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1. Introduction

This course will explain the calculation of steel connections in SCIA Engineer following the EN 1993-1-8: Design of steel
structures — Part 1-8: Design of joints.

Most of the options in the course can be calculated/checked in SCIA Engineer with the Steel or Professional edition.

For some supplementary checks an extra module (or edition) is required, but this will always be indicated in those
paragraphs.

The design methods for connection design are explained. More details and references to the applied articles can be
found in (Ref.[2]).

The following chapters are valid for the bolted and welded column-beam joints. The design methods for the beam-
column joints are principally for moment-resisting joints between | or H sections in which the beams are connected to
the flanges of the column. In this document we will describe the total procedure for this type of connection. The other
connection types can be found at the end of this document.

Below you can find an image of the workspace of SCIA Engineer and where to find the different menus.
DG % % @ © &3 fa|Menubar [ it s oo oy it e ot vt o i | [pronocer @0 =0 me O mm &

IHEVTEANEL CITEETs 2 SCIA Spotiight Stalusbay ¥ Property panel
= Alcategories V| @ mags % 10 MEMBER (1) A
GHGaS Z = i g/ L%k
i W O m - m e -] Name BS
AL TR E AL @4 wL e
6= 60D A &y d >tz Y Type column(100)

Analysis model  Standard

Input panel - 4 P FeMtype sandard
Cross-section Mid colum... T
aldeg] 0,00
Vember systemine st Centre

ey[mm] 0,00
ez[mm] 0,00

LCS  standard v

LCS Rotation [deg] 0,00
v BUCKUNG
System lengthsand b... Default =
Materialand no. of p
Secondary member ()
v GEOMETRY
Length [m]

&

|
i

View bar-

Shape

Beg.node N9

o nD LIS FET

Endnode N7
~ STRUCTURAL MODEL
Mode Automatic v

EED

Priority definition according to me... \/

0
o
1

Priority value

Perp.alignment ~ default v
Eccentricity def.  whole member

x - ty

BEGIN POINT

th Process toolbar: Eccentricityy [mm] 0,00

MODEL

@
Eccentricity z [mm] 0,00
- & Enp-cuTS
§ 5 GYG X Marking menu a9 s gﬁ@ » ILLUSTRATION GROUP
Sl Acrons »
e’ Table edit geometry
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2. Possible connections in SCIA Engineer

The design methods for the column-beam joints are taken from EN 1993-1-8. More detailed information about the
applied rules and specific implementations are found in Ref.[1].

The following column-beam and beam-beam connections are possible in SCIA Engineer:

B :r D

j—f —
g[ﬁg

Only the following cross-sections can be used for connections in SCIA Engineer:

Rolled | beam (I1+H) Rolled hollow section (RHS) | section with a haunch (I var)

Symmetrical welded | section Asymmetrical welded | section
(made of three flats - Iw) (made of three flats - lwn)

The possible combinations of supported cross-sections with relevance to a geometric connection type is indicated in
the tables below. Column base connections support all cross-sections.

Beam
| lwn | 1section + haunch RHS

Rolied I+H |

Column
B

[
yes
yes
yes

no

no

[ [Rolied I-H

W

lwn

| section + haunch
RAS

Beam

BV —2026/10/30 7



It is important to mention that in this context, beam is the entity connected to a column. It is perfectly possible that a
column may be horizontal and a beam vertical.

In the checks in SCIA Engineer not only the connection itself will be checked, but also the total joint. A joint is the

connection and the web panel in shear, as shown in the picture below.

1 A

7

s

A

Joint = web panel in shear + connection

1- web panel in shear

2 - connection

3 - components (e.g. bolts, endplate)

Since SCIA Engineer 17.0, it is also possible to design truss connections of circular hollow sections. The following image

shows what is supported so far:

T joint

X joint

KK joint

TT joint

DY joint

XX joint
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3. Creation of a small example in SCIA Engineer

3.1. Modelling the example

First in this chapter a small example in SCIA Engineer will be shown. Afterwards all principles and the theoretical

background will be explained in the next chapter.

Create a new project in Frame XYZ, activate the material Steel S 235 and activate the functionality Steel connections:

Project data >
Basicdata Functionality Actions UnitSet  Protection
| GENERAL DETAILED
Property modifiers B Subsoil
.-'ﬁ Medel modifiers 4 Steel
1 L Parametric input Fire resistance checks
ll‘ Climatic loads Steel connections E

j Traffic loads 2D Scaffolding
' Meving loads 1D
," Moving loads 2D
'U. Dynamics
p = Stability
’ Monlinearity

il ﬁ:.l Structural model
1 . IFC properties
: Prestressing
"’gﬁ Bridge design
F !‘a Censtruction stages
¥ ‘ag Warping (Tth degree of freedom)
OK Cancel

The following options are available for connections:

Frame strong-axis

Calculation of bolted and welded (rigid and semi-rigid) connections for
the strong axis of the column

Frame weak-axis

Calculation of bolted and welded (rigid and semi-rigid) connections for
the weak axis of the column

Pinned grid connections

Calculation of pinned connection in the horizontal plane

Hollow section joints

Calculation of welded tubes in trusses

Expert database

Use a library with default connections in SCIA Engineer or add your own
connections to this library

Connection monodrawings

Make overview drawings of your connection(s)

BV —2026/10/30




Choose for the column a HE140B profile and for the beam an IPE220 with the following geometry and the only load is a
line load of 5 kN/m on the beam (no self weight).

2000
HE140B

-5,00
-5,00

g PE220,

/
=

2000

2000
HE140B

3.2. Input of the connection
Calculate the model and go to the Steel workstation of the process toolbar.

The beam is connected with the strong axis of the column, so we choose “Frame strong-axis” from the input panel by
filtering to Steel > Steel Connections. Click on this option and select the node between the column and the beam to
input the connection.

E INPUT PANEL

= steel =

=  Steel Connections i

@ All tags -
FRWE STRONG-AXIS yNECTIONS

MEEHX KR

In the properties panel of the connection, you can activate what you want to add on the connection. We choose for a
Frame bolted connection and we add an end-plate. By clicking on the manage button behind the end-plate option, you
can adapt the endplate and we change it into:

B! End-plate X q
= STEEL CONNECTION (1) )
Name EP | A
Material 5235 saaik || Name Conn
I Thickness{mm] 12 bd Mads
- Input Top/Bottom/Left/Right ¥ Typeof loads  Load cases

Top extension [mm] 70 Load cases  LC1

Bottom extension [mm] 15 Frametype braced -

Left extension [mm] 15

Connection geometry
Right extension [mm] 15 | w SIDE =[83]
Total width [mm] 140 Connection type  Frame bolted ~
Total height [mm] 305 Enc-plate (@~ =
Backingplate () )

Top haunch C:]_\
Battom haunch () )
Bols ()

Top stiffener  (J )
Bottom stiffener (] )
Diagonal stifiener ()

Bottom extension Web doubler ()

Update stifiness (]

oK Cancel
e W | o for stitresscl 2,00
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Creation of a small example in SCIA Engineer

Afterwards we can also add some bolts and change them again by clicking on the manage button behind it:

9
| = STEEL w ]
= =
Selected bolt assembly M16-8.8 ¥ o Name Conn
Length [mm] 50,00 Node 13
Bolt pattern 2 belts/row v Typeoliads  Load cases
Reference Bottom of the beam v Loadcases  LC1
Internal bolts distance [mm] 80,00 Frametype beaced
Use last bolt-row for shear capacity only Connection geometry
1.Row | v SIDE ~{B3]
2.Row Connection type  Frame bolted
3.Row Endplate @2 =
4.Row Backingplate (3 )
1.Location [mm] 250,00 o bemchiiCY )
2.Location [mm] 180,00 Botiom haunch (7
3Location {mm] 94,00 sots @Y =
4.Location [mm] 40,00 Topstitener (3
Bottom stiffener  (J )
Diagonal stifiener ()
Web doubler (7
Actions Update stifiness ()
Update location  >>> Calculation type  internal forces
Output  Detailed ~
Length for siffnesscl.. 2,00
| v STIFFENERS
Between boltrows 12 ()
OK 4 Cancel Between boltrows23 (7 )
Between boltows 34 ()

Remark: by default you will get warnings for the bolt locations, modify the wrench diameter from 80mm to 60mm to
solve it. In reality you'll need to apply the correct wrench diameter in order to be able to fasten the bolts. See images
below to change this parameter:

81 Bott assembly X I
— g IEFE <~ O A@D 2
Selected bolt assembly M16-8.8 G | Hame M16-8.8
Length [mm] 50,00 Mi6-46 « Bolt
Boltpattern 2boltsjrow v |M20-45 Selected bolt M16 - 150 401
Reference Bottom of thebeam % oo Type Normal
Internal bolts distance [mm] 30,00 rine Boitgrade 8.8 v
Use last bolt-row for shear capacity only aeay Ultimate tensile strength [N/me 800,000
1row B e, 4 Nut
M12-10.9
2.kow [ Vs 100 Selected nut M16-150 4034 Tl
3.Row M20-10.9 4 Washer
a.row [ M22-10.9 Washer at the head
LLocation [mm] 250,00 M24-10.9 Washer atthe nut |8
2.Location [mm] 180,00 M27-10.9 Selected washer M16-1S0 7089 Cm
Lecation [mm) 94,00 M30-10.9
4.Location [mm] 40,00 M36-109
Mi2-109-HV
M16-10.9-HV
M20-10.9- HV
Actions. M22-10.9-HY
Update location >s» [ M24-105-W/
M27-10.9-HY
M30-10.9- WY
M36-10.9 - WV
M12-85
M16-88
OK o Cancel wf yon o5
M24-88
New | Insert | Edit oK
|E Bolts X | M Bolt assembly X
HEiBFE «» O @B a V| EAEIFE «» O SAmB Y
M12-DIN 7990 Name M16-1S0 4017 IM12-4.6 ] Name M16-8.8
M16-DIN 7990 Diameter [mm] 16,00 M16-4.6 4 Bolt
M20 - DIN 7990 | Bore hole {m| M20-4.5 Selected by
Mzz-DiIN 7990 | Diameter of wrench required flpr m : | AT Type Normal
:24’:': e Head diameter [m et Lo Boltgrade 8.8 v
27 - DIN 7990 & . |M27-4.6 g -
M30-DiNTa50 Diagonal head diameter [mm] 26,75 k- Ultimate tensile strength [N/mr 800,000
M12-DIN G914 Head bl [om} 29,00 Im1z-108 “ild
w i A - 4034 .
M16-DINGa14 Gross crns? section area [mm*2] 201,00 \M16-109 Selected nut M16-150 v.
M20-DIN 6914 Tensile stress area [mm*"2] 157,00 M20 v'ms 4 Washer
M22-DIN 6914 M22-10.9 Washer atthe head
M24 - DIN 6914 M24-10.9 Washer at thenut u
M27-DIN 6914 ‘M27-10.9 Selected washer M16-150 7089 ¥
M30-DIN 6914 ‘M30-109
M36-DIN 6914 M36-10.9
M12-1S04017 M12-10.9-HV
M16-150 4017 M16-10,9-HV
M20-1S0 4017 M20-10.9-HV
M24-150 4017 M22-10.9-HV
M30-150 4017 M24-10.9-HV
M36-1S04017 'M27-10.9-HV
M39-150 4017 M30-10.9-HY
M42-150 4017 ‘M36-10.9-HV
M45- 150 4017 M12-8.8
M4g - IS0 401T M16-8.8
M52-1S0 4017 ‘M20-8.8
M12-150 401
New | Insert | Edit 0k || New | insert | edit oK

BV —2026/10/30
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To check the connection, you have to click on Refresh.
With the option “Open Preview” you can have a summary output of the connection:

Steel connection

Mame Conn

Node N2
Connection type Frame bolted
Connedtion geometry | Single-sided
Calculation type Internal forces
L/ Combi LC1

Connection analysis (summary): Side [B3]
Internal forces

NEd 0.00 kN
vz Ed 10.00 kN
My,Ed |-10.00 [kNm
Vy Ed |0.00 ki
Mz Ed |0.00 kMNm

«HSTRONG-AXIS CALCULATION::..
Design resistances

My Rd [36.65 |kNm
Nj,Rd 24540 [kN
Vz,Rd 154.02 | kN

Limiting parts

In tension End plate in tension
In compression | Column web in shear
Stiffness

Siini |10.9694 [MNm/rad
5] 10.9694 [MNm/rad

Classification Systern SEMI RIGID
Stiffness check | Not ok

«HWEAK-AXIS CALCULATION::...
Design resistances

MjzRd |1.82 kNm
Vy,Rd 144.47 kN

Stiffness

Siini  |0.0885 | MNm/rad
5] 0.0885 |MNm/rad

et tRESULTS::.

