240 -2004150 DIN 53411
O 22080 -250x150 DIN 53411
0 260x180-500300 DIM 53411

=62 D=10.2- 33.7 mm

R B O

& D=10.2mm
& D=135mm
& D=16.Omm
& D=17.2rmm
) D=19.0mm
& D=20.0rmm
&3 D=1.3mm
£ D=25.0mm
£ D=26.9mm
&3 D=30.0mm
& D=31.Bmm
& D=33Tmm
0 D=238.0-63.5 mm
) D=38.Omm
2 D=42.4rmm
) D=44 5mm
&) D=48.3mm
&3 D=51.0mm
&3 D=54.Omm
& D=57.0mm
&3 D=F0.3mm
&3 D=63.5mm
3 D=70.0- 839 mm
&3 D=70.0mm
2 D=73.0mm
&) D=TE.1mm
3 D=2 5mm
&3 D=88.9mm
& D=101.6-159.0 mm
& D=168.3-193.7 mm
&% D=219.1-3556 mm
3 D=406.4-50%.0 mm
23 D=559.0-560.0 mm
3 D=771.0-1016 mm
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13.3.3 Welded (fabricated) cross sections

If you specify (check) welded cross sections for the columns and rafters, the library with the
cross sections defined from the user appears to select cross section. This library is updated
from the menu Steel-sections/Welded sections.

5 Sizzl el ‘ h | b | w | if | 2 ‘ A ‘ G ‘ Iy ‘ iy ‘ Wely ‘ [ | fvz | Iz | we | Welz ‘ iz ‘
i, [ [ om | ow [ ow [ o [ o [t [ ow [ o | o [ o [ o [ [ [ w0 | o |
T pox s 100 80 B0 B0 50 134 102 1993 3967 4738 391 552 1682 B73 1078 114 229
T userl200 0 10 B0 80 50 ZAD4 212 1787 1787 2044 813 1152 1987 2673 #8822 472
T userl300 0 150 80 100 50 5240 412 7773 G182 5918 1218 2320 5637 7516 1170 328 3000 1478 118286
T userld420 40 5 80 100 50 8500 EE8 2864 1254 1407 1767 3280 3103 2342 375 B4 6300 2449 1303443
T userlso0 500 0 100 100 70 800 770 3923 1659 1801 2001 4300 2608 2087 3245 616 5000 3235 1563161
T userl600 B0 30 100 100 70 1180 827 B8478 2283 2611 2409 5300 4605 3003 4645 B18 G000 392 391615
b T userl7o0 T | B | 120 | 120 | B0 TEST | 127 13030 378 4% B3| 25| 855 | 06| Tt St vl
’%“ T userlso a0 40 200 200 B0 320 261 31657 7914 9128 3&5 1560 21384 1069 R X soc
[ ey o R T userlso 0 450 300 300 100 6220 4100 653285 14651 17037 3554 2610 45752 203 54
I userf2de B4 0 B0 120 B0 10R0 4B TMB03 302 336 3H T I A o 25
tyy il I userf2d 8¢ | 240 | B0 | 120 | B0 1056 629 1205582 296 3299 373 4872 2766 2305 85
¥ h
/T
show steel section drawing 7 0K

Click at Edit to update or change the properties. ‘t' ™ | to add or remove sections. In the
window that appears, enter the name of the profile and the values for total height h in mm,

total width b in mm, web thickness tw in mm, flange thickness tf in mm, and weld seam a in
mm.

Welded section E‘
Cross-section type welded (200
| 100 |
Section depth b fmm] 200,00 m
] | | 1T Section width b [mm] 100.00 mm
= | . Section web thickness  tw [mm] 600 m
| Section flangs thickness i [mm] 00 m
| Weld almm] 5.00 i
‘ elded section
welded 1200 TLE Cross-section welded I200-5 355
Dimensions of cross section
‘ Depth of cross section h= 200.00 nm
‘ Uidth of cross section b= 100.00 nm
eb depth hw= 184.00 mm
J_ . Depth of straight portion of web dw= 169.86 mm
—_—— - — g Ueb thickness ty=  6.00 m
‘ Flange thicknass tE= 8.00 mm
Radius of root fillet r= 5.00 mm
‘ Mass = 21.24 Kg/u
Properties of cross section
‘ Area A= 2704 un*
‘ Second monent of area . 7BESE007 wm*4
.3366E006 wn*4
‘ Section modulus 176589 un’
26733 wn?
‘ Plastic section modulus Upy= 204384 mm®
Tpz= 41656 mn?
‘ Radius of gyration iy= 81 un
| iz= 2z mu
Shear area hve= 1152 un*
‘ Avy= 1600 wn*
] | Torsional constant It= 47169 nn*4
| ip= 84 mm
z Warping constant Tw=1.2Z88E010 wn*6
Ueld a= 5 un
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13.4 Structure data

Drezign O werview

By wickh e L= 30000 [Em |5 peaon ofembers =
Tatal height{max] |/|qu\\|| H= 7300 = : g:izﬁ?cncflei?;:eiztinng.
N LR LS O e
Toallength - B< 72000 &/

Spacing of frames = 200 | 2m

Supports é’ O] i g

Haunch at rafter joint F L0 0706l W

Lateral bracing of columnz Lml= 2000 | &m

Tarsional restraing of rafters LmZ= B.000 | & m

Cladding [Sheeting] Sheeting thickness tw= 0.70 = mm  Profile depth hw=| 40.0 - mm
Purlin Purlin spacing 3.000 |5 m Purlin section IPE 200 g

B,

k.
b\/j/ () Purlin laterally unrestrained (@) Purlin laterally restrained

() Simply supported purlin () Continuous purlin

13.4.1 Basic structure dimensions

Bay width L [m], the distance between column axes.
Total height H [m] and column height H1 [m] at axis
points. If the frame is flat then H=H1. In this case
specify first H1 and the H equal to H1.

Total transverse length B [m]. Is needed to evaluate
the loading on the lateral bracing system, from wind or
seismic loading.

Spacing s [m] of frames, transverse distance of
column axis. Is uses as free span for purlins. For n
frames B=(n-1)s.

Type of support. Pinned or fixed. Most common is the pinned support. The base connection
and anchoring is simpler and the foundation smaller. In case of fixed support the base bending
moment can be quite large for the base anchoring system or the fundament.

The size of the haunch is specified by selecting one of the ratios
(1/20, 1/10, 1/8, 1/6.6). This represents the horizontal size of
the haunch measured from the axis of the column to the start
point (h=raft height). The height of the haunch at the point of
the junction with the column flange is always set to 2 times the
rafter height (2xh). If you don’t want to specify haunch (as in -
flat frames) select the last option OxL.

o

Lo

The cladding is supported on purlins. The thickness of the sheeting
tw [mm] and the profile height hw [mm] are used for estimating the
degree of lateral restrain of the purlins.

The spacing of purlins is the distance between the purlin axes. The
section of purlins must be a symmetric section. If you select purlin
laterally unrestrained then the possible restraining of the purlin due
to sheeting is disregarded. If you select purlin laterally restrained
then the restraining due to sheeting is evaluated and used for wind
pressure (sagging), and for the purlin is considered laterally
unrestrained for wind uplift (hogging). For the evaluation of the
dimensioning bending moments and shear forces you may choose Simply supported purlin or
Continuous purlin. In the second case the purlin is considered continuous over many spans.
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The spacing of the lateral bracing for columns and torsional bracing for rafters is used for the

lateral-torsional buckling design.

Check the way they applied in parameters/design parameters.

13.5 Loads

The program automatically forms and evaluates all the load combinations in ultimate limit
state ULS (EQU,STR), and serviceability limit state SLS. The partial factors for loading and
load combination factors are taken according to Eurocode 0 and National Annex. The basic

loads are:

Load: EM1331-1-1, EM1333-1-1

Snow load on the ground (EN1391-1-3 84) Sk=| 0.772

wind pressure on vertical surface [EN1991-1-4 §4) gwk= 0.911
wind internal prezsure [EM1991-1-4 §7.2.9)
Load of roof covering (EH1991-1-1 ) gkl= 0.230
Load of ceiling under the roof gk2= 0.000

13.5.1 Permanent loads

e
-
s
b
wi=Cpi-qwk=| 0400 | %5 kN/m?
s
-
s
-

kN/m® | ¢y | Alpine Region, z=1, A=300m, 5k=250kN/m¢
ktim® | F7 | Eurocode EN, Ub,o=30.00m/s

kNS

kNS

e Load of roof covering [kN/m?] It includes the weight of the sheeting, purlins and insulation

materials.
Load of ceiling under the roof [kN/m?|

o self weight of frame elements, calculated by the program from the element cross

sections with Unit mass p= 7850 Kg/m3

13.5.2 Variable loads

e Imposed load according to EN1990-1-1 Tab 6.1, calculated by the program according

to the selected National Annex

e Snow load according to Eurocode 1-3:2004

The characteristic snow load on the
ground sk is specified in kN/m2.

Click fﬁ\f, and a special dialog window
appear. In this window you set the snow
zone and the height above the sea level.
The characteristic snow load on the

ground is computed according to

Eurocode 1-3:2004, and the National
Annex. The snow region can be selected
from Parameters/snow load on the

ground. The snow load on the roof is
computed according to Eurocode 1-3:2003.

e Wind load, according to Eurocode 1-
4:2005

The wind pressure on vertical surface is

specified in kN/m2. Click ™y and in this
window you compute the wind pressure
from the wind velocity and the
topography of the region according to
Eurocode 1-4:2005.

The wind load is computed for various
places at the roof and the vertical walls
according to Eurocode 1-4:2005 §7.2.5
and Tab 7.4a and Tab. 7.1.

Snow load on the ground Sk (EC1 EN1991-1-3:2003, 4, Annex C)
4 Snow zane Alitude above sea level
2000m
@1
2
-1000 m
3
. om
045
A= 100 (2w
Zone
= Snowload on the ground
L2
R Sk=| 038 aume
=D, 4364(1}:0. 2051 +{1 00452 ]=0. 303 kM /e T X Cancel
Vind peak velocity pressure (EC1 EN1981-1-42005, 845) a
[P — T T e
s R ? -
™ // . B ATt [0
= 4 raff! :
/ ‘! ” constal aws sxposed o the open see

ER-R-E-R-R- X

£ || K s
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The wind region, which specifies the wind velocity, is selected from Parameters/Basic wind
velocity.

Wind internal pressure wi in kN/m2. This is internal pressure and it acts from inside
outwards on the walls and roof. It is subtracted directly (without further multiplication by
pressure coefficients) from any uplift wind pressure on the outside surfaces.

13.5.3 Seismic load Eurocode 8-1:2004

Seismic coeffisients (EC8 EN1998-1-1:2004) n
The program performs a verification of the = Eure o Erm e G D
structure under seismic loading, using both Lateral | ssme=n o | =3 Terety pastend
iy orizontal acceleration ratio fg=
force method, and Modal superposition spectrum jommsmenEiRzen  eETIRD )
= .ﬂ Vetti shoriz. aceeleration [EC8 §32.2.3) oyglotg= 045 |2 ——[harizontal]
. 0= ung."g 0160 = " Fiesponse spectrum parameters (EC8 §3.2.2 . [_\ —— fuertical]
anal sis. - . . Importance factor (ECB §3.21. T.4.3) =10
y . . . . . . S fastor fhorzantal) ECE §3.22.2) s=1m |2 S43tmy
Basic value used in the seismic design is the ratio I = *
-l‘ﬂ Behavior factor [horizontdl] [EC8 §3.2.2.5) ap= 150 |5 r\ 31132
of horizontal seismic acceleration. Click .## and a ey fctr el sl |2 .
speCial d|a|09 window appears where you may in Fundamental vibration period (ECB §4.3.3.22.3) T=[038 —Snpemu:l;;e 1—Tieec) 2
detail specify all the necessary seismic parameters | FrodsebimemiEmses - BOF 20 = | Gy O
! N . Spectral shape factor [vertical] (EC8 §32.2.3) p(M,= 3o |5 Ground type [ECB T 32.7.33)
(soil factors, spectra periods, behaviour factors, Lt Frcs oo 258332 | Eeydem s gerds iy .
. . Correction factor [ECS 54.33.2.2.1) A= 100 O Characteristic spectral periods
etc) for the deSIQn speCtruml accordlng to Force distibution (EC8 §43.3.23) L= WiLp W= 150 | = H[]zm;”u?s” [v;;:a‘]m
Eurocode 8-1:2004. Fr=agnS Bid Lha,  F,=layage fel C o LOE e
Response sgechum.garamelers ECO §6.4.3.4] i = |mportant classes [ECB T.4.3)
Live load combination factor (ECO T.41.1) Y= 030 O I Ordiner buidings v
Snow load combination factor (ECO T.41.1] 2= 020 :
Reset A Cancel ? Help
13.6 Connections
Apex and eave E°|t'd | Connections EN139313
connections with end plate End Flate [eave, apex) Thickress tp= 20 | mm |5 235 w

are designed to resist

moment and shear forces. Buoltz, diameter, strength grade M(24 v 8.8 v |Bolt strength grade
For the apex and eave Base Plate Thickness th= 50 | mm | 5 235 v
connection the end plate Anchor baolts Ef::i' E':::' é'@:‘ M(30 v 5B v Bolt strength grade

(thickness and steel grade)

and bolts (diameter, grade) are the same. The thickness of Apex and eave end plate should be

at least as thick as the flange thickness of the rafter and column section. At the base of the
haunch, a stiffener is designed to resist the increased compressive forces.

Base plate bolt-connection is designed for the column over the concrete foundation. The
anchor bolts are designed to resist shear and pullout forces due to uplift wind or seismic
forces. CEN/TS 1992-4-1:1992 and CEN/TS 1992-4-2:1992 are used for the design of the
fastenings in concrete

The holding down anchor bolts of the base plate are extended with anchors. The anchor
system can be (simple hook, bended hook or washer plate). The hook type anchoring (first
two choices) cannot be selected for bolt grade with fy>300N/mm2 (M>5.6), according to
Eurocode 1993-1-8:2005, 6.2.6.12 (6).

The program will, if it is necessary, increase the diameter of the bolts or the thickness of the

connection plate to satisfy the design checks. Connections are designed according to EN1993-
1-8.

13.7 Foundation

The concrete footing has to be designed to resist soil pressure for maximum vertical load, and
it must have enough weight to resist uplift (from wind or seismic forces).

e Reinforced concrete properties
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7] HC2
Click II?‘ and select concrete and steel class. Click to select concrete cover Cnom
[mm]

e Fundament dimensions Specify the dimensions of the short column above the
fundament cross-section dimensions cx and cy and height ch, and next the diameter of
the column main reinforcing bars for the CAD drawing.