Unity checks

My, Ed/Mj,y,Rd 0.27
Mz, Ed/Mi,z,Rd 0.00
MEd/Nj,Rd 0.00
Vz,Ed/Vz,Rd 0.06
Wy, Ed/Vy,Rd 0.00
Vz,Ed/Vz,Rd + Vy Ed/VyRd 0.06
My, Ed/Mi,y,Rd + Mgz Ed/Mj,zRd 0.27

The calculated unity checks and stiffness’s will be explained in detail in the following chapters.
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4. Check of the connection (unity check)

The whole check of the chapters below will be discussed using the example made in the chapter “Creation of a small
example in SCIA Engineer” or using example “CON_004.esa”.

When looking in SCIA Engineer at the detailed output you will find the detailed calculation of SCIA Engineer.

STEEL COMMECTION (1) 4

AP
Hame Conn
Node
Typeof loads  Load cases
Loadcases  LC1 ~
Fametype  braced
Connection geometry
v SIDE >{B3]
Connection type  Frame baolted -
End-plate (-
Backing plate  ((J 3
Tophaunch ()
Bottom haunch @I
Bo: @~
Top stiffener (7 )
Bottom stiffener ()
Diagonal stiffener Q:\
Webdoubler (7 )

il

il

Length for stifiness
= STIFFEMERS

Between boltvows 12 (] )

Between bolt-rows23 () )
Bebereen bolt-rows 34 {__Z)

ACTIONS 30
() Fefresh
(&) Open Preview

@ Save to expert database

In this document we will describe all checks in SCIA Engineer step by step based on EN 1993-1-8. Ref.[1].
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The general analytical procedure which is used for determining the resistance and stiffness properties of a joint, is the
so-called component method. The component method considers any joint as a set of individual basic components. Each
of these basic components possesses its own strength and stiffness. The application of the component method requires

the following steps:

1. identification of the active components in the joint being considered

2. evaluation of the stiffness and/or resistance characteristics for each individual basic component

3. assembly of all the constituent components and evaluation of the stiffness and/or resistance
characteristics of the whole joint

Three steps

First step:

Definition of the

Column web in
shear

Column web in
tension

Column web in
compression

components — —d -
U #—
Second step: . F e i F
fd F
Response of VL ER, 2 an " e
the components A = 2 !
! &7 ""3

Stiffness coefficient ki of each component

Resistance Fra of Each component

Third Step:

Assembling of
the components

M |

Stiffness of the joint S;; = E h* / Y 1/k;

Resistance of the joint Mg = min(Fgq;) - h

14
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In the following tables all different components are shown:

BV —2026/10/30

Component
A
Column web panel Beam or column
1 in shear 7 | flange and web -
il Compression
i — V. Foea .
- Ed —_— |
J.
Column web Af— —
2 | In transverse g Beam web Fieq s
compression n tension
— @ |e=Fca
rJ
1
.._r FiEa
. . ™" Figa O Fiea
) J_C.olunm web Plate
3 |1in transverse : .
z 9 | in tension or
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Concrete

13 | m compression f _jﬁ
including grout r
e RE 30
-
@" il !l‘i
Base plate & 2 J’@
14 | m bending under A -
compression ";" -_I:\ . @ N
i @ - -
- y
Base plate in ) v
15 | bending under /L M
tension _,.a®
Anchor bolts . '
16 in tension 4\ \;:I‘@
fol
Anchor bolts
17 |
Tension a bolts in tension
b end plate bending
18 Ajlchog bolts | q bendi
1 bearing 9 column flange bending
d beam web tension
e column web tension
19 | Welds f flange to end plate weld
G web to end plate weld
Horizontal H column web panel shear
{g shear
20 | Haunched beam £ Compression J beam flange compression
1‘ K beam flange weld
[, m | column web in compression
Vertical shear n web to end plate weld
p bolt shear
q bolt bearing
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4.1. General data

In the preview in SCIA Engineer, first general data is shown about the used sections, the used bolts, ...

Steel connection

Name Conn
Node N2
Connection type Frame bolted
Connection geometry Single-sided
Calculation type Internal forces
Lc/Combi LC1
Connected beams
Name Cross-section Material Length Beg. node End node Type
[m]
B1 CS1 - HE1408 S 235 2,000 |N1 N2 column (100)
B2 CS1 - HE1408 S 235 2,000 [N2 N3 column (100)
B3 CS2 - IPE220 S 235 2,000 |N2 N4 beam (80)
Parts of connection: Side [B3]
Bolts
Mame Bolt pattern 2 bolts/row
Internal baolts 80,00 |External bolts
distance [mm] distance [mm]
Length [mm] 50,00 |Reference Bottom of the beam
1i.Location [mm] 250,00 | 2.Location [mm] 180,00
3.Location [mm] 4. Location [mm] 40,00

End-plate

Bottom extension
[mim]

15,00

Material S 235 Left extension [mm] 15,00
Thickness[mm] 12,00 Right extension [mm] 15,00
Input Top/Bottom/ Left/Right Total width [mm] 140,00
Top extension [mm] 70,00 |Total height [mm] 305,00

Afterwards the safety factors according EN 1993-1-8 are shown:

Connection analysis: Side [B3]

According to EN 1993-1-8
National annex: Standard EN

Partial safety factors
Gamma M0 1.040
Gamma M1 1.00
Gamma M2 1.25
Gamma M3 1.25

Those safety factors can be adapted in the National Annex Setup in SCIA Engineer.
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And afterwards the internal forces are shown for the chosen load case or combination:

1. Internal forces

NEd 0.00 |kN
Vz,Ed |10.00 |kN
My,Ed  |-10.00 |kNm
Vy,Ed |0.00 _ |kN
MzEd [0.00  |kNm

Tension top
Note: NEd <= 0.05 * Npl,Rd,Beam.

The internal forces, shown here, will result in the biggest unity check or in a stiffness check which is not okay.

You can see in this example that we have a negative moment My, so we have tension in the top flange of the beam. If

we have tension in the bottom flange of the beam, the whole calculation is the same, but the first bolt-row will be taken
as the bottom one.

Next the calculation of the connection will be shown, both for strong-axis as the weak-axis side.

4.2. Column web panel in shear
As shown in SCIA Engineer, this will be calculated following EN 1993-1-8, art. 6.2.6.1:
Vi = 0.9, Ay
‘ \/3_'YM0
Shear area of the column:
Ayc =A—2-b-te+ (ty +2r) - t¢
Ayc=4300—-2-140-124+(74+2-12)-12 = 1312 mm?

v _09:f. A 092351312
wp,Rd \/:))_'YMO \/3—1

1072 = 160.21 kN

In SCIA Engineer:

2. Design moment resistance Mj,y,Rd

2.1. Design resistance of basic components
2.1.1. Column web panel in shear

According to EN 1993-1-8 Article 6.2.6.1

Beta 1.00
Ave 1312.00 |mm?2
Vwp,Rd |160.21 kN

4.3. Column web in compression
As shown in SCIA Engineer, this will be calculated following EN 1993-1-8, art. 6.2.6.2:

w'kwe'pbeff cwetwefy,we

wkwebeff,c,wetwefy,we
(6.9): l:c,wc,Rd =

but FC wc,Rd <
YMo T

YM1

(6.11):  begr = ta, + 2v2ap + 5(tre +5) + 5,
sp =12+ (15-+2-5) =19.93
Above the bottom flange, there is sufficient room to allow 45° dispersion
Below the bottom flange, there is NOT sufficient room. Thus the dispersion is limited.
begr = 9.2 +2v/2+ 5+ 5(12 + 12) + 19.93 = 163.27 mm
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Table 5.4: =1 -> Table 6.3: w = w1

1 1
w=w; = - twcz= > 2=0,71
J1+1.3( eff_c,wc-A—vc) \/1+1.3(163.27-m)
kwc = 1
_ okwebeffewetwefywe _ 0.71:1-163.27-7-235:1073
l:‘c,wc,Rd - -

=190.56 kN

YMo 1
In SCIA Engineer:

2.1.2. Column web in compression
According to EN 1993-1-8 Article 6.2.6.2

beff,cwc [163.27 |mm
twc 7.00 mm
wl 0.71

w2 0.45

(0] 0.71

dwc 92.00 mm
Ap,rel 0.55

p 1.00

kwc 1.00

Fc,wc,Rd  |190.56 |kN

4.4. Beam flange and web in compression
As shown in SCIA Engineer, this will be calculated following EN 1993-1-8, art. 6.2.6.7:

Mcrd Wpifyb
6.21): F, =—=2C =
( ) Feg ra (h-tepy  vYmo(h—tep)

Wpifyb _ 285-10°mm*235-10"3kN/mm’* _ 66975 kKNmm = 66.98 kNm
YMo 1 ’

Mc,Rd =

h —tp =220 —-9.2 = 210.80 mm

McRrd _ 66975 KNmm
(h—tfb) 210.80 mm

FC,fb,Rd = =317.72 kN

In SCIA Engineer:

2.1.3. Beam flange and web in compression
According to EN 1993-1-8 Article 6.2.6.7

Fc,fb,Rd data

Section class |1

Mc,Rd 66.97 kNm
hb-tfb 210.80 |mm
Fc,fb,Rd 317.72 |kN
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4.5. Resistance of the T-stub

4.5.1. Principle of a T-stub calculation

The end plate bending and the column flange bending or bolt yielding, are analysed, using an equivalent T-stub. The
three possible modes of failure of the flange of the T stub and the resistance strength for each mode are:

G*MFI'.H ;M

1. complete flange yielding
Frong wt— Mppd

'\x‘_\_\u
Q= 08F ?M
5 o

The bolts stay intact, only the column flange (or end plate) will yield.

aM .
Frirda = % with Mpp1 ra = 0,25 X lege 1 tFf, /Yamo

2. bolt failure with flange yielding

“7‘“% |

The bolts brake together with the yielding of the column flange (or end plate).

2Mp12 Rd*+N X Frrd
m+n

Frord = with Mp1ora = 0,25 X lege 2 tE £, /Yo
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3. bolt failure

§/

DEED,

——m
REER, o

The bolts brake. But there is no influence on the column flange (or end plate).

Frara = Z Fira

And the minimum of Fr1,rd, F1,2,rd @and Fr,3rdis the limiting tension strength value for the bolt row or bolt group:

Fe,rd = min (Fr,1,8d; Fr,2,Rd; FT,3,Rd)

Moy & Mypy

For the failure of the end plate or column flange, an effective length for the different bolt locations will be calculated.

We will assume the effective length for a bolt row or a bolt group and the failure mode could be with a circular pattern
or with a non-circular pattern. In the table below some examples are shown for the circular and the non circular

patterns:

Circular pattern
Bolt row

Inner bolt row

—{l—

Non-circular pattern
Bolt row

Inner bolt row

SR P
i A

_.'L_
End bolt row
s
el | La Il A
- . - . ¥ -

By
Il (s

Circular pattern
Bolt group

Inner bolt row

Yy

——!!l!ll
ﬁ"rrff-'i T
' |||||||
[T

Non-circular pattern
Bolt group

Inner bolt row

End bolt row

_f,‘I'L
|

'
|
T
bl

i
I
k-

B
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Remark: The formulas given for the calculation of Frra for the different failure mode are only applicable if prying forces
may develop. This criterion is given in EN 1993-1-8, Table 6.2:

Table 6.2: Design Resistance F;rs of a T-stub flange

Prying forces mayv develop, 1.e. Ly = Ly

No prying forces

Mode 1 Method 1 Method 2 (alternative method)
without AM (8n—2e, )M ;1 n
backing | Fp ga= — 222 Fryys= .
plates m 2mn—e, (m+n) |
Frinpa= =M o1 Ra
with 4M ;g +2M (8n—2e, )M,z +4nM TR m
backing | Frige= —ZE " T Bl | Frigg= i e bp.Rd
plates m 2mn—e, (m+n)
2M 5 gy +NEF,
Moste 2 Frapa= F‘H: +1 =
Mode 3 Friza=XIF, 4,

If no prying forces may develop, Mode 1 and 2 will be calculated as follows:

4.5.2. Boltsinfo

2Mp) 2 Rd

Fri_ =
T,1-2,Rd m

From the general data of the used bolts (M16 — 8.8) the tension resistance of one bolt can be calculated as follows:

0.9f,pA; _ 0.9800 MPa-157 mm?
W 125

Fipg = =90432 N = 90.43 kN

2.1.4. Design tension resistance of bolt-row
According to EN 1993-1-8

Article 3.6

fub 800.00 [N/mm?
As 157.00 |[mm?
k2 0.90

Ft,Rd  [90.43 kN

Lb 38.80 mm

Note: The bolt-rows are numbered starting from the bolt-row farthest from the centre of compression as given by EN 1993-1-8 Article 6.2.7.2 (1).
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4.5.3. Column flange

4,5.3.1. General parameters

First some definitions of the parameters, following EN 1993-1-8 (Ref[1]), Figure 6.8 a:

08r, m e e=30mm
M nila
[ | I‘OH‘I - be—twc _ _
T l + -+ m = =% 0.8r—e
€ min (see also EN1993-1-8 (Figure 6.8))
. 140 -7
4 m = —0.8-12—-30 =269 mm
He—k
, 26,9 30 emin =30 mm

n=enp, < 1,25-m=125-269 = 33.6 mm
(see also EN1993-1-8 (Table 6.2))

n=30mm
Row | p(p1+p2)
1 0.0+ 35.0
2 35.0+ 70.0
3 70.0+0.0
And this is also shown in SCIA Engineer:
row p(pl+p2) ) el m n

1 0.00+35.00 30.00 1860.00 26.90 30.00

2 35.00+70.00 30.00 |- 26.90 30.00

3 70.00+0.00 30.00 1930.00 26.90 30.00

To calculate the column flange, we need to choose between the effective lengths of an unstiffened column flange
(Table 6.4 En 1993-1-8 - Ref.[1]) or for the effective lengths of a stiffened column flange (Table 6.5 EN 1993-1-8 -
Ref.[1]).

In this case the column flange is unstiffened. In the table below the difference is shown:

Unstiffened column flange Stiffened column flange
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So in this example the following table is used for the calculation of the effective lengths:

Table 6.4: Effective lengths for an unstiffened column flange

Bolt-row considered Bolt-row considered as
Bolt-row |individually part of a group of bolt-rows
[Location |Circular patterns  [Non-circular patterns Circular patterns Non-circular patterns
t!ﬁ.m Lagrne Eeil".v:u E’Eﬂ'.nl:
[nner ’
2 +12 2
bolt-row <K s L + g
End The smaller of: The smaller of: [The smaller of: The smaller of:
T 2mm 4m+ 125 mm+p 2m+0.625¢ +0.5p
Sl o+ 2 Im+0.625e+¢a 2 +p e;+0.5p
Mode 1: b1 = fagne bt Lemy = Lmg Ylerr = Yhegn but Yl = Yleo
MOdE Z Ee&'.l = Ea.‘.t’_n.l: Zfeﬂ,j = E-Eeﬁ,m:

This table of the EN1993-1-8 has been extended in SCIA Engineer based on the publications “Joints in Steel Construction
— Moment resisting joints to Eurocode 3” and “HERON vol. 20 by P. Zoetemeijer”. You can find the effective length
formulas for column flange classifications in the table below.

Bolt-row considered Bolt-row considered as part of a
Bolt-row classification individually group of bolt-rows
circular non-circular circular non-circular
v . 0,5p +am
Bolt-row adjacent to stiffener 2nm am mm+p
—-{2m +0,625¢e)
Other inner bolt-row 2mm am +1,25e 2p p
2nm 4m+1,25e mm + 2m + 0,625e +0,5
Other end bolt-row at end of column £ P
nm +2el 2m +0,625e + el 2e1+p e1+0,5p
2mm am
End bolt-row adjacent to stiffener el+am - .
nm +2el
-(2m +0,625e)
Other end bolt-row 2mm 4m +1,25e mm+p 2m +0,625e +0,5p
Bolt-row between stiffeners 2nm o +a'm - (4m + 1,25e)) - -

Within SCIA Engineer, a bolt row may be classified on a column side as:
*  Bolt-row adjacent to stiffener - if the bolt row lies next to a stiffener and is within limit distance
e Other inner bolt-row - if the bolt-row lies between other bolt-rows
e Other end bolt-row - if the bolt-row lies next to a stiffener, which is farther away to the axis of a connected
beam, and is outside the limit distance
*  End bolt-row adjacent to stiffener - if the bolt-row is the first or the last bolt-row, lies next to a stiffener, which
is closer to the axis of a connected beam
e Other end bolt-row at end of column - if the bolt-row is the first or the last bolt-row, lies next to a stiffener,
which is closer to the axis of a connected beam, and is outside the limit distance or if the bolt-row is the first or
the last bolt-row and does not lie next to a stiffener
*  Bolt-row between stiffeners - if the bolt row is the only bolt-row between stiffeners and lies within the limit
distance of both stiffeners
First we choose for each bolt row the classification/location. In this example:
Row 1 and Row 3: Other end bolt-row at end of column
Row 2: Other inner bolt-row

And the same is shown in SCIA Engineer:

2.1.4.1. Column flange
According to EN 1993-1-8 Article 6.2.6.3, 6.2.6.4
(effective lengths in mm, resistance in kN)

row m2U m2L [imit near stiff. U near stiff. L Classification

 § Other end bolt-row at end of column
2 - - - - - Other inner bolt-row
3 - - - - - Other end bolt-row at end of column
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4.5.3.2. Ft,fc,Rd of bolt rows considered individually

The calculation of leff can be done using Table 6.4. of the EN 1993-1-8 (Ref.[1]).

Row 1
leff circular patterns: the smaller of:
2nm = 2*3.14*26.9 = 169.02
nm + e1 = 3.14*26.9 + 1860 = 1944.51
leff non-circular patterns: the smaller of:

4m +1.25e =4*26.9 + 1.25*30 = 145.10

2m +0.625e + e1=2*%26.9 + 0.625*30 + 1860 = 1932.55

Row 2

leff circular patterns: 2mm = 2*3.14*26.9 = 169.02

leff noN-circular patterns: 4m + 1.25e = 4*26.9 + 1.25*30 = 145.10

Row 3
leff circular patterns: the smaller of:
2nm = 2*3.14*26.9 = 169.02
mm+e1=3.14%26.9 + 1930 = 2014.51
leff non-circular patterns: the smaller of:

4m +1.25e =4*26.9 + 1.25*30 = 145.10

2m +0.625e + e1=2*26.9 + 0.625*30 + 1930 = 2002.55

Row leff circular patterns leff non-circular patterns
1 169.02 145.10
2 169.02 145.10
3 169.02 145.10

In SCIA Engineer:

1| 169.02 | 145.10
2| 169.02 | 145.10
3| 169.02 | 145.10

And now from the bottom of Table 6.4:

Mode 1: o1 = Eomnc

but ey = Lo g

Mode 2: Ly = Liga

So this results in:

Mode 1: |eff,1 = |eff,nc but |eff,1 < |ef'f, cp => |eff,1 =145.10

Mode 2 : Ieff,Z = Ieff,nc => |eff,2 =145.10
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Now we can calculate Mpi,1,rd and Mpi,2,rd for the two modes, with the formula given at the bottom of Table 6.2 of the
EN 1993-1-8 (Ref.[1])

0.25-145.10-12%-235-1073

Mpr1,rd = Mpl2rd = 0-252 Leert £y /Ymo = 1 = 1227.5kNm

To decide which formula we are using for the calculation of Fr,1rd and Fr,2,rd we have to check if prying forces may
develop.

Ly is the bolt elongation length, taken as equal to the grip length (total thickness of material and washers), plus half the
sum of the height of the bolt head and the height of the nut.

Lb =1t + tp + twasher + (hboltfhead + hnut)/z
=12+12+3.3+(10+13)/2
=38.8 mm

Prying forces may develop if Ly < Lp*

L= 8.8m’Ag — 8.8 (26,9)*157
b Tlet? P 145.10-(12)°

1 =107 mm (see formula in Table 6.2 of EN 1993-1-8 (Ref.[1]) )

(with A = tensile stress area of the bolt As and ny = number of bolt rows)

= L, <Ly
= Prying forces may develop

So now we can use the formulas given in Table 6.2 En 1993-1-8 (Ref.[1]) to calculate the different mode. The effective
lengths for all bolt-rows are the same so:

Mode 1:
By default the alternative method is used for determining Fr ; rq, this can be changed in the connections setup >
structural joints : ‘Use alternative method for Ft,1,Rd’

(8n—2e,)Myipa (830 —2-6.75) 12275

F = = = 225.5kN
TIRA ™ omn —e,(m+n) 2-26.9-30—6.75 (269 + 30)
Mode 2:
2M +nYF 2-1227.5+30-2-90.43
_ pl,2,Rd tRd _ -
Frora = m+n 269 130 138.5 kKN
Mode 3:

Frsra = Z Fira = 2 90.43 = 180.9 kN
o  Frgcra = 138.5 KN (smallest of the three modes)

All those results are shown in SCIA Engineer:
Note: The Alternative method for FT,1,Rd according to EN 1993-1-8 Article 6.2.4, Table 6.2 is used.

For individual bolt-row:

row leff,1 leff,2 Lb* Prying forces FT,1,Rd FT,2Rd FT,3,Rd FtfcRd,i
1 145.10 145.10 107.26 v 225.53 138.51 180.86 138.51
2 145.10 145.10 107.26 v 225.53 138.51 180.86 138.51
3 145.10 145.10 107.26 v 225.53 138.51 180.86 138.51
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The value for Ly was given already in the data of the bolts itself:

2.1.4. Design tension resistance of bolt-row
According to EN 1993-1-8 Article 3.6

4.53.3.

The design resistance of an unstiffened column web subject to transverse tension should be determined from:

Column web in tension for the individual bolt rows

b Wi f W
Frwerd = meff't'+tocy'c(see also EN 1993-1-8 : 2005; formula (6.15) — Ref.[1] )

With: beff,t,wc = leff: 145.10

And w, to allow for the possible effects of shear in the column web panel, should be determined from Table 6.3 (EN

1993-1-8):
Table 6.3: Reduction factor « for interaction with shear
Transformation parameter /3 Reduction factor @
0 < B < 0.5 @ - 1
0.5 < B < 1 @ = wp+2(1 =/ (1 —my)
Foo= 1 © = o
1 < B < 2 @ = o+ (f— (e — o)
B = 2 o = 2
1 1
01= — W= — :
VIAL3B gt [ 4. (SRt LAY
Ay 18 the shear area of the column. see 6.2.6.1:
B is  the transformation parameter. see 5.3(7).
And:

Table 5.4: Approximate values for the transformation parameter g

Type of joint configuration Action Value of /8
i My1.e4
Mb1.Ed
N\ 3
<) / Mp1a A=1
( J J
. Myipa = Mwge B =0 %)
M M M M
b2,Ed b1,Ed " b2,Ed b1,Ed ‘
7 Myrpa/ Myogs = 0 B=1
( % A { D
\ T/‘ \ ‘ E Myrpa /Mippa < 0 £ =2
L L
My1ga + Mwgs = 0 p=2

%)

In this case the value of f is the exact value rather than an approximation.
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In this example:
p=1
W= W1

1

W = W =
\/1 + 1-3(beff,c,wctwc/Avc)2

Aye =A—2-btee + (tye + 2r0) -ty
Aye = 4296 —2-140-12+ (7 +2-12) - 12 = 1308 mm?