Concrete footing EM1352-1-1 . EM1337-1-1

Concrete-Steel class C25/30 - B500C IE‘ Concrete coverCroms=| 35 |23 mm | <02 | p=h
Column Base oo 0,900 5m cy=| 0750 | 5m ch= 2.000 |5 m @i 25 |-
Foundament L%E: Bu= 2500 |3 m[] By= 2600 |3 m[] BEh< 0.700 3 m[] Zi 16 ||w
Sail properties L — By—— © que 0280 A wmeE oy 12000 ke p| 30,000 2 =
Foundarnent depth hi=| 2.700 |4 m

Resistance to harizontal force (") Steel tie at column baze (®) Passive earth pressure

The dimensions of the fundament Bx width lengthwise, By width in

transverse direction, Bh the height of the fundament, and the size of the E‘
reinforcing bars of the fundament. The program may change the footing T .Lh
dimensions chosen by the user to fulfil the design criteria for the hf Bh
foundation design. If you don't want a footing dimension to be changed L
then check the box next to the dimension. —B—

e Soil properties, soil bearing capacity qu [N/mm?], soil unit weight y KN/m3, and soil

angle of internal friction ¢, can be selected by click a .

e Foundation depth hf is the depth of the bottom of the fundament. This depth is used
for the computation of the passive earth resistance.

The high horizontal forces acting at the base are acting outwards as a result of bending in the
columns due to vertical loading on the roof.
This is resisted in two ways. ” ”

e Steel tie at column base A tie cast into the floor slab
connected to the base of the columns. This should be (.h f
considered more safe method to resist the horizontal forces
at the base of the columns

e Passive earth pressure on the side of the foundation.
In this case the earth filling and compacting on the side of

the foundation must be performed carefully, so that the .
passive earth pressure is not reduced. The fundament Hed 1 1
transverse width By and the height Bh are used to compute +—

the active area for passive earth pressure.

Fpr
It is advisable to check the desired fundament height Bh on the side —»

and let the dimensions Bx and By to be adjusted by the program. Bx
and By are adjusted so the fundament weight has enough weight to
resist uplift, (the foundation is also an important factor). By is
adjusted also for adequate passive earth force to resist the
horizontal base force outwards.
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14 Design Considerations

Active parts of the design.

e Design of members (always active) Active ?es'gn PELE £
e Design of purlins v g:z:g: EF E&?ﬂiﬁm

o DESign of connections | Design of connections

. Seis_mic design . :geis.mic c:esign o ot

¢ Design of concrete foundation 7 Dgzlgﬂ of E?ngb?a;ﬁ;”istem
L ]

Design of lateral bracing system

On the design overview you can see the various parts of the design. A green check OK shows
that this part of design is verified, a red cross shows inadequate design. If there are no marks

then this design part is not active. Active design parts are selected by click at = or from the

report contents, .

15 Error messages

When the verification checks are not satisfied, error messages appear in red in the report and
in a special window that appears on the main screen. These errors are:

acr=Fcr/Fed<3, Change cross-sections, or perform second-order analysis §5.2.2.1
Second order effects are significant in dynamic analysis EC8 §4.4.2.2(2), 6>0.2 and
second order P-D affects must be taken into account with a second order analysis. If
06<0.2 the program uses the multiplier 1/(1- 6) to take into account the second order
effects.

e Limit for Vertical deflection is exceeded. (SLS serviceability limit state EC3 §7.2.1).
The limit value can be st in menu Parameters/design parameters

e Limit for Horizontal deflection (SLS serviceability limit state (EC3 §7.2.2). The limit
value can be st in menu Parameters/design parameters

e verification of cross section resistance Ned<Nrd, Ved<Vrd, Med<Mrd are not satisfied
, (EC3 §6.2.4, §6.2.5, §6.2.6) and combined Ned+Ved+Med (EC3 §6.2.9, §6.2.10) If
not satisfy you must change sections for column or rafter
verification of Buckling check compression, Nc,ed<Nb,rd (EC3 §6.3.1)

e verification of Bucking check bending, My,ed<Mr,rd (EC3 §6.3.2)

e verification of Lateral torsional buckling equations 6.61 and 6.62 , EC3 §6.3.2. if the
buckling checks are not satisfied you must select stiffer cross-sections for column or
rafter or you must reduce the spacing of lateral restraints
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16 Short theoretical overview

16.1 Design Loads EN1991:2005 :

16.1.1 Permanent loads EN1991-1:2005

Weight of the roof system (sheeting+purlins+insulation)

Weight of the ceiling structure (if any)

Self-weight of the portal frame elements (calculated by the program)

16.1.2 Imposed loads EN1991-1:2005
A distributed imposed load gk according to Eurocode 1 EN1991-1-1 Tab 6.1 is considered on
top of the roof.

16.1.3 Snow load EN1991-3:2003 &l
Snow load is computed according to Eurocode 1-3 EN1991-3:2003, from the
characteristic snow load on the ground and the roof slope.

s=p; Co Cr sk (EN1991-3:2003 §5.2) [kN/m?2] -
0.8

The three characteristic load arrangements of EN1991-3:2003 §5.3.3 are

considered in the load cases. If the frame is flat (a=0°) one load
arrangement is considered s= 0.80 C. C; sy.

The characteristic snow load on the ground sy can be defined directly by
selecting the snow region, snow zone and the altitude, according to py(a,) (cw)
EN1991-3:20 Annex C. ()

nl

0° 15" 30° 45° 60° o

The snow load arrangements according to Eurocode 1-3 are a%
Flat roofs. Load case (I) (mn
Pitched roofs Load cases (I) (II) III) m(@) 054 (ay)

If the roof slop is low, only snow load arrangement (I) is 1y
necessary. The limit slope for this is angle a=2°. You can I

set this angle to a bigger value at Parameters/Design
parameters/ parameters for Portal frames.

ay,  a,l

16.1.4 Wind load of EN1991-4:2005

Wind load is computed according to of EN1991-4:2005 §7.2.5 from the wind peak velocity

pressure q(Z) 1060 1080

a
@
m

Wind pressure on surfaces we=q(z)-Cpe [kN/m2]

The wind pressure coefficients Cpe are computed from EN1991-4:2005
Tab.74a for roof surfaces and EN1991-4:2005 Tab 7.1 for the vertical wall |:> H 4
surfaces.

The wind peak velocity pressure q(z), can be defined directly from the wind
velocity the terrain roughness and the oreography. According to EN1991-
4:2005 §4.5 and Annex A.

4200 m

3.50
T

The wind pressure or underpressure on roof and wall surface are computed
according to Eurocode 1-4. For roof slopes (a<=8°) one load arrangement is
considered. For higher slope values two wind load cases are considered

according to the pressure coefficients of Table 7.4a of Eurocode 1-4.

The specified internal pressure is always added (increase underpressure) to |:>
the external wind pressure situation.

16.1.5 Earthquake loading EN1998-1:2004 #00m
The earthquake loading is defined from the ground acceleration and the
design spectrum according to Eurocode 8 EN1998-1:2004. “_]__|_.|._

Copyright © RUNET Software ® www.runet-software.com 26



Steel Portal Frame EC3 RUNET software

16.2 Design load combinations EN1990:2002

All the necessary load combinations defined in Eurocode0 EN1990:2002 are considered and
the resulting design forces are checked in the strength verifications.