1 1

®w=w = = -=0.75
J1+1-3(befﬂc,wctwc/Avc)z J1+1.3(145.10-7/1308)
. 7. 10-3
& Fryerd = wbeff twetwefywe _ 0.7514510:7:235107° _ 179 kN
i YMo 1
In SCIA Engineer:
row beff,t,wc twc wl w2 ) Ft,wc,Rd,i
1 145.10 7.00 0.75 0.49 0.75 178.95
2 145.10 7.00 0.75 0.49 0.75 178.95
3 145.10 7.00 0.75 0.49 0.75 178.95
4534, Ft,fc,Rd of bolt rows considered as part of a group
Row 1

lefr circular begin bolt-row = tm + pend = 3.14*26.9 + 70 = 154.51

leff non-circular begin bolt-row = 2m + 0.625e + 0.5p = 2*26.9 + 0.625*30 + 0.5*70 = 107.55
Row 2

leff circular inner bolt-row = 2p = 2*(35.0 + 70.0) = 210

leff non-circular inner bolt-row = p = 35.0 + 70.0 = 105

leff circular end bolt-row = mm + pend = 3.14*26.9 + 70 = 154.51

leff non-circular end bolt-row = 2m + 0.625e + 0.5p = 2*26.9 + 0.625*30 + 0.5*70 = 107.55
Row 3

lefr circular end bolt-row = tm + pend = 3.14*26.9 + 140 = 224.51

leff non-circular end bolt-row = 2m + 0.625e + 0.5p = 2*26.9 + 0.625*30 + 0.5*%140 = 142.55

Summary:
Row loss circular left NON-circular lesf circular lef nON-circular leff circular leff NON-circular
inner bolt-row inner bolt-row end bolt-row end bolt-row begin bolt-row begin bolt-row
1 - - - - 154.51 107.55
2 210.00 105.00 154.51 107.55 22451 142.55
3 - - 22451 142.55 - -
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In SCIA Engineer:

210.00 105.00 154.51 107.55 224.51

2
3 = - 224.51 142.55 =

Mode 1: ¥ lepr1 = X lefrnc but Xlerrr < Xlesrep
Mode 2: ¥ lefry = Xleftnc
Row 1-1: not considered, same as the individual bolt row.
Row 1-2:
2 lefrep = 154.10 + 154.50 = 309.02
Y lefene = 107.55 + 107.55 = 215.10

Mode 1 = Mode 2: lef = 215.10

5 0.25-215.1-122-235-1073
Mp11,rd = Mpl2rd = 0-252 lesstefy /Ymo =

1

Prying forces may develop if Ly < Lv*

Lb=38.8 mm
« _ 88m°Ag _ 88(269)%157 , . _
Ly = Slonts My = et0a2) 2 = 145 mm (with np = number of bolt rows)
= L, <Lj

= Prying forces may develop

(8n-2ew)Mpl1rd _ (8:30-26.75)-1819.8
2:26.9:30—6.75+(26.9+30)

= 335.13kN

Mode 1: FT,1,Rd =

2mn—ew(m+n)

2M +nYF 2:1819.8+304:90.43
. _ 2Mpi2rd tRd __
Mode 2: Frpra = m+n - 26.9+30

= 254.7 kN

Mode 3: Fy3rq = X Fira = 4+ 90.43 = 361.7 kN

= FT,Rd = 254.7 kN

Row 1-3:
Y lerep = 154.51+ 210.00 + 224.51 = 589.02
Y legrne = 107.55 + 105.00 + 142.55 = 355.10
Mode 1 = Mode 2: lefs = 355.10

5 0.25-355.1-12%-235-1073
Mpl,l,Rd = 1v[pl,Z,Rd = 0-252 1efftffy/YMO =

1

Prying forces may develop if Ly < Lp*

Lb=38.8 mm
« _ 88m°Ag _ 88(269)%157 ., ) _
Ly = I n, = 355.1012)° 3 = 131 mm (with np = number of bolt rows)
= L, <Lj

= Prying forces may develop

(8n—2ew)Mp]1,Rd 8:30-26.75):3004.1
Mode 1: Fp 1 pg = w)¥pliRd _ _( ) =553.2kN
[ 2mn-—eyy (m+n) 2:26.9:30—6.75-(26.9+30)
2Mpl 2 RdTN X Ftrd _ 2:3004.1+30:6:90.43
Mode 2: Fp,pq = =22 = =391.7kN

m+n 26.9+30

Mode 3: Fy3rq = X Fira = 6 90.43 = 542.6 kN

= Frra = 391.7KkN
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= 1819.8 kNm

= 3004.1 kNm
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Row 2-3:

Y lettep = 224.51 + 224.51 = 449.02

Y legrne = 142.55 + 142.55 = 285.10

Mode 1 = Mode 2: leff = 285.10

Mpl,l,Rd = Mpl,Z,Rd = 0-252 lefft?fy/YMO =

Prying forces may develop if Ly < Lp*
Lb=38.8 mm

Ly, =

_88m°Ag
T legft?

= L, <Ly

= Prying forces may develop
Mode 1: FT,1,Rd =

Mode 2: FT,Z,Rd =

Mode 3: Fr3pq = X Fera = 4 - 90.43 = 361.72 kN

n, =

_ 8.8(26.9)3157
285.10-(12)3

(8n—2ew)Mpj1Rd _

(8:30-26.75)2411.9

0.25-285.1-12%-235-1073

2mn—ew(m+n)

2:26.9:30—6.75-(26.9+30)

_ 2Mpj2Rd+nXFrRrd _ 2:2411.9+30-6:90.43

= FT,Rd = 275 5 kN

In SCIA Engineer:
For group of bolt-rows:

m+n

26.9+30

1

= 444.2 kN

= 275.5kN

2 = 109.2 mm (with ns = number of bolt rows)

= 24119 kNm

group leff,1 leff,2 Lb* Prying forces FT,1,Rd FT,2,Rd FTI,3,Rd FtfcRd,g
i~ 2 215.10 215.10 144.71 v 334.34 254.68 361.73 254.68
i~ 3 355.10 355.10 131.48 v 551.95 391.67 542.59 391.67
2~ 3 285.10 285.10 109.18 v 443.14 275.50 361.73 275.50
4535 Column web in tension for bolt rows considered as part of a group
Row 1-2
w=w = = = = - 0.61
\/1+1-3(beff,c,wctwc/Avc)z J1+1.3(215.10:7/1312)
wbefftwetwefywe _ 0.61:215.10-7-235:1073
= Frwerd = my R = 1
Mo

& Frwcra = 214,86 kN

30

BV —2026/10/30



Row 1-3:

w = W

= l:“T,wc,Rd =

1

mbeff,t,wctwcfy,wc _

J1+1-3(beffcwctwc/Avc)2 J/1+1.3(355.10:7/1312)?

0.42-355.10:7-2351073

=  Frwcra = 245.40 kN

Row 2-3:

W= W =

= l:"T,wc,Rd -

1

_ wbeff,t,wctwcfy,wc _

0.50-285.10:7-235103

& Frwcra = 234.26 kN

In SCIA Engineer:

=0.42

= =0.5
\/1+1'3(beff.c,wctwc/Avc)z ‘/1+1'3(285'1.7/1312)2

group beffttwc w1 ®2 ) Ft,wc,Rd,g
1= 2 215.10 0.61 0.36 0.61 214.86
- 3 355.10 0.42 0.23 0.42 245.40
2- 3 285.10 0.50 0.28 0.50 234.26

45.4. Endplate

We can repeat the whole principle of the column flange calculation on the end plate. In this case we are using Table 6.6

of the EN 1993-1-8 (Ref.[1]).

454.1.

General parameters

First some definitions of the parameters, following EN 1993-1-8 (Ref[1]), Figure 6.8 a:

BV —2026/10/30

Some picture from Figure 6.10 of
EN 1993-1-8.

For the end-plate extension, use ex
and mxin place of e and m when
determining the design resistance
of the equivalent T-stub flange.
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Row 1

ex = hendp\ate - hrow1 —dista NCE&Endplate_under — IPE220_under
ex=305-250-15=40

fyd Weld size
= 240 N/mm? 2051t
awz 0.5 tws
> 240 N/mm? az0.7t
awz 0.7 twn

ar=05"t, =05:92=4.6>a; = 5mm
m, =Top—e;,—08-a- N (see also EN1993-1-8 (Figure 6.10))
my = (305 — 220 — 15) — 40 — 0.8 5-/2 = 24.34

D,Bacvrl’ m e

a,

A

v
n=emn=40mm < 1.25-m = 1.25- 24.34 = 30,42 mm
n=30.42 mm

w =80 mm

Row 2 and Row 3

Using Figure 6.11 of the EN 1993-1-8

| I
L
IR
IREARN
0,9 } \

I

[

08

. ALY
\ \
\

0.5
0.4 \
0.3
4,45
0,2
o1 4,75
‘ |55

o o1 02 03 04 05 08 07 08 08
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e=30mm
fyd Weld size
< 240 N/mm? az2051tnm
awz 0.5 tup
> 240 N/mm? a2 0.7ty
awz 0.7 tup

ay =05 ty, =0.5:5.9 =3.0

_ bendplate_twc

2
_ 140-5.9

n=emn=30mm< 1.25-m = 1.25-33.66 = 42.01 mm

—e—08-a-v2 (see also EN1993-1-8 (Figure 6.10))
—30-0.8-3-/2 =33.66 mm

n=30mm
fa-
= Oy E—
[an)
@ wl
W g %
—_— N
o G
0.0
15,0 15)0 140.0
My row2 = € — b — 0.8-a¢- \/E
My rowz = (35 + 92—2) —92-08-5-2 =2474mm
m; row3z = hyows —tg— 0.8+ a¢- ‘/Z
My rows = (35 + 92—2) ~92-08-5-2 =2474mm
L. 33.66 _ 053
' " m+4e 3366+30
My pows 24.74
Azrowz = Azrows = Tv; = 3366130 03
= a=5.77 (Figure 6.6; EN 1993-1-8)
Row P (p1+p2) e m n A A2 a
1 0.0 +35.0 40 (= &) 24.34 30.42 - - -
2 35.0+70.0 30 33.66 30 0.53 0.39 5.77
3 70.0+ 0.0 30 33.66 30 0.53 0.39 5.77

In SCIA Engineer:

p(p1+p2) e

1 0.00+0.00 30.00 40.00 |- 24.34 3043 |- = E

2 0.00+70.00 30.00 33.66 |- 30.00 0.53 0.39 577 =

3 70.00+0.00 30.00 33.66 |- 30.00 |- = 0.53 0.39 5.77
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To calculate the end plate Table 6.6 of the EN 1993-1-8 - Ref.[1] is used.
Table 6.6: Effective lengths for an end-plate

Boli-row considered Bolt-row considered as
Bolt-row individually part of a group of bolt-rows
location Circular patterns Non-circular patterns | Circular patterns Non-circular

[eﬁ’.cp {EE'EII: [eﬁ’.@ Paﬁfﬁﬁ {eﬂ'.nc

] Smallest of:
Bolt-row outside Sz}z}lram].lesr e 4m, +1.2%e,
tension flange - :— . et2m 0,625, — —
of beam s 0.5B,
S 0.5w+2m+0.625e,

E:;:\:) ?21_:?0\; 2mm o mm +p Vi han
flaiias b b — (2m +0.625%)
Other inmer

2 2 7
bolt-row 2mm dm+125e 2p D
Other end . -

2 2 7 +0,625e+0.5
bolioow 2am dm+125e am+p 2m+0,625e+0.5p
Mode 1: o1 = legrne bt Lom1 = leag Pl =3 lagac but Y (g1 = ¥ Lo
Mode 2: [Eﬁlﬂ = [eﬂ':nc E[eﬂ: = z[eﬂ'.:u:
o should be obtained from Figure 6.11.

This table of the EN1993-1-8 has been extended in SCIA Engineer based on the publications “Joints in Steel Construction
— Moment resisting joints to Eurocode 3” and “HERON vol. 20 by P. Zoetemeijer”. You can find the effective length
formulas for end plates in the table below.