16.2.1 Load combination factors (EN1990 Tab.Al1.1)

Category H (roofs) Qk wo0=0.00, w1=0.00, w2=0.00
Snow loads on buildings Qs wo=0.50, y1=0.20, w2=0.00
Wind loads on buildings Qw wo=0.60, w1=0.20, w2=0.00

16.2.2  Ultimate Limit State (ULS) (EQU)

Ed = yG-Gk + yQ'Qk1 + yQ-wo-Qk2 (Eq.6.10)
yG,sup=1.10 (Unfavourable)

yG,inf=0.90 (Favourable)

yQ =1.50 (Unfavourable)

yQ =0.00 (Favourable)

Load combinations (ULS)(EQU),

Permanent load Gk, Imposed load Qk, Snow load Qs1,Qs2,Qs3, Wind load Qw1,Qw2
L.C. 101: 1.10Gk+1.50Qk (Eq.6.10)

L.C. 102: 1.10Gk+1.50Qs1 (Eq.6.10)

L.C. 103: 1.10Gk+1.50Qs2 (Eq.6.10)

L.C. 104: 1.10Gk+1.50Qs3 (Eq.6.10)

L.C. 105: 1.10Gk+1.50Qwl (Eq.6.10)

L.C. 106: 1.10Gk+1.50Qw2 (Eg.6.10)

L.C. 111: 0.90Gk+1.50Qwl (Eq.6.10)

L.C. 121: 1.10Gk+1.50Qs1+0.60x1.50Qw1= 1.10xGk+1.50Qs1+0.90Qw1l (Eq.6.10)
L.C. 122: 1.10Gk+1.50Qs1+0.60x1.50Qw2= 1.10xGk+1.50Qs1+0.90Qw2 (EQ.6.10)
L.C. 123: 1.10Gk+1.50Qs2+0.60x1.50Qw1= 1.10xGk+1.50Qs2+0.90Qw1l (Eq.6.10)
L.C. 124:; 1.10Gk+1.50Qs2+0.60x1.50Qw2= 1.10xGk+1.50Qs2+0.90Qw2 (Eq.6.10)
L.C. 125: 1.10Gk+1.50Qs3+0.60x1.50Qw1= 1.10xGk+1.50Qs3+0.90Qw1 (Eg.6.10)
L.C. 126: 1.10Gk+1.50Qs3+0.60x1.50Qw2= 1.10xGk+1.50Qs3+0.90Qw2 (EQ.6.10)
L.C. 127: 1.10Gk+1.50Qw1+0.50x1.50Qs1= 1.10xGk+1.50Qw1+0.75Qs1 (Eq.6.10)
L.C. 128: 1.10Gk+1.50Qw1+0.50x1.50Qs2= 1.10xGk+1.50Qw1+0.75Qs2 (Eq.6.10)
L.C. 129: 1.10Gk+1.50Qw1+0.50x1.50Qs3= 1.10xGk+1.50Qw1+0.75Qs3 (Eq.6.10)
L.C. 130: 1.10Gk+1.50Qw2+0.50x1.50Qs1= 1.10xGk+1.50Qw2+0.75Qs1 (Eq.6.10)
L.C. 131: 1.10Gk+1.50Qw2+0.50x1.50Qs2= 1.10xGk+1.50Qw2+0.75Qs2 (Eq.6.10)
L.C. 132: 1.10Gk+1.50Qw2+0.50x1.50Qs3= 1.10xGk+1.50Qw2+0.75Qs3 (Eq.6.10)

16.2.3 Ultimate Limit State (ULS) (STR)

Ed = yG-Gk + yQ-Qk1 + yQ'wo-Qk2 (Eq.6.10)

Ed = yG-Gk + yQ-wo-Qk1 + yQ-wo-Qk2 (Eq.6.10a)

Ed = £&yG-Gk + yQ-Qk1 + yQ-wo-Qk2 (Eq.6.10b)

yG,sup=1.35 (Unfavourable)

yG,inf=1.00 (Favourable)

yQ =1.50 (Unfavourable)

yQ =0.00 (Favourable)

£€=0.850, £-yG=0.850x1.35=1.15
Load combinations (ULS)(STR),
Permanent load Gk, Imposed load Qk, Snow load Qs1,Qs2,Qs3, Wind load Qw1,Qw2
L.C. 201: 1.35Gk+1.50Qk (Eq.6.10)
L.C. 202; 1.35Gk+1.50Qs1 (Eq.6.10)
L.C. 203: 1.35Gk+1.50Qs2 (Eq.6.10)
L.C. 204: 1.35Gk+1.50Qs3 (Eq.6.10)
L.C. 205: 1.35Gk+1.50Qw1 (EQ.6.10)
L.C. 206: 1.35Gk+1.50Qw2 (EQ.6.10)
L.C. 211: 1.35Gk+1.50Qs1+0.60x1.50Qw1= 1.35xGk+1.50Qs1+0.90Qwl (Eq.6.10)
L.C. 212: 1.35Gk+1.50Qs1+0.60x1.50Qw2= 1.35xGk+1.50Qs1+0.90Qw2 (Eq.6.10)
L.C. 213: 1.35Gk+1.50Qs2+0.60x1.50Qw1= 1.35xGk+1.50Qs2+0.90Qw1 (Eq.6.10)
L.C. 214: 1.35Gk+1.50Qs2+0.60x1.50Qw2= 1.35xGk+1.50Qs2+0.90Qw2 (Eq.6.10)
L.C. 215: 1.35Gk+1.50Qs3+0.60x1.50Qw1= 1.35xGk+1.50Qs3+0.90Qw1 (Eq.6.10)
L.C. 216: 1.35Gk+1.50Qs3+0.60x1.50Qw2= 1.35xGk+1.50Qs3+0.90Qw2 (Eq.6.10)
L.C. 217: 1.35Gk+1.50Qw1+0.50x1.50Qs1= 1.35xGk+1.50Qw1+0.75Qs1l (Eq.6.10)
L.C. 218: 1.35Gk+1.50Qw1+0.50x1.50Qs2= 1.35xGk+1.50Qw1+0.75Qs2 (Eq.6.10)
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L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.

219:
220:
221:
222:
231:
232:
233:
234:
235:
236:
251:
252:
253:
254
255:
256:
257
258:
259:
260:
261:
262

1.35Gk+1.50Qw1+0.50x1.50Qs3= 1.35xGk+1.50Qw1+0.75Qs3 (Eq.6.10)
1.35Gk+1.50Qw2+0.50x1.50Qs1= 1.35xGk+1.50Qw2+0.75Qs1 (Eq.6.10)
1.35Gk+1.50Qw2+0.50x1.50Qs2= 1.35xGk+1.50Qw2+0.75Qs2 (Eq.6.10)
1.35Gk+1.50Qw2+0.50x1.50Qs3= 1.35xGk+1.50Qw2+0.75Qs3 (Eq.6.10)

1.35Gk+1.50%0.50Qs1 +1.50x0.60Qw1= 1.35xG+0.75Qs1+0.90Qw1
1.35Gk+1.50x0.50Qs1 +1.50x0.60Qw2= 1.35xG+0.75Qs1+0.90Qw2
1.35Gk+1.50%0.50Qs2 +1.50x0.60Qw1= 1.35xG+0.75Qs2+0.90Qw1
1.35Gk+1.50x0.50Qs2 +1.50x0.60Qw2= 1.35xG+0.75Qs2+0.90Qw2
1.35Gk+1.50x0.50Qs3 +1.50x0.60Qw1= 1.35xG+0.75Qs3+0.90Qw1l
1.35Gk+1.50%0.50Qs3 +1.50x0.60Qw2= 1.35xG+0.75Qs3+0.90Qw2
0.850x1.35Gk+1.50Qs1+1.50x0.60Qw1= 1.15xG+1.50Qs1+0.90Qw1
0.850x1.35Gk+1.50Qs1+1.50x0.60Qw2= 1.15xG+1.50Qs1+0.90Qw2
0.850x1.35Gk+1.50Q52+1.50x0.60Qw1= 1.15xG+1.50Qs2+0.90Qw1

: 0.850x1.35Gk+1.50Q52+1.50x0.60Qw2= 1.15xG+1.50Qs2+0.90Qw2

0.850x1.35Gk+1.50Qs3+1.50x0.60Qw1= 1.15xG+1.50Qs3+0.90Qw1
0.850x1.35Gk+1.50Qs3+1.50x0.60Qw2= 1.15xG+1.50Qs3+0.90Qw2

: 0.850x1.35Gk+1.50Qw1+1.50x0.50Qs1= 1.15xG+1.50Qw1+0.75Qs1

0.850x1.35Gk+1.50Qw1+1.50x0.50Qs2= 1.15xG+1.50Qw1+0.75Qs2
0.850x1.35Gk+1.50Qw1+1.50x0.50Qs3= 1.15xG+1.50Qw1+0.75Qs3
0.850x1.35Gk+1.50Qw2+1.50x0.50Qs1= 1.15xG+1.50Qw2+0.75Qs1
0.850x1.35Gk+1.50Qw2+1.50x0.50Qs2= 1.15xG+1.50Qw2+0.75Qs2

: 0.850%x1.35Gk+1.50Qw2+1.50x0.50Qs3= 1.15xG+1.50Qw2+0.75Qs3

16.2.4 Serviceability Limit State (SLS)

Ed = Gk + Qk1 + wo-Qk2 + wo-Qk3 (Characteristic combination) (Eq.6.14b)

Ed = Gk + y1-Qk1 + w2-:Qk2 + w2-Qk3 (Frequent combination) (Eq.6.15b)

Ed = Gk + y2-Qk1 + p2-Qk2 + y2-Qk3 (Quasi-permanent combination) (Eq.6.16b)
Load combinations (SLS)
Permanent load Gk, Imposed load Qk, Snow load Qs1,Qs2,Qs3, Wind load Qw1,Qw?2

L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.

301:
302:
303:
304:
305:
306:
311:
312:
313:
314:
315:
316:
317:
318:
319:
320:
321:
322:
331:
332:
333:
334
335:
336:
337:
338:
339:
340:
341:
342
351:
352:
353:
354
355:
356:

Gk+Qk (Eq.6.14a)

Gk+Qsl (Eq.6.14a)

Gk+Qs2 (Eq.6.14a)

Gk+Qs3 (Eq.6.14a)

Gk+Qwl (Eq.6.14a)

Gk+Qw2 (Eq.6.14a)

G +Qsl +0.60Qwl (Eqg.6.14a)

G +Qsl +0.60Qw2 (Eq.6.14a)

G +Qs2 +0.60Qwl (Eq.6.14a)

G +Qs2 + 0.60Qw2 (Eq.6.14a)

G+ Qs3+0.60Qwl (Eg.6.14a)

G + Qs3 + 0.60Qw2 (Eq.6.14a)

G+ Qwl +0.50Qs1 (Eg.6.14a)

G+ Qwl + 0.50Qs2 (Eg.6.14a)

G + Qwl + 0.50Qs3 (Eg.6.14a)

G + Qw2 + 0.50Qs1 (Eq.6.14a)

G + Qw2 + 0.50Qs2 (Eq.6.14a)

G+ Qw2 + 0.50Qs3 (Eg.6.14a)

G + 0.50Qs1 + 0.30Qwl (Eq.6.15a)
G + 0.50Qs1 + 0.30Qw2 (Eq.6.15a)
G + 0.50Qs2 + 0.30Qwl (Eq.6.15a)

:G + 0.50Qs2 + 0.30Qw2 (Eqg.6.15a)

G + 0.50Qs3 +0.30Qwl (Eq.6.15a)
G + 0.50Qs3 + 0.30Qw2 (Eq.6.15a)
G + 0.20Qwl + 0.00Qs1 (Eqg.6.15a)
G + 0.20Qwl + 0.00Qs2 (Eqg.6.15a)
G + 0.20Qw1 + 0.00Qs3 (Eq.6.15a)
G + 0.20Qw2 + 0.00Qs1 (Eq.6.15a)
G + 0.20Qw2 + 0.00Qs2 (Eq.6.15a)

G+ 0.20Qw2 + 0.00Qs3 (Eq.6.15a)

G + 0.00Qs1 + 0.30Qwl (Eq.6.16a)
G + 0.00Qs1 + 0.30Qw2 (Eq.6.16a)
G + 0.00Qs2 + 0.30Qwl (Eq.6.16a)
G + 0.00Qs2 + 0.30Qw2 (Eq.6.16a)
G + 0.00Qs3 + 0.30Qwl (Eq.6.16a)
G + 0.00Qs3 + 0.30Qw2 (Eq.6.16a)

(Eq.6.10a)
(Eq.6.10a)
(Eq.6.10a)
(Eq.6.10a)
(Eq.6.10a)
(Eq.6.10a)
(Eqg.6.10b)
(Eq.6.10b)
(Eqg.6.10b)
(Eqg.6.10b)
(Eq.6.10b)
(Eqg.6.10b)
(Eqg.6.10b)
(Eq.6.10b)
(Eq.6.10b)
(Eq.6.10b)
(Eq.6.10b)
(Eg.6.10b)
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16.2.5 Ultimate Limit State (ULS)Seismic situation

Ed = Gk + Aed + w2:Qkl + w2:-Qk2 + w2:Qk3 (Eq.6.12b)
Snow load Qs, Wind load Qw, Seismic load Aed
L.C. 601: Gk + 0.30Qs1 + Aed (Eg.6.14a)

16.3 Finite element model

The structure displacements and the internal forces and moments in the structure are
calculated with the finite element program FRAME2Dexpress® (©RUNET).

The Finite element model uses 2-dimensinal beam elements. The axes of the elements are
passing from the centroid of the cross-sections of the beams and the columns. The effective
span of the portal frame is the distance between the center lines of the columns.

The increase of the stiffness of the rafter elements due to the haunches is taken into account
by modifying the element stiffness matrix of the rafter elements.

Linear static and dynamic elastic analysis is performed.

The eave and apex connections are modelled as stiff connections.

The base connection is considered pin or fixed connection according to the selection of the
user. The horizontal force acting outwards is resisted either by the passive earth force or by a
steel tie placed into the floor slab.

16.4 Materials EN 1993-1-1:2005 § 3.2

The steel grades listed in Eurocode EN 1993-1-1 Table 3.1 and EN 1993-1-3 are included in
the program.

The steel properties (yield strength f, and ultimate strength f,) can be changed from
Parameters/Material.

Design values for: Modulus of elasticity E=210000 N/mm?2, Poisson ratio v=0.30, Unit mass
p= 7850 Kg/m3

Steel grades

S 235 EN 10025-2 fy:235 fu:360

S 275 EN 10025-2 fy:275 fu:430

S 355 EN 10025-2 fy:355 fu:510

S 450 EN 10025-2 fy:440 fu:550

S 275 N/NL EN 10025-3 fy:275 fu:390
S 355 N/NL EN 10025-3 fy:355 fu:490
S 420 N/NL EN 10025-3 fy:420 fu:520
S 460 N/NL EN 10025-3 fy:460 fu:540
S 275 M/ML EN 10025-4 fy:275 fu:370
S 355 M/ML EN 10025-4 fy:355 fu:470
S 420 M/ML EN 10025-4 fy:420 fu:520
S 460 M/ML" EN 10025-4 fy:460 fu:540
S235W EN 10025-5 fy:235 fu:360
S355 W EN 10025-5 fy:355 fu:510

S 460 Q/QL EN 10025-6 fy:460 fu:570
S235H EN 10210-1 fy:235 fu:360

S 275H EN 10210-1 fy:275 fu:430

S 355H EN 10210-1 fy:355 fu:510

S 275 NH/NLH EN 10210-1 fy:275 fu:390
S 355 NH/NLH EN 10210-1 fy:355 fu:490
S 420 NH/NLH EN 10210-1 fy:420 fu:540
S 460 NH/NLH EN 10210-1 fy:460 fu:560
S 460 NH/NLH EN 10210-1 fy:460 fu:560
S 460 NH/NLH EN 10210-1 fy:460 fu:560
S 460 NH/NLH EN 10210-1 fy:460 fu:560

16.5 Partial factors EN 1993-1-1:2005 § 6.1
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The partial factors yyv are applied to various characteristics resistance values. The partial
factors are defined in the program from the selected National Annex., and can be overwritten
in Parameters/National Annex parameters.