Bolt-row considered Bolt-row considered as part of a
Bolt-row classification individually group of bolt-rows
circular non-circular circular non-circular
2mmx 4mx +1,25ex
Bolt-row outside of beam T W el
mmx + 2ex 0,5bp
0,5w + 2mx + 0,625ex
Bolt-row adjacent to beam flange 2nm am nm+p 0,5p +am
-({2m +0,625¢e)
Other inner bolt-row 2mm 4m +1,25e 2p p
Other end bolt-row 2mm 4m+1,25e nm+p 2m +0,625e +0,5p
Bolt-row at the end of stiffened 2xm =
. . am—(2m +0,625e) +
extension adjacent to beam flange um + 2ex e
Bolt-row at the end of stiffened 2mm 4m +1,25e Zex+p ex+0,5p
extension away from beam flange nm + 2ex 2m +0,625e + ex nm +p 2m +0,625e +0,5p
Bolt-row between flanges Znm pm+a'm - (4m + 1,25e)

Within SCIA Engineer, a bolt row may be classified on an end-plate side as:

e Bolt-row outside of beam - if the bolt-row lies outside of the connected beam on an unstiffened end-plate
extension (no plate haunch is present)

*  Bolt-row adjacent to beam flange - if the bolt-row lies next to a beam flange and is within limit distance

*  Otherinner bolt-row - if the bolt-row lies between other bolt-rows

*  Other end bolt-row - if the bolt-row lies next to a beam flange, which is farther away to the axis of a connected
beam, and is outside the limit distance or lies on a stiffened end-plate extension, lies next to a beam flange and
is outside limit distance

*  Bolt-row at the end of stiffened extension adjacent to beam flange - if the bolt-row is the first or the last bolt-
row, lies on a stiffened end-plate extension, lies next to a beam flange and is within limit distance

*  Bolt-row at the end of stiffened extension away from beam flange - if the bolt-row is the first or the last bolt-
row, lies on a stiffened end-plate extension, lies next to a beam flange and is outside limit distance or if the
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bolt-row is the first or the last bolt-row, lies on a stiffened end-plate extension and does not lie next to a beam
flange

When looking at the previous table we can make the following bolt-row locations:

* Row 1: Bolt-row outside of beam
¢ Row 2: Bolt-row adjacent to beam flange
¢ Row 3: Bolt-row adjacent to beam flange

And the same bolt-row location will be shown in SCIA Engineer:
2.1.4.2. End-plate

According to EN 1993-1-8 Article 6.2.6.5, 6.2.6.8

(effective lengths in mm, resistance in kN)

fimit near flange U near flange L

1 G - Bolt-row outside of beam

2 25.14 = 104.88 v ~ Bolt-row adjacent to beam flange

3 - 25.14 | 104.88 - v Bolt-row_adjacent to beam flange J
454.2. Bolt rows considered individually

Row 1 - Bolt-row outside of beam:

lesf circular patterns = smallest of:

2nmx = 2*3.14*24.34 = 152.93
nimx +w = 3.14*24.34 + 80 = 156.47
nimx +2e = 3.14*24.34 + 2*40 = 156.47

leff non-circular patterns = smallest of:

4my +1.25 ex=4*24.34 +1.25%40 = 147.36

e+2myx+ 0.625ex = 30 + 2*24.34 + 0.625*40 =103.68
0.5bp=0.5*140=70

0.5w +2my+0.625 ex=0.5*80 + 2*24.34 + 0.625*40 = 113.68

Row 2 - Bolt-row adjacent to beam flange:

leff circular patterns = 2rmim = 2*3.14*33.66 = 211.49
leff noN-circular patterns: am = 5.77*33.66 = 194.22

Row 3 - Bolt-row adjacent to beam flange:

leff circular patterns = 2mm = 2*3.14*33.66 = 211.49

leff non-circular patterns: am =5.77*33.66 = 194.22

Row leff circular patterns leff non-circular patterns

1 152.93 70.00

2 211.49 194.22

3 211.49 194.22

In SCIA Engineer:

row leff,cp,i leff,nci
1 152.95 70.00
2 211.47 194.10
3 211.47 194.10
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And now from the bottom of Table 6.6:

Mode 1: (.[1 = {Iﬁ.ld but [.ﬂ_] 5 {.m

So this results in:
Bolt-row 1:

Mode 1: Ieff,l = Ieff,nc but Ieff,l < Ief'f, cp > Ieff,]. =70.00
Mode 2 : Ieff,z = Ieff,nc > Ieff,Z =70.00

Bolt-row 2; Bolt-row 3:

Mode 1: |eff,1 = |eff,nc but |eff,1 < |eff, cp > |eff,1 =194.10
Mode 2 : Ieff,Z = Ieff,nc > Ieff,Z =194.10

Now the same check for prying forces can be executed and the same formulas for the different mode.
Afterwards also the beam web in tension can be calculated again using the same formulas.
The manual calculation of this can be found in our calculation Steel design example of a joint with extended end plate”.

This will result in the following tables for the individual bolt-rows:

Note: The Alternative method for FT,1,Rd according to EN 1993-1-8 Article 6.2.4, Table 6.2 is used.

For individual bolt-row:

row leff,1 leff,2 Lb* Prying forces FT,1,Rd FI,2Rd FI,3,Rd Ftep,Rd,i
1 70.00 70.00 164.77 v 122.17 122.10 180.86 122.10
2 194.10 194.10 157.04 v 233.51 136.83 180.86 136.83
3 194.10 194.10 157.04 v 233.51 136.83 180.86 136.83

row beff,t,twb Ft,wb,Rd,i
1 - -
2 194.10 269.11
3 194.10 269.11
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45.4.3. Bolt rows considered as part of a group

Again for the bolt rows considered as part of a group, we can follow the same principle. For the end plate, only the
group 2-3 is a possible group. Between row 1 and row 2 we have the flange of the beam, which will be seen as a
stiffener.

So Row 1 and Row 2 are separate.
The only group is thus Row 2-3 and lef is calculated again using Table 6.6 of the EN 1993-1-8 (Ref.[1]).
Row 2:
leff circular begin bolt-row = tm + p = 3.14*33.66 + 140 = 245.73
leff non-circular begin bolt-row = 0.5p + am — (2m + 0.625e) = 0.5*%140 + 5.77*33.66 — (2*33.66 + 0.625*30) = 178.15
Row 3:
leff circular end bolt-row = tm + p = 3.14*33.66 + 140 = 245.73
leff non-circular end bolt-row = 0.5p + am — (2m + 0.625e) = 0.5%140 + 5.77*33.66 — (2*33.66 + 0.625*30) = 178.15

Summary of values:

Row lefr circular leff noN-circular leff circular leff NON-circular lesf circular lefr NON-circular
inner bolt-row inner bolt-row end bolt-row end bolt-row begin bolt-row begin bolt-row
1 - - - - - -
2 - - - - 245.73 178.15
3 - - 245.73 178.15 - -

In SCIA Engineer:

leff,nc,g,inner leff,cp,g,.end leff,nc,g,end leff,cp,g,start  leff,nc,g,start
1 - - - - - -
2 o & i = 245.73 178.03
3 - = 245.73 178.03 = =

Mode 1: Y leprr = Xlernc but Xlerrr < Xlesrep
Mode 2: ¥lefry = Xleftnc
Row 2-3:

3 letrep = 245,73 + 245,73 = 491.46

Y lefene = 178,15 + 178,15 = 356,29
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Mode 1 = Mode 2: leff = 356.29

In SCIA Engineer:

group |leff,.cp,g |leffnc.g
2- 3 491.47 356.07

0.25-356.29-12%-235:1073

Mpi1rd = Mpizrd = 0.25 X legetf £y /Ymo = - =3014.27 kNm

Prying forces may develop if Lp < Lp*

Lb =38.8 mm

Ly = 8';:::;5 ‘ny = % -2 = 171.16 mm (with n, = number of bolt rows)
= L, <Ly

= Prying forces may develop

. __ (8n—2ew)MpjiRd _  (8:30-26.75):301427

Mode 1: Fry,ra = 2mn-eyw(m+n)  2:33.66:30—6.75-(33.66+30) 429.42 kN
2Mpl 2 RdTN X Frrd _ 2:3014.27+30:4:90.43

Mode 2: Fpppq = —228 L = 265.16 kN

m+n 33.66+30

Mode 3:Fp3rq = X Fera = 4 90.43 = 361.7 kN

= Frgra = 265.12kN

In SCIA Engineer:

Prying forces FT,1,Rd FT,2,Rd FTI,3,Rd Ftep,Rd,g

4544, Beam web in tension for bolt rows considered as part of a group
Row 2-3:

D Frypra = Siwbwblywb _ 356 99.59.235-1073/1

YMo

=  Fpwcra = 493.9KN

In SCIA Engineer:

group beff,t,wb Ft,wb,Rd,g
2- 3 356.07 493.69

38 BV —2026/10/30



4.5.5. Potential tension resistance for each bolt row

In SCIA Engineer all results for the column flange and end plate are summarized in one table:

2.2. Force distribution in bolt-rows
2.2.1. Potential tension resistance
According to EN 1993-1-8 Article 6.2.7.2 (6),(8)

row Ftfc,Rd,i Ftfc,Rd,g Ft,wc,Rd,i Ft,wc,Rd,g Ftep,Rd,i Ft.ep,Rd,g Ft,wb,Rd,i Ft,wb,Rd,g Ft,r,Rd
138.51 = - -

1 - 178.95 122.10 - 122.10
2 138.51 132.58 178.95 92.75 136.83 = 269.11 s 92.75
3 138.51 176.82 178.95 30.54 136.83 172.37 269.11 400.94 30.54

3 Ft,Rd = 245.40 kN

The minimum value of all those calculated value is the limited value for the tension resistance of one bolt row:
e Row 1:122.10 kN (End plate failure)
¢ Row 2:92.75 kN (Column flange failure)
e Row 3:30.54 kN (Column flange failure)

This will be used in the calculation of Mrd in the next chapter.

4.6. Calculation of Mgg

The design moment resistance Mjrd of a beam-to-column joint with a bolted end-plate connection may be determined
from:

Mjra = 2 heFirra (EN 1993-1-8; §6.2.7.2 — Ref.[1])

Ftmin for each bolt row:
e Row 1:122.10 kN (End plate failure)
e Row 2:92.75 kN (Column flange failure)
e Row 3:30.54 kN (Column flange failure)

Following §6.2.7.2 (6) and (8)

The lowest value for the column web in tension, the column flange in bending, the end-plate in bending and the beam
web in tension has to be checked. All these values are higher than column web in shear, which also have to be checked
following §6.2.7.2 (7).

The column web in shear has the lowest resistance: 159,72kN

This is also shown in SCIA Engineer:

2.2.2. Assessment of the shear and compression zone
According to EN 1993-1-8 Article 6.2.7.2 (7)

Column web in shear (Vwp,Rd/Beta) 160.21 [kN
Column web in compression (Fc,wc,Rd) 190.56 |[kN
Beam flange and web in compression (Fc,fb,Rd) [317.72 [kN

Limiting resistance = 160.21 kN

This limit and the triangular limit (see further) are shown on the next page.
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Ft‘l::RE <19 FT,RU
FtRa,1
Ftrda2

Fiprd3
- 3

_.-
FeRrdZXFiRg,;

(a) Plastic distribution

Because fcrd and Viprd 2 Firdi therefore the
effective tension resistance (Frr4) is equal to the
potential design resistance (Fygq)

FDL,RE =19 FT.RCI
Ftra 1= F R 1

—
Ferd2XFtRd;

(c) Triangular imit

Because F.gq = 1,9 Figg the effective tension
resistance has to be reduced:

h
Fiyra = th,ltdh—r
x

For the first bolt row Fyrd1 = 122.10 kN.

Firra. 1= F tRa,1

Fir a2~ F tRra2
s I

N ——
Firra3<F trds

—_—

Ferd <LFtRdi
Ferd= T trRd,i

(b) Modified plastic distribution

Because Fcrs and/or Vg re < Firai therefore the
effective tension resistances (Fr.rq) have to be
reduced starting from the closest bolt to the
compression centre:

Fird > 19Firqg
Ft-*____Rd,‘I: F irrd.1

R—

Ferd<EFiRa;

Fera=ZEFirRaj

(d) Triangular limit

Because F, gy > 1,9 R g the effective tension
resistance has to be reduced:
h
2o T
FirRa = FixRd i

X

Because Fera andior Vip ra < Fra, the effective
tension resistances (Fy.rq) have to be reduced,
starting from the closest bolt to the compression
centre

The maximum value for bolt row 2 is: Fyrd,2 = Limiting resistance - Firg,1 = 160.21 —122.10 = 38.11kN.

And row 3 will not take any resistance because Fird,1+ Ftra,2 = Limiting resistance = 160.21 kN
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This principle is shown on the next page.
e Row 1:122.10 kN (End plate failure)

e Row 2:38.10 kN (Reduced by column web in shear)
¢  Row 3: 0 kN (Reduced by column web in shear)

This is also shown in SCIA Engineer:

row Ftr,Rd Decrease Ft,r,Rd
1 122.10 0.00 122.10
2 92.75 54.65 38.10
3 30.54 30.54 0.00

Following EN 1993-1-8 §6.2.7.2 (9) (Ref.[1]) the value 1,9 Fird has to be checked also:

1.9 Ftrd = 1.9 * 90.43 kN = 171.82 kN

The formula Fixrg < 1.9 - Fpq s fulfilled for all the rows.

So also no reduction in SCIA Engineer for the triangular limit:
2.2.3. Triangular limit

According to EN 1993-1-8 Article 6.2.7.2 (9)
Limit: 1.9%Ft,Rd = 171.82 kN

row Ftr,Rd > Limit Decrease Ftr,Rd
1 122.10 X = 122.10
2 38.10 X - 38.10
3 0.00 X e 0.00

So Mijrd can be calculated with the following values:
e  hrow1= 250-9.2/2=245.4 mm
e hrow2= 180-9.2/2=175.4 mm
M hrows = 40—9.2/2:35.4 mm

[m1 Bolts
Selected bolt assembly M16-8.8
! o : Length [mm] 50,00
T 1 Bolt pattern 2 bolts/row
- Reference Bottom of thebeam

Internal bolts distance [mm] 80,00
Use last bolt-row for shear capacity only

1.Row n

2.Row

3.Row

4.Row ﬂ
1.Location [mm] 250,00
2.Location [mm] 180,00
3.Location [mm] 94,00
4.Location [mm] 40,00

Actions

Update location >>>

NIl

Those values are calculated as the distance from the bolt to the middle of the bottom flange. In SCIA Engineer the
values are given as the distance to the bottom of the beam, so we have to subtract the half of the thickness of the

flange (=9.2 mm / 2) of this distance.
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Row h [mm] Fe [kN]

1 2454 122.10
2 175.4 38.10
3 354 0

M rd = 245.4 * 122.10 + 175.4 * 38.10 = 36646 kNmm =36.64 kNm

In SCIA Engineer:
2.3. Determination of Mj,y,Rd
According to EN 1993-1-8 Article 6.2.7.2 (1)

row hr[mm] Ft,r,Rd[kN]

1 245.40 122.10
2 175.40 38.10
3 35.40 0.00

Mj,y,Rd = 36.65 kNm

4.7. Calculation of NRd

The value for Njrais calculated as follows:

If Niesis a tensile force, the Njrais determined by critical value for the following components:
e For bolted connection, as a combination for all bolt rows:
- column web in transverse tension
- column flange in bending
- endplate in bending
- beam web in tension
- boltsin tension
*  For welded connection:
- Column web in transverse tension, where the value for twin formulas (6.10) and (6.11) is replaced by
the beam height.
- Column flange in bending, by considering the sum of formula (6.20) at the top and bottom flange of
the beam.
- If Nieeis a compressive force, the Njrsis determined by the following components:
o Column web in transverse compression, where the value for twin formulas (6.16) is replaced
by the beam height.
o Column flange in bending, by considering the sum of formula (6.20) at the top and bottom
flange of the beam.
In all cases, Njr< Npire.

In our example the normal force resistance Nrd will be calculated as the minimum of the following 5 values:
Column web in tension:

This is calculated for the bolt group 1-3 for the column flange:

group befft,wc wl ®?2 ® Ft,wc,Rd,g
i- 2 215.10 0.61 0.36 0.61
i- 3 355.10 0.42 0.23 0.42 245.40
2- 3 285.10 0.50 0.28 0.50 234.26

= 245.40kN
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Beam Web in tension:

This is calculated for the bolt group 2-3 for the endplate:

= 493.69 kN

Endplate in bending:

2- 3

group beff,t,wb

356.07

Ft,wb,Rd,g

493.69

Here the most limiting value of the endplate (individual rows and groups) will be calculated.

In this case the limiting value is

e Boltrow1

e Group of bolt row 2+3
For individual bolt-row:

For group of bolt-rows:

0 P e D P g forces Rd Rd R ep,Rd
il 70.00 70.00 164.77 v 122.17 122.10 180.86 122.10
2 194.10 194.10 157.04 v 233.51 136.83 180.86 136.83
3 194.10 194.10 157.04 v 233.51 136.83 180.86 136.83
row beff,t,wb Ft,wb,Rd,i

1 - -

2 194.10 269.11

3 194.10 269.11

leff,1
356.07

group
2- 3

leff,2
356.07

Ft.en.Rd.a

Lb* Prying forces
171.21 v

FT,1,Rd FT,2,Rd FT,3,Rd

= And this results in: 122.10 kN + 265.12 kN = 387.22 kN

Column Flange in tension:

This is calculated for the bolt group 1-3 for the Column flange:
For group of bolt-rows:

group leff,1 leff,2 Lb* Prying forces FT,1,Rd FT,2,Rd FT,3,Rd FtfcRd,g
1- 2 215.10 215.10 144.71 v 334.34 254.68 361.73 254
1- 3 355.10 355.10 131.48 v 551.95 391.67 542.59 391.67
2- 3 285.10 285.10 109.18 v 443.14 275.50 361.73 275.50
= 391.67 kN

Bolts in Tension:

6 bolts and Frrd for one bolt =90.43 kN

Njrd

= 6x90.43 kN = 542,58 kN

=  Minimum of all previous values

= 245.40kN

In SCIA Engineer:
2.4. Determination of Nj,Rd
According to EN 1993-1-8 Artice 6.2.7.1 (3)

Column Web in tension (Ft,wc,Rd) 245.40 [kN
Beam Web in tension (Ft,wb,Rd) 493.69 |[kN
Endplate in bending (Ft,ep,Rd) 387.22 |kN
Column Flange in bending (Ft,fc,Rd) |391.67 |kN

Nj,Rd =

BV —

2026/10/30
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4.8. Calculation of VRd
Table 3.4 (En 1993-1-8):

For classes 4.6, 5.6 and 8.8: av = 0.6

Fub = 800 MPa

Ais the tensile stress area of the bolt As

ayfupAs  0.6-800-157-107°

Fyra = Y
M2

1.25

= 60.29 kN

Following the NOTE of §6.2.2 (2) (EN 1993-1-8):

As a simplification, bolts required to resist in tension may be assumed to provide their full design resistance in tension

when it can be shown that the design shear force does not exceed the sum of
a) The total design resistance of those bolts that are required to resist tension

b) (0.4 /1.4) times the total design shear resistance of those bolts that are also required to resist tension

4 bolts (row 1 and 2) are required to resist tension, 2 bolts (of row 3) are not required to resist tension.

The value 0.4/1.4 will be simplified in SCIA Engineer by the value 0.28:

= Vrd =(4%0.4/1.4+2)*60.29 kN = 189.48 kN

In SCIA Engineer:

3. Design shear resistance Vz,Rd

Fv,Rd 60.29 |kN
nb, ful 2
nb,reduced -

elep 40.00 [mm
pl 70.00 |[mm
ki plate 2.50

ki beam 2.50

Alfa_b plate 0.74

Alfa_b column 0.74

Alfa_d plate 0.74

Alfa_d column 0.74
Fb,ep,Rd 102.40 |kN
Fb,cf,Rd 102.40 |kN
Avz 1591.08 [mm?
11 (tension) 0,57

[2 (compression) 0.43

Vz,Rd beam 154.02 |kN
Vz,Rd 154.02 |kN
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49. \Weak axis resistances

The calculation of out-of-plane moment M;.rd resistance is based on the publications "DESIGN OF STRUCTURAL JOINTS
CONNECTING H OR | SECTIONS subjected to in-plane and out-of-plane bending" by Neumann N, Nuhic F:, EUROSTEEL,
2011 and publication "Single-sided structural beam-to-column joint of H- or I-profiles with bolted endplate exposed to
in-plane and out-of-plane bending" by Kristensen SO, Stavanger, 2010.

The study addresses the strong axis beam-to-column joints between H or | section members. The focus is on bolted end-
plate joints, with two lines and two or more rows of bolts symmetrical about both the beam's major and its minor axis.

In SCIA Engineer this theory adopted when needed, will be used for all strong-axis frame bolted beam-column and splice
connections with | or H sections. The method will be used only for 2 bolts / row configuration.

If needed, the complete weak-axis calculation (out-of-plane moment resistance Mj,z,Rd, shear force resistance Vy,Rd and
stiffness for weak bending) may be skipped by activating "Neglect weak-axis calculation" check box in the connection
setup. If so, the weak-axis calculation is not performed and a message is displayed on the output in the part dedicated to
the weak-axis calculation. The check box is deactivated by default.

B! Connections setup b4 ‘
Standard EN Name Standard EN
Connection 4 Connection

folts — =

Welds/stiffeners b Bolts EN1993-1-8:3

Structural joints b Welds/stiffeners EN1993-1-8: 4

Hallow section joints 4 Structural joints EN1993-1-8:5,6

Expert system
S 4 General EN1593-1-8: 5

Thickness

Transformation of internal forces In axis v

Apply stiffness chec

Neglect weak-axis calculatior

? Equivalent T-stub EN 1993-1-8: 6.2.4
P Base plate EN 1993-1-8: 6.2.5
P Column web EN 1993-1-8: 6.2.6

Hollow section joints EMN 1993-1-8: 7
Expert system

Thickness

If you want to perform weak-axis calculation (the check box mentioned above is deactivated), but the connection does
not fulfill the required conditions, weak-axis calculation is not performed and you are informed about that. It is still
possible to calculate shear force resistance Vyrda even if the conditions are not fulfilled, but only in case design bending
moment Mgeq is zero.

The additional weak-axis bending unity check is displayed by the check and also linear interpolations for strong and weak-
axis bending moment components are performed and unity checks calculated if weak-axis bending moment resistance
Mi,.rd is calculated:

M
TzEd <1.0
M; , ra

My,Ed Mz,Ed

+ <1.0
Mjyrda  Mjzra

And if the design normal force Neq > 0.05*Npird also the following check is performed:

M M N
y,Ed zkd | VEd <1.0

Mjyrd  Mjzra  Njra
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4.9.1. Bending moment resistance

The connection geometry and the design bending moment may be seen on the picture below:

Bolt-line MzEd
—

Bolt-row

b

The strong-axis moment resistance Miy,rd of the joint is determined based on EN 1993-1-8, assuming no weak-axis
bending influence. Similarly to this, it is assumed that the strong-axis moment bending will not influence calculation of
weak-axis moment resistance Mjz,rd Of the joint.

The weak-axis moment resistance Mjrd Of the joint may be determined by:
M;,rd = Frara * ¥y

% is the design distance from the bolt-line in tension to the center of compression for weak-axis bending. The
leverage arm is dependent on the stiffness of the components. Within SCIA Engineer it is assumed, that joint
components are infinitely stiff. The additional split is based on the type of the bolts

Case Stiffness Preload | Distance from the bolt-line
Column flange | Bolts in tension to th«_e centre of
compression y
1 Infinite Infinite | No ”'%
2 Infinite Infinite | Yes b';;”-
With:
b width of the beam (in case of non-symmetric beam or splice connection the minimum is used)
p2 horizontal spacing between the two lines of bolts

Frard  effective design tension resistance of a bolt-line for the weak-axis moment calculation taken as:

Fta,Rd = MiN [Fra fc,Rd, Ftaep,rd, Feb,ib,rd, (FrafctRd + Ftawbe,rd)]

With:
Fta fc,Rd design tension resistance for bolt-line a of the column flange in transverse bending
Ftaep,rd design tension resistance for bolt-line a of the end-plate in bending
Feb,fb,Rd design compression resistance for bolt-line b of the beam flange in compression
Fta fet,Rd design tension resistance for bolt-line a of the column flange in twisting
Fta,wbe,Rd design tension resistance for bolt-line a of the column web in bending

For splice connections only Fiaeprd and Febfo,rd COMponent resistances are calculated for each side and minimum
resistance from the four components is taken as Fta rd.

In SCIA Engineer:
6.2. Determination of Mj,z,Rd

Fta,Rd 28.79 |kN
y 63.33 |mm
Mj,z,Rd 1.82 |kNm

Calculation of the weak-axis components may be seen in the following subchapters.
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49.1.1. Column flange in bending

The component resistance Fia fc,rd for each bolt row is already calculated according to EN1993-1-8 Art. 6.2.6.4 in strong
axis moment resistance Fizcrd. Since tension of weak-axis bending only concerns one side of the connected member,
the final weak-axis component resistance for each bolt Fafcrd is calculated as Fyfcra divided by two.

In SCIA Engineer:
....:tWEAK-AXIS CALCULATION::...
6. Design moment resistance Mj,z,Rd

6.1. Design resistance of basic components
6.1.1. Column flange in bending

row FtfcRd,i FtfcRd,g FtfcRd Fta,fcRd
1 138.51 - 138.51 69.25
2 138.51 132.58 132.58 66.29
3 138.51 176.82 138.51 69.25

Fta,fc,Rd = 204.79 kN

49.1.2. End plate in bending

The component resistance Faep,rd for each bolt-row is already calculated according to EN 1993-1-8 Art.6.2.6.5 in strong-
axis moment resistance calculation as resistance Fiep,rd. The final bolt-row resistances for that component are shown in
the appropriate columns in the table of potential tension resistances, where the individual and group approaches are
accounted for.

Since tension of weak-axis bending concerns only one side of the connected member, the final weak-axis component
resistance for each bolt Fiaeprd is calculated as Fiep,rd, divided by two.