Usual values for steel structures

Ymo = 1.00
ym: = 1.00
Ym2 = 1.25

Usual values for concrete structures (EN1992-1-1 Tab. 2.1N)
Yc = 1.50 (concrete)
Ys = 1.15 (reinforcing steel)

16.6 Second order effects EN1993-1-1 §5.2.1

The material behaviour is considered linear elastic. The second order effects are geometrical
(P-A and P-0) effects. The practical consequence of (P-A)-effects is to reduce the stiffness of
the frame, with a result the increase of the deflections and the internal forces beyond the ones
calculated from first-order analysis.

The effects of the deformed geometry are quantified using the factor a., EN1993-1-1 §5.2.1

acr=Fcr/Fed EN1993-1-1 Eq. (5.1)

Fed: is the design loading of the structure

Fcr : is the elastic critical buckling load for global instability mode based on initial elastic
stiffness.

The frame is considered sufficiently stiff and second order effects may be ignored in a first
order analysis if a;- = 10

For portal frames with shallow slopes according to EN1993-1-1 §5.2.1 (4) a.- can be estimated
as

H h
A = [_Edj — | EN1993-1-1 Eq (5.2)
VEd H,Ed

Hed : total design the total design horizontal load

Ved : total design vertical load

Oned : is the horizontal displacement at the top of the columns
h : is the column height

Axial force in the rafters may be assumed to be significant if

_ Af
A <05 |—- EN1993-1-1 Eq (5.3)
NEd

According to EN1993-1-1 §5.2.2 (5), single story portal frames designed based on elastic
analysis the global analysis second order effects due to vertical load may be calculated by
increasing the horizontal loads Hed by equivalent loads ¢ Ved due to imperfections and other
possible sway effects according to the first order theory by an amplification factor

1
1— provided that a, = 3 EN1993-1-1 Eq (5.4)
%cr

If a. < 3, second order analysis is necessary

16.7 Imperfections EN1993-1-1 §5.3.1

Global initial sway imperfection: @ = @q ® a, @,
@o: Initial value =1/200
an: Reduction factor for column height = 2/vh (2/3 < ay, < 1) (h: structure height)

¢m: Reduction factor for number of columns in a row a,, = O.5(+%n
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16.8 Classification of cross sections EN 1993-1-1:2005 § 5.5

The design of steel elements can be done with elastic or plastic analysis depending on the
class of the cross section.

The design of sections of classes 1 and 2 is based on the plastic resistance, the design of
cross-sections of class 3 is based on elastic resistance, and the design of cross-sections of
class 4 is based on elastic resistance and effective cross section properties.

The classification of cross sections in 1, 2, 3 and 4 classes depends on the ratios of thickness
to width of the parts of the cross-section which are in compression according to tables 5.2 of
EN 1993-1-1:2005.

Table 5.2 EN 1993-1-1:2005 - Internal compression parts

Internal compression parts
I—\—,—l | —
_HTC _ _ IC _ c _ ¢ _ Axis of
bending
th t- *l t - T‘(t
————  — 1
t
[ iI 1 *I
L NGRS — *t - Axis of
C c Cc :
- - - L - - ‘ - bending
Class Part subj_ect o Part subj ectto Part subject to bending and cmupression
bending COMPression
f f f
Stress — — —
dis_.'n'ibution + + + | e
¢ 1n parts c c c
compression - _
positive) — == \:
tY fS’ fh’
when o> 0.5: ¢/t < 129681
1 c/t<72e c/t<33e 362
when 0 <0.5: ¢/t <—
o
456e
when o> 0.5: ¢/t < o1
2 c/t<83 c/t<38e o=
41.5¢
when 0 £0.5: ¢/t <
o
f f
Stress ! _f g
distribution
1n parts c . c c
(compression | |c2
positive) { L T
42¢e
wheny>-1: ¢/t ——
3 c/t<124e c/t<42e 0.67+0.33y
when w<—17: ¢/t <62¢e(1 —q!}\,'"(—lp)
e=[235/F f, 235 275 355 420 460
N € 1,00 0,92 0,81 0,75 0,71
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Table 5.2 EN 1993-1-1:2005 — Outstanding flanges

Outstand flanges

- o e R S

t t t t! s
Rolled sections Welded sections
Class Part subject to compression _ Part s.ubjec.t o bending and Compression
Tip in compression Tip in tension
ac oc

Stress
distribution __ +
C

T
m parts N | -
Compression 1 - - -
( O]gltive) i HE ¢ [
P =t f—C —
9¢ 9¢
1 c/t<0e clt<— c/t<—
o oo
10e 10e
2 c/t<10e e/t — e/t ——
(v oo

Stress
disniﬁjtsion __ - et _1*

(compressi K ﬁi'|——1 |i|-—-|
compressmn ! | [ | C
positive) ' ' '
t<21efk
3 c/t<14e ¢ Ve
For kg see EN 1993-1-5
e= 135/ f, 235 275 355 420 460
N £ 1,00 0,92 0.81 0,75 0,71

Table 5.2 EN 1993-1-1:2005 - Angles

Angles
—"
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 in compression
Stress
distribution f
across ]
section
(compression U
positive)
b+h
3 h/t<15e: ——=<115¢
Tubular sections
t- f
i&*\ d
Class Section in bending and/or compression
1 d/t <508’
2 d/t <70’
3 d/t<90e?
NOTE For d/t > 90e’ see EN 1993-1-6.
] f 235 275 355 420 460
e=,[235/1, € 1,00 092 0,81 0,75 0,71
e 1,00 0,85 0,66 0,56 0,51
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16.9 Design for SLS EN1993-1-1§ 7.2

The analysis for Serviceability Limit State (SLS), is performed by checking
the deflections for all the SLS load cases after a first-order analysis.

Load combinations (SLS) Iy

Ed = Gk + Qk1 + wo-Qk2 + wo-Qk3 (Characteristic combination)

(Eq.6.14b) —Ll—
Ed = Gk + w1-Qkl + w2-Qk2 + w2-Qk3 (Frequent combination)

(Eq.6.15b)

Ed = Gk + w2:Qkl + w2-Qk2 + w2-Qk3 (Quasi-permanent combination)(Eq.6.16b)

H
The basic deflection checks are for the maximum vertical deflection in —E*
the apex and the maximum horizontal deflection at the top of the
columns. The limits for these deflections are usually defined in the
National Annex. EN1993-1-1 § 7.2 and EN 1990 Annex Al.4
According to EN1993-1-1 these limits may be specified for each
project and agree with the client.
The limits for deflections in the program can be specified in Parameters/Design parameters.
Usual values: vertical deflection L/200, horizontal deflection H/150, vertical deflection due to
bending L/200.

—z—

16.10 Ultimate limit states EN 1993-1-1:2005 § 6.2

16.10.1 Tension EN 1993-1-1:2005 § 6.2.3

N
T (EN 1993-1-1, 6.5)
Nt,Rd
Design plastic resistance of the cross-section.
A-f,
Noire =— (EN 1993-1-1, 6.6)
MO

Design ultimate resistance of net cross-section at holes for fasteners.

Ny r _09A. 1, (EN 1993-1-1, 6.7)
Ym2

A area of cross-section
A, area of net cross-section (minus holes)

f, yield strength of steel

f, ultimate strength of steel

Mo » Ymo Partial factors for material

16.10.2 Compression EN 1993-1-1:2005 § 6.2.4

N
Ni <1 (EN 1993-1-1, 6.9)
c¢,Rd
A-
N, p = W for class 1, 2, 3 cross-sections (EN 1993-1-1, 6.10)
’ Vmo
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- f
N ., = M for class 4 cross-sections (EN 1993-1-1, 6.11)
c,Rd
Ymo

A area of cross-section
A effective area of cross-section

fy yield strength of steel
¥mo Partial factors for material

In case the design value of shear is Vg, > 0.50V y the reduced yield strength is used.
2\/ 2
Bd 1 (EN 1993-1-1, 6.29)
pl,Rd

(- p 1y, where p =

16.10.3 Bending moment EN 1993-1-1:2005 § 6.2.5

M
—f <] (EN 1993-1-1, 6.12)
Mc,Rd

Design resistance of cross section for bending about the principal (y-y) or secondary (z-z) axis.

Wiy - Ty i
Myps =M, gy =——— forclass 1, 2 cross-sections (EN 1993-1-1, 6.13)
Ymo
Wo. fy
MZ’Rd = Mpl)Z’Rd —_pbz J7 for class 1, 2 cross-sections
Y mo
W, , - fy .
M A = Mel’y’Rd =—2 " for class 3 cross-sections (EN 1993-1-1, 6.14)
Ymo
M —M _ Wel,z ' fy .
ird = Mg g =— for class 3 cross-sections
Mo
Wy, - Jy
My rd = Mc,y’Rd =y 7 for class 4 cross-sections (EN 1993-1-1, 6.15)
MO
A
Mz rd = MC’Z,Rd =gz - for class 4 cross-sections
MO

y Wp,’ plastic section modulus about principal and secondary axis,

Wi z
W, , W, , elastic section modulus about principal and secondary axis,
W, y Wy , effective section modulus about principal and secondary axis,
fy yield strength of steel

¥ Mo partial factors for material

When bending moment acts together with axial force design check is performed according to :

Copyright © RUNET Software ® www.runet-software.com 34



Steel Portal Frame EC3 RUNET software

—— <] (EN 1993-1-1, 6.31)

(EN 1993-1-1, 6.32)

In case the design value of shearis Vi, > 0.50V o, the reduced yield strength is used.

2
~ 2V
(-p [y, where p = ! (EN 1993-1-1, 6.29)
pl,Rd
16.10.4 Bi-axial bending EN 1993-1-1:2005 § 6.2.9
“ B
M M
»,Ed +( z,Ed J Sl (EN 1993-1'1, 641)
My,Rd Msz

For I and H sections: a=2, B=5n, B=1 (N=Ngy/Np ra)
For circular hollow sections: a=2, =2
For rectangular hollow sections a=p=1.66/(1-1.13 n?)

16.10.5 Shear EN 1993-1-1:2005 § 6.2.6

V
—£_ <] (EN 1993-1-1, 6.17)
Vera

Plastic shear resistance parallel to the cross-section web.

_AcTy
\/§7/M0

Plastic shear resistance parallel to the cross-section flanges.

A/v'fy

Vyra =Volyra = (EN 1993-1-1, 6.18)

- \/§7M0

A, A, shear areas parallel to the cross-section web or flanges,

Vord =Vorizrd (EN 1993-1-1, 6.18)

fy yield strength of steel

Ymo  Partial factors for material
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16.10.6 Buckling resistance of uniform members in compression

EN 1993-1-1:2005 § 6.3.1

Buckling resistance due to compression.

N
—H_ <1 (EN 1993-1-1, 6.46)
Nb,Rd
4
Nyra = 4, for class 1, 2, 3 cross-sections (EN 1993-1-1, 6.47)
M1
ZAE f .
Nyra = Z @Y for class 4 cross-sections (EN 1993-1-1, 6.48)
M1

The reduction factor y is determined from the non-dimensional slenderness 4

1
et
D+VD? -4

<1 (EN 1993-1-1, 6.49)

©=05]+a€-0237"

_ A 2 l
A= fy;Ncr=7r1§A;ﬂt=eﬁ;i:\/Z
N A i A

cr
A non-dimensional slenderness,
N,, elastic critical buckling load,

Ler equivalent buckling length,
A slenderness,
i radius of gyration.

The imperfection factor & that corresponds to the appropriate buckling curve ao,a,b,c,d should be
obtained from Table 6.2 of Eurocode 3, EN 1993-1-1:2005:

Buckling curve a, a b C d

Imperfection factor a 0.13 | 0.21 | 0.34 | 049 | 0.76

Equivalent buckling lengths Lcr/L

'

1.0 20 07 050 10
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Table 6.2 EN 1993-1-1:2005 Selection of buckling curve of a cross-section

Buckling curve
Buckling | § 235
Cross section Limuts about S 275
axis S 355 S 460
S 420
tf z 7 — 4 a a
_ ol te= 40 mm ¥y 0
— i z—z b a
] :é 7 — % b q
8 = | 40mm<t;<100 | Y7
¢=] z—z c a
2 hi vy y
E t< 100 ¥y b @
= ~ £= mm z—z c a
o —
1 Wi
. Q T —
‘ = t= 100 mm ¥y d N
b z—z d c
" j'r"'tf T ! :Hf tr < 40 mm yoy b b
o A : z—2Z c c
2.2
% 735 ¥ I A A | I
e | te> 40 mm ¥y ¢ ¢
S e ' z—z d d
z Z
_— hot finished any a ag
25
55
- cold formed any c c
1z t
5 ! | generally (e:i;cept as any b b
g . | below)
£ A i
32 hi ¥y -] ¥
] i t, thick welds: a > 0 5t;
= | | ] b/ts < 30 any c c
- z J h/t, <30
b | 1 |
= |
E= i
o _ [ _%__ any c c
52 . |
; - any b b
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16.10.7 Lateral torsional buckling for uniform members
EN 1993-1-1:2005 § 6.3.2

Lateral torsional buckling of uniform members in bending.

M
—H-<] (EN 1993-1-1, 6.54)
Mb,Rd
W, f
My rg = % (EN 1993-1-1, 6.55)
M1

W, =W, forclass 1, 2 cross-sections,
W, =W, forclass 3 cross-sections,

W, =W, , for class 4 cross-sections.

The reduction factor y, ; is determined from the non-dimensional slenderness Aur

1
Xt = —<1 (EN 1993-1-1, 6.56)

(DLT + \/q)iT - /12LT

-~ —
D, = 0.5I+ o €. -02 + X, )

oo Wyfy

LT =

cr
The imperfection factor & which corresponds to the appropriate buckling curve a,b,c,d:

Buckling curve a b C d
Imperfection factor a1 0.21 0.34 0.49 0.76

Recommended values for torsional buckling curves:
Rolled Sections h/b<2 buckling curve a, h/b>2 buckling curve b
Welded sections h/b<2 buckling curve c, h/b>2 buckling curve d

The critical elastic moment for lateral torsional buckling is computed according to Annex F of
Eurocode 3-1-1 (1992).

k

w

>
+€,z,-¢z, . -¢€,z,-Cz,

2 2 -
v :C17Z'EIZ (kj 1, €L G,

¢’ I, 7Kl
C1, C2, C3, coefficients depending on the loading conditions and support conditions,

for a beam with uniform bending moment diagram C1=1.000, C2=0.000, C3=1.000
for a beam with parabolic bending moment diagram C1=1.132, C2=0.459, C3=0.525

I, St Venant torsional constant,

I, warping constant,

I, second moment of inertia about the weak axis,

L  beam length between the support points,
k, kW coefficients depending on the support conditions,

Zg distance of shear center from point of load application
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16.10.8 Uniform members in bending and compression EN 1993-1-1:2005 § 6.3.4

N M M.
Btk L. +k, 2 < (EN 1993-1-1, 6.61)
xyNRk/7M1 ZLTMy,Rk/7M1 Mz,Rk/7M1
N M M.
B 1k, Lo . <1 (EN 1993-1-1, 6.62)
X N ! Vw ZLTMy,Rk/7M1 Mz,Rk/7M1
Ny = Afy
M, g = plyf for class 1, 2 cross-sections
M, o =W, f, for class 3 cross-sections,
M, =W, yf for class 4 cross-sections,
M,y = p,zf for class 1, 2 cross-sections
M. =W, zf for class 3 cross-sections,
M, =W, ’ny for class 4 cross-sections.

The interaction coefficients kyy , kyZ , kZy ,K,, are determined from tables B.1 and B.2

Table B.1 interaction coefficients k.. Kk Kk, K,

yy rtyzrtzy s
Interaction Type of - - De_s 180 assumption . -
factors sections elastic cross-sectional properties plastic cross-sectional properties
’ ’ class 3, class 4 class 1, class 2
N - ' N
C {1+0 o)wiﬂ] cm_\{1+(1}. —0.3)_751]
k. L-sections N AV X T
w RHS-sections ( r (
] Ngg N
gcm[1+0.6_— sc*m[1+0.3_—J
) Nz /Yan ) X+ Nex /Y
I-sections
ke RHS-sections kee 0.6k
I-sections
Ky RHS-sections 0.8 kyy 0.6k,
N
L1+ (2% —o. ﬁjif‘d]
I-sections \ \_sz_ = Yo
T N Ed
Co|140.6h. —— 2 J SCpp| 1414 ]
k. %N /Y HzNpe /T
co | Ng a Ny )
<C,[1+06 < J c {1+(. —02)——m
\ XN Y = ' %:Ni / Y
RHS-sections Nz
<C m(1 + 0.3_7&']
X=Nze / Yan
For I- and H-sections and rectangular hollow sections under axial compression and umaxial bending M, z4
the coefficient k_, may be k_, = 0.
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Table B.2
In . Design assumptions
teraction . . . - . .
factors elastic cross-sectional properties plastic cross-sectional properties
' class 3, class 4 class 1, class 2
ke k. from Table B.1 k., from Table B.1
ke k. from Table B_1 k.- from Table B.1
|__ 005k N, {1 0 N, }
(Cer _0~35) XNz /T ((.mLT —0.25) 2. Nx /Y
| 005 N 2{1_ 0 XNy }
e (C_r —0.25) . Ngy /Mag (Cazr —0.25) XNy /Yan
for k. < 0.4:
= N _z N
k_ =06+h:<1—— 0.1A E4
) (Carr —0.25) X Npy /Yaa
k. k_, from Table B.1 k., from Table B.1
Factor Bending axis Points braced in direction
Cmy y-y z-Z
Cmz z-Z y-y
CmLT y-y y-y
Table B.3
Coy. Cpz B Cpp runder loading
Moment Diagram Range ——
Distributed Concentrated
M s wM 1=y=1 0.6+04yz=04
M M
e YWl gcao=1 |-1=ys1|  02+080.204 0.2+08a,>04
~ O=zy=1 0.1-080as=04 — 0805204
1=a, <0
o, = MM, A=y =0]01(1-v)-080,204 | 02(-w)—-08u,=204
(+) M, ) e
O=gp=1 |-12w=1 0,95+0,05 ap 0,90 + 0,10 ap
e ™ o 0sy<=1 0,95+ 0,05 o 0,90+ 0,10 ay
Al=ap<0
o, = My/M, 1=y =<0| 0905+0050p(1+2y) | 0.90-0,10 ap(1+2y)
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16.11 Connections Eurocode 3-1-8:2005

The three connections designed are eave, apex and base connection. The connections are
designed based on Eurocode 3 1-8 Design of Joints.

The eave and apex connections are designed with end plates and bolts. All the checks for
moment and shear resistance are performed.

The base connection is a plate bearing connection and considered pinned or fixed connection
to the footing. The anchor bolts are designed to resist shear and uplift forces(wind and seismic
uplift forces) . In the case of rigid (fixed) base connection the anchor bolts are designed to
resist the tension upwards forces due to bending.

The anchoring system is designed according to. Eurocode 3-1-8 §6.2.6.12 and CEN/TS 1992-
4-1:2009, Design of fastenings in concrete, General and CEN/TS 1992-4-2:2009, Design of
fastenings, Headed Fasteners.

The concrete of the base is designed to resist the compression forces according to Eurocode 3-
1-8 §6.2.5(7) and Eurocode 2-1-1:2004.

Fcra = fig * Desr * lest
fia = Bj Frad/ (Dett lerr) By =%
feq = Oce fex / Ve Gce=1.0, Y. = 1.5 defined in National annex

0 102
e wl [a @ EI -
_E%:% I DO L]
'if"\mun.s N ; E"I —
Rii=i i afa ﬁl& =Y o :I

]
I g

1] 'i——r i LDI

= i w220
= M24 1089 200

mzdl10.9 PO | M

i
&
274

%
afl=
afl=

320

800

00

16.12 Bracing system

Bracing systems are required to resist transverse
actions, due to wind and earthquake.

For this, two bracing systems are provided.

Vertical bracing system in the sidewalls between the
columns. This system transmits the horizontal
transverse loads from the roof to the ground and
temporary stability during the erection.

Horizontal roof bracing system. On the roof to transmit
the transverse loads from the roof to the vertical
bracing and to provide temporary stability during the
erection.

Copyright © RUNET Software ® www.runet-software.com 41



Steel Portal Frame EC3 RUNET software

If you select a light profile L for the bracing system then it may result in many braced frames
along the building than if you select a heavier profile.

16.13 Foundation

The horizontal reaction acting outwards is resisted in two ways.
1.Passive earth pressure on the side of the foundation. In this case the

an

earth filling and compacting on the side of the foundation must be I
performed carefully, so that the passive earth pressure is not reduced.
2.A tie cast into the floor slab connected to the base of the columns. This

should be considered more safe method to resist the horizontal forces at
the base of the columns.

The fundament is designed according to Eurocode 7 EN1997-1-1:2004,
Eurocode 7 Geotechnical design, for stability in vertical download forces as Hed .

well as uplift forces due to wind or seismic load. - T 1
The reinforced concrete design is according to EN1992-1-1:2004,
F
%

16.13.1 Design of footing

Eurocode 2 Reinforced concrete.
According to Eurocode 7 §6.5.2. The bearing resistance of the footing Rd must be greater than
the design load Vd, Rd>Vd. The bearing resistance Rd=quxA'/yq, where qu is bearing capacity
of soil and the A' is the effective design area of footing as defined in Annex D of Eurocode 7.
The partial factor for soil properties yq is used for the design values of geotechnical
parameters according to Eurocode 7 Annex A. EQU STR and GEO limit states, and can be
modified in Parameters/Design parameters/NAD parameters/material factors.
Only vertical load A'=BxL
Vertical load N and moment M, A’=BxL'". L'=effective foundation length)

L'=L-2xe), e=M/N (load eccentricity)

16.13.2 Passive earth pressure

Passive earth pressure is the resultant pressure developed by a granular material against
some surface, when the latter shifts over a small distance towards the material. The basic
assumptions for lateral earth-pressure, using a simplified wedge theory, are set by Coulomb
(1736-1806).

H'I
B=C7K,
cos2 (p+8)
ain (p+o) sn (pp) 7
cos ? B cos (B-0) [1_\[ cos E:l;—(ﬁj cos EPB-BJJ :]
p anole of internal friction of soil
& angle of wall friction
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