Minor modification in calculation of effective length for individual approach is done for bolt-rows classified as "Bolt-row
outside of beam". Compared to the strong-axis calculation, the patterns breaching the z-axis of the connected beam were
removed. Weak-axis calculation formulas for the given classification may be seen below:

Bolt-row considered

Bolt-row classification individually
circular non-circular
2mmx 4mx+ 1,25ex

Bolt-row outside of beam

mmx + 2ex &+ 2mx+0,625ex

In SCIA Engineer:
6.1.2. End-plate in bending

row leff,cp,i leff,nc,i
1 152.95 103.69

For individual bolt-row:

row leff,1 leff,2 Lb* Prying forces FT,1,Rd FT,2,Rd FT,3,Rd Ftep,Rd,i
1 103.69 103.69 111.24 v 180.96 132.51 180.86 132.51

1| 13251 |- 132.51 | 66.26
2 | 1368 |- 136.83 | 68.41
3] 136.83 172.37 136.83 | 68.41

Fta,ep,Rd = 203.08 kN
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49.1.3. Beam flange in compression

The design component resistance Feb,i,rd May be taken as the design compression resistance of one beam flange. Final
resistance of the component is given as:

Fifocprd = —ny Dottty
T Ymo
With:
fy yield strength of the beam
tro thickness of the beam flange
ymo  partial safety factor for resistance of cross-sections
be et effective width of the component given as:

Bemer = 05 (twe + 2 + 7K(tre + tep) ) = 0.5tc + Te + 3.5k (tre + tep)

But is not greater than:

bemer = 2
cfb,eff 2
For splice connections, this value is only calculated as:
b efr = O
¢ fb,e 2
Where:
twe thickness of the column web
tre thickness of the column flange
tep thickness of the end plate
re rounding rl of the column
bp width of the beam
k thickness reduction coefficient given as:
t
k= tﬁ andk<1

fb
In SCIA Engineer:

6.1.3. Beam flange in compression

be,fb,eff 70.00 |mm
k 1.00
Fcb,fb,Rd 302.68 [kN

49.1.4. Column flange in twisting

The design resistance of the bolt-line in tension for the column flange in twisting is taken as:

f
0.3+b, -t (LC)
frafctra = —\/5
Y Ymo
With:
e b width of the column
* tic thickness of the column flange
o fye yield strength of the column
*  ymo partial safety factor for resistance of cross-sections
oy design distance from the bolt-line in tension to the center of compression for weak-axis bending
In SCIA Engineer:

6.1.4. Column flange in twisting

bc 140.00 [mm
\ 63.33 [mm
Fta,fct,Rd 12.96 |kN
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49.15. Column web in bending

For determination of the design resistance of the bolt-line in tension for the column web in bending Fiawbc,rd the

effective length of the web in bending beffwbc is proposed to be calculated assuming a maximum spread of 60° from the

other bolts.
025 - beff,wbc - t‘ZNC - f

Frawberd = : =
Y Ymo
With:
¢ twe web thickness of the column web
* befwbe  effective length of the web in bending given as:
befrwbe = 2P1 +1.73 - p;
With:
>p1  vertical spacing between the first and last bolt-row
P2 horizontal spacing between the two bolt-lines

In SCIA Engineer:
6.1.5. Column web in bending

Fta,wbc,Rd data

pl 210.00 [mm
p2 80.00 [mm
y 63.33 [mm
beff,wbc 348.40 [mm
Fta,wbc,Rd 15.84 |kN

4.9.2. Shear force resistance

The shear resistance calculation is similar to the strong-axis shear resistance calculation, however several modifications

are needed in calculation of:
e The design shear force resistance of a joint Vyrd for normal bolt:

For weak-axis shear force resistance Vy,rd the number of bolts ny,which are also required to resist tension, and
number of bolts ny,not required to resist tension, is set to half of the total number of all bolts each. The above
applies to the case when a design bending moment M, edqis present. If the design bending moment M is zero,

the number of bolts ntis set to zero and number of bolts nn is set to number of all bolts.

e The design bearing resistance of a joint Ford

The endplate Fbep,ra and column flange Fu,cf,rd cOmponent resistances are re-used. No resistance recalculation is

done for weak-axis.
e The reduction of shear force resistance Vyi,rs of the connected beam:

The shear force resistance Vyrd of @ beam the formula given by EN 1993-1-1 Article 6.2.6 (2) is used, but the

final resistance is multiplied by coefficient 0,5.

The additional weak-axis shear unity check is displayed by the check and also linear interpolations for strong and weak-
axis shear force components is performed and unity checks calculated if weak-axis shear force resistance Vyrd is

calculated:

V.
YEd 10

Vyrd

\% V,
B B <
VZ,Rd Vy,Rd
In SCIA Engineer:
7. Design shear resistance Vy,Rd

Fv,Rd 60.29 [kN
nb, ful 3
nb,reduced 3

Fb,ep,Rd 102.40 |kN
Fb,cf,Rd 102.40 (kN
Avy 2129.61 |mm?
Vy,Rd beam 144.47 |kN
Vy,Rd 144.47 |kN

Note: Bolt shear resistances are taken from the strong-axis calculation.
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4.10. Unity checks

4.10.1. Influence of the normal force

If the axial force Nedin the connected beam exceeds 5% of the design resistance, Npl,rd the following unity check is

added:

e Mijrd design moment resistance of the joint, assuming no axial force

*  Njrd axial design resistance of the joint, assuming no applied moment
¢ Nie actual normal force in the connection
¢ Mig actual bending moment in connection

4.10.2. General unity checks

Assume following internal forces in this connection:

Ned =0 kN
Vz,Ed =10kN
My,ed = 10 kNm
Check M: M/Med = 10/36.65 =0.27 <1
Check N: N/Nr¢ = 0/245.40=0<1 =>ok!
Check V:V/Vrg = 10/154.02 =0.06 < 1 => okl
In SCIA Engineer:
....:RESULTS::...
Unity checks
My, Ed/Mj,y,Rd 0.27
Mz,Ed/Mj,z,Rd 0.00
NEd/Nj,Rd 0.00
Vz,Ed/Vz,Rd 0.06
Vy,Ed/Vy,Rd 0.00
Vz,Ed/Vz,Rd + Vy,Ed/Vy,Rd 0.06
My,Ed/Mj,y,Rd + Mz,Ed/Mj,z,Rd [0.27

50

M

3.Ed

M

3.Rd

=> okl

+

N

LEd

i.Rd

=1.0
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5. Stiffness of the connection

5.1. The Moment-Rotation characteristic

A joint is defined by the moment rotation characteristic that describes the relationship between the bending moment
M;,sq applied to a joint by the connected beam and the corresponding rotation @4 between the connected members.

This moment-rotation characteristic defines three main properties:
* moment resistance Mjrd
e rotational stiffness §;
* rotation capacity @xd

A
| ‘Sj,mi
Mirar | ; .
Mgy - o :
A )
SN 6 -
e ]
N 0
LA - H -
|:1}5:! ¢xd ¢|Cd
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5.2. Calculation of the stiffness

5.2.1. General formulas

In EN 1993-1-8 Table 6.11 (Ref. [1]) the stiffness coefficients for basic joint components are given:

Coefficient Basic component Formula
ki Column web panel in shear Unstiffened: Stiffened:
_ 038 * AVC kl — o0
1 B .z
k2 Column web in compression Unstiffened: Stiffened:
_ 0.7 - beff,c,wctwc kz =
, = ————cnewewe
dc
ks Column web in tension Unstiffened: Stiffened:
_ 0.7 - beff,t,wctwc ks =00
3 —dc
ka Column flange in bending (for a single 0.9- lefft?C
bolt-row in tension) ky=—13
ks End-plate in bending (for a single bolt- 0.9 - lefftf,
row in tension) ST T 8
ke Flange cleat in bending 0.9 gt
6 — m3
k1o Bolts in tension (for a single bolt-row) kio = 1.6 - Ag/Ly
k1 (or k17) Bolts in shear 16 - np - d?- fy
kii(orky;) = Tu
M16
k12 (or kis) Bolts in bearing (for each component j K k) = 24-np - ky ke d-fy
on which the bolts bear) 12(0r kyg) = E
k13 Concrete in compression E. /beffleff
(including grout) ki = 1275 E
k14 Plate in bending under compression Kiy = ©
k1s Base plate in bending under tension (for With prying forces Without prying
a single bolt row in tension) 0.85 - lefftg forces
15 =73 0,425 - legt)
5= 3
kie Flange cleat in bending With prying forces Without prying
ki = 1.6 Ag/Ly forces
ki = 2.0 Ag/Ly
With
e A shear area of the column
z lever arm
B transformation parameter
Dert effective width of the column web
dc clear depth of the column web
left smallest effective length for the bolt
m distance bolt to beam/column web
As tensile stress area of the bolt
Lo elongation length of the bolt
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5.2.2. Calculation of the stiffness in detail

In Table 6.10 of the EN 1993-1-8 (Ref.[1]) the stiffness coefficients which has to be taken into account, are given.

Table 6.10: Joints with bolted end-plate connections and base plate connections

Beam-to-column joimnt with Number of bolt-rows im | Stiffness coefficients & to
bolted end-plate comnections tension be taken mto account
One ks ke ks ke sz B
Single-sided bt
Two or more iy Kl g
: One ey, Bes; s ks B
Double sided — Moments equal and opposite
Two or more ;g
One k]_:_ k:_: k3: h: k;'. k]_[.
Double sided — Moments imequal
Two or more iy; Fs; bog
. ; MNumber of bolt-rows in | Stffness coefficients & to
Beam splice with bolted end-plates adion b Bk el et
) ] (e it [left]; ks[nght];
Double sided - Moments equal and opposite
Two or more g

Base plate connections

MNumber of bolt-rows 1n
tension

Stiffness coefficients & to
be taken mto account

Base plate connections

Cme

iy ks s

Two or more

Iy frys and kye for each bolt
ToOwW

For this connection (Single — sided), k1, k, ks, ks and kio has to be calculated, using the formulas of

Table 6.11 of EN 1993-1-8.

5.2.2.1.

_ 0.7 - beff,t,wc twe
3 dc

Column web in tension: ks

= befttweis the effective width of the column web in tension from 6.2.6.3. For a joint with a single bolt-row in
tension, befr,we should be taken as equal to the smallest of the effective lengths leff given for this bolt-row in

Table 6.4 or Table 6.5.

leff,cp,g,inner _leff,nc,ginner _leff,cp,g,end leff,nc,g,end leff,cp,g,start _leff.nc.q,start
5 - - - 154.51
2 210.00 105.00 | 154.51 107.55 224.51 142.55
_ - - 224.51 | 142.55 | = N
= beff,t,wc,rowl = 107.55
= beff,t,wc,rowz = 105
= beff,t,wc,row3 = 142.55
0.7-107.55 -7
K3 row1 = EEEre——— 5.73 mm
0.7-105-7
K3 rowz = o2 = 5.59 mm
0.7-142,55-7
K3 rows = EEEPee—— 7.59 mm
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In SCIA Engineer:
4.1. Design rotational stiffness
According to EN 1993-1-8 Article 6.3

k4[mm] k5[mm] k10[mm]
1 5:73 8.59 Z4.99 6.47 1.73
2 5.59 8.39 7.26 6.47 1.69
3 7.59 11.39 7.26 6.47 1.95
5.2.2.2 Column flange in bending: ka
0.9 - legty
4 — m3
= lefis the smallest of the effective lengths given for this bolt-row given in Table 6.4 or Table 6.5.
leff,nc,g,inner leff,cp,g,end leff,nc,g,end leff,cp,g,start leff.nc.a,start
1 - - - - 154.51
2 210.00 105.00 | 154.51 107,55 224.51 142.55
3 |- - 224.51 | 142.55 | - -
= leff,t,wc,rowl = 107.55
= leff,t,wc,rowz = 105
= leff,t,wc,row3 = 142.55
0.9-107.55 -123
k4—,r0w1 = T = 8.59 mm
0.9105 123
k4,r0w2 = W =8.39 mm
0.9-142.55- 123
k4—,r0w3 = T =11.39 mm
In SCIA Engineer:
4.1. Design rotational stiffness
According to EN 1993-1-8 Article 6.3
row k3[mm] k4[mm] k5[mm] k10[mm]
2 5.59 8.39 7.26 6.47 1.69
3 7.59 11.39 7.26 6.47 1.95
5.2.2.3. End-plate in bending: ks
09 " lefftg
5 = m3
= lefis the smallest of the effective lengths given for this bolt-row given in Table 6.6.
row (p (p1+p2) |e ex m mx n AlU A2U au AlL A2L alL
1 [0.00+0.00 30.00 | 40.00 24.34 | 30.00 - -
2 |0.00+70.00 | 30.00 33.66 30.00 0.53 0.39 577
3 |70.00+0.00 30.00 33.66 30.00 - - 0.53 0.39 5.77
row |leffcp,i |[leff,nc,i
1 152.95 70.00
2 21147 | 194.10
3 211.47 | 194.10
row |leff,cp,g,inner |leff,nc,g,inner |leff,cp,g,end |leff,nc,g,end |Ileff,cp,g,start |[leff,nc,g,start
1 3 z - = =
2 - - 245.73 178.03
3 245.73 178.03 -
= |eff, rowl = 70
= |eff, row2 = 178.03
= |eff, rowz = 178.03
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0.9-70 123

k5,mw1 = (Z‘l'T)S =7.55 mm
0.9-178.09 -123

k5,r0w2 = W =7.26 mm
0.9-178.09 -123

k5,r0w3 = W =7.26 mm

In SCIA Engineer:

4.1. Design rotational stiffness
According to EN 1993-1-8 Artice 6.3

row k3[mm] k4[mm] k5[mm] k10[mm] kefffmm]
1 5.73 8.59 7.55 6.47 173
2 5.59 8.39 7.26 6.47 1.69
3 7.59 11.39 7.26 6.47 1.95
5.2.2.4. Bolts in tension: kig
ki = 1.6+
0= 200
= Asis the tensile stress area of the bolt As = 157 mm?
= Ly is the bolt elongation length, taken as equal to the grip length (total thickness of material and washers), plus
half the sum of the height of the bolt head and the height of the nut.
Lb = tf + tp + twasher + (hbolt_head + hnut)/2 =12+12+3.3+ (10 + 13)/2 =38.8mm
ki =16 = = 6.47 mm

In SCIA Engineer:
4.1. Design rotational stiffness
According to EN 1993-1-8 Article 6.3

row k3[mm] k4[mm] k5[mm] k10[mm] kefffmm]
1 5.73 8.59 7.55 6.47 1.73
7 5.59 8.39 726 || 6.47 1.69
3 7.59 11.39 726 |l 6.47 1.95
5.2.2.5. Equivalent stiffness

The effective stiffness kefr,r for bolt-row r should be determined from

Keger = 1/ 35 (ﬁ) (see also formula (6.30) of EN 1993-1-8 — Ref.[1])

In the case of a beam-to-column joint with an end-plate connection, keq should be based upon (and replace) the
stiffness coefficients ki forks, ks, ks and kio.

1
keff,rowl = PR — =173
573 859 7.55 647
1
keff,rowz = P S = 1.69
559 839 7.26 647
1
keff,row3 = P — = 1.95
759" 11.39 " 7.26 " 647

In SCIA Engineer:
4.1. Design rotational stiffness
According to EN 1993-1-8 Article 6.3

row k3[mm] k4[mm] k5[mm] k10[mm] kefff[mm]
1 5.73 8.59 7.55 6.47 1.73
2 5.59 8.39 7.26 6.47 Il 1.69
3 7.59 11.39 7.26 647 [ 1.95
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The equivalent lever arm zeq should be determined from:

2 2 2 2
_ Zr keff,rhr _ keff,rowlhrowl + keff,rowzhrowz + keff,row3hrow3

Zeq = =
Zr keff,rhr keff,rowlhrowl + keff,rowZ hrowZ + keff,row3 hrow3

173+ (245.4)* + 1.69 - (175.4)? + 1.95 - (35.4)*  158619.4
- 1.73+245.4 4+ 1.69-175.4 + 1.95 - 35.4 T 790

The equivalent stiffness keq can now be determined from:

= 200.73 mm

Keq = M (see also formula (6.29) from En 1993-1-8 (Ref.[1]))
eq
_ 1.73-2454+1.69-175.4+ 1.95-35.4 — 394

eq = 200.73 - sonmm

And those values are also given in SCIA Engineer:
Ld

S 10.97 MNm/rad

Siini 10.97 M

y 200.73 |mm

mu 1.00

ki 2.48 mm

k2 8.70 mm

 keg 3.94 mm
5.2.2.6. Column web panel in shear: k1

_0.38- A
1~ B .z

z is the lever arm from Figure 6.15

Following option e) A more accurate value may be determined by taking the lever arm z as equal to zeq obtained using

the method given in 6.3.3.1.

= Z=2eq =200.73 mm

B is the transformation parameter from 5.3 (7)

>  B=1
0.38-1312
ky = 2202 = 2,48 mm

In SCIA Engineer:

datld

S 10.97 MNm/rad
Sj,ini |110.97 MNm/rad
z 200.73 |mm

oy 100
ki 2.48 mm
k2 8.70 mm
keq 3.94 mm
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5.2.2.7. Column web in compression: kz

_ 0.7 - beff,c,wc twe
2 dc
© d=he -2 (tr+r)=140-2 (12 + 12) =92 mm
= beff =t + Zﬁap + S(tfc + S) + Sp

sp=12+(15-+2-5) =19.93

Above the bottom flange, there is sufficient room to allow 45° dispersion

Below the bottom flange, there is NOT sufficient room. Thus the dispersion is limited.
= beg = 9.2+ 2v2+54 5(12 4+ 12) + 19.93 = 163.27 mm

0.7:163.3-7
kz = T =8.70 mm

In SCIA Engineer:
Jdid

S 10.97 MNm/rad
Sj,ini |110.97 MNm/rad
z 200.73 |mm

mu 1.00
ki 2.48 mm
k2 8.70 mm
keq  13.94 mm

5.2.2.8. Design rotational stiffness

When all different stiffness of all components are known, we can assembly this to one stiffness for the joint.

-

k

a1 Kqq1 K5y Kgy

The program will calculate 3 stiffnesses :

e Siini initial rotational stiffness
e 5 rotational stiffness, related to the actual moment Mjsqd
e Spmrd  rotational stiffness, related to Mjrd (without the influence of the normal force)
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The moment-rotation diagram is based on the values of Sjini and Sjmrd.

M
MRd _|
0.66 MRd _|
Sj,MRd
Sj,ini
E-z? E-z*

j = 1, 1

oy L 1
WU ()
= z=200.73 mm
= Wis the stiffness ration Sj, i / S
o IfMjea<Mjrd =>p =1
o If2/3 Mjrd < Mjed < Mjrd => 1 = (1.5 Mj,ed / Mj, ra) ¥

Mied = 10 kNm
Mird = 36.65 KNm => 2/3 M4 = 24.43 kNm

2 p=1

_ Ez* _ 210000-(200.73)°
(A U S SN
Wi Kj LG ts70 307

107 = 10966 kNm/rad

In SCIA Engineer:

dald
1 .97 m/ra
Sj,ini 110.97 MNm/rad
z 200.73 |mm
mu 1.00

ki 2.48 mm
k2 8.70 mm
keq 3.94 mm
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5.3. The classification on stiffness

The joint is classified as rigid, pinned or semi-rigid according to its stiffness by using the initial rotational stiffness S;ini
and comparing this with classification boundaries given in EN 1993-1-8 (Ref. [1]).

e If Sjini >= Sjrigid, the joint is rigid.
e If Sjini <= Sjpinned, the joint is classified as pinned.
®  If Sjini < Sjrigia and Sini > Sjpinned, the joint is classified as semi-rigid.

For braced frames:

E * Ib
Sjrigid = 8~ L
E * Ib
Si,pinned =05 Ly
For unbraced frames:
E * Ib
Sjrigia = 25 o
E " [b
Si,pinned =05 Ly
For column base joints:
E -1l
Sj,rigid =15-
C
E 1.
Sj,pinned =05- L
(o
With:
e second moment of area of the beam
e L span of the beam
e second moment of area of the column
e L storey height of the column
e E Young modulus

, b
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In our example we have chosen for a braced frame.

SCIA Engineer will take the length of the beam in SCIA Engineer as the length for Lb. But you can change this value

manually:

Sjrigia = 8-

Si.pinned =05- Ly

E Iy
Lp

=8

(210000

N
mm?2

)(2.772:107 mm*)

STEEL COMMECTION (1)

|

Name

Node

Type of loads
Load cases

Conn

Load cases -

LLY

Connection geometry

| = SIDE (B3]

Connection type
End-plate
Backing plate
Top haunch
Battom haunch
Bolts

Top stiffener
Bottom stiffener
Diagonal stiffenar
Web doubler
Update stiffiess
Calenlation type
Cutput

w CSTIFFFNFRS

Eb — o5

2000 mm

N
. (210000—-)(2.772:10” mm*)

2000 mm
In SCIA Engineer:

4.2. Stiffness classification

Stiffness data

E 210000.00 N/mm?2

Ib 27720000.00 |mm#

Lb 2000.00 mm

frame type _lbraced

Sj, rigid 23.28 MNm/rad

Sj,pinned 1.46 MNm/rad

System SEMI RIGID

And this is also given in SCIA Engineer in a picture:

60

Frame bolted

806B0ABBeSs

Internal forces

Detalled

| Length for stiffiness cl.,

= 23.28 MNm/rad

= 1.46 MNm/rad

v
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MNm
01200

0.1000.

0.0800.

0.0600.

0.0400.

0.0200, il T in

00010 \
0.0015, \
0.0020. l

0.0005
0.0025
00030
0.0035
0.0040
0.0045.

g

5.4. Transferring the joint stiffness to the analysis model

When requested, the actual stiffness of the joint can be transferred to the analysis model. The linear spring value for <fi
y> (in the hinge dialog) is taken as Sj,ni divided by the stiffness modification coefficient n).

For asymmetric joint s which are loaded in both directions (i.e. tension on top and tension in bottom), the linear spring
value for <fi y> (in the hinge dialog) is taken as the smallest S;,ini (from both directions) divided by the stiffness
modification coefficient n:

- Type of joint

e bolted beam-to-column

‘ welded beam-to-column

; welded plate-to-plate

Wl wlIN NS

[
i column base

F‘YM
» O

M pa

2/3 Myss
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You can add this stiffness to the connection by activating the option “Update Stiffness”:

After recalculating the project, a hinge will be added to this connection with this stiffness Sjini/n.

Conn[N2]

62

STEEL CONMECTION (1)

v

AP
o Name
Node
Typeof loads
Load cases
Frame type
Connection geometry
| » sipe ={B3) )
Connection type
End-plate
Backing plate
Top haunch

Bottom haunch

Conn
Load cases

LEY »w
braced ~

Frame bolted

il

il

£

HINGE ON BEAM (1)

Fosiion Begin -
g
w wgd
W Rigd
e wigid
tyFlerble

Suif -ty /] 5.48

B Rigd

v KLUSTRATION GROUP

1

&,

[
a et
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If you want to take into account the nonlinear stiffness of the connection, you have to activate the following
functionality in the Project settings dialog:

Project data x
Basicdata Functionality Actions UnitSet Protection
'_ GENERAL | DETAILED B
| Property modifiers 4  Monlinearity
Model modifiers I Beam local nonlinearity E

Parametric input Support nonlinearity/basic soil spr
Climatic loads Initial imperfections
Traffic loads 2D Geometrical nonlinearity
Moving loads 1D General plasticity
Moving loads 2D Compression-only 2D members
Dynamics Cables
Stabili Friction support/Soil spring
Membrane elements

Structural model P Subsoil

IFC properties 4 Steel
Prestressing Plastic hinge analysis
Bridge design Fire resistance checks
Construction stages Steel connections
Warping (Tth degree of freedom) Scaffolding
ok || Cancel
h A

After the calculation, you can select the input hinge and choose here for a nonlinear stiffness.

The stiffness function will be registered automatically for each node in SCIA Engineer. So you only have to choose the
corresponding node for each connection.

|E| Monlinear functions x| b
I . = HINGE ON BEAM (1) by
5 fRBIFE «» O RAw [ Roaton '%- e
Node ; N2-[B3] =
Position  Begin
e Rigid
w Rigid +
W Rigid -
fix _Rigid -
Name Node: N2 fiy Nonlinesr

Type Rotation Stiff - fiy [MNm/rad] 5,48

Positive en Free ¥ Fun-fiy  Node : N2-(83] w2

Negative e Free v

« Impulse ¥ ILLUSTRATION GROUP
1[rad,kNr -0,0300/ - g2
2 [rad,kNr -0,0100 - fi [rad] ® p
3 [rad,kNr -0,0022 - il
o

4 [rad,kNr 0,0000/ 0,
S [rad kNr 0,0027 /1
6 [rad kNr 0,0120/2:
7 [rad kNr 0,0359 /2

Create new function, New  Insert  Edit oK
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5.5.

The required stiffness

The actual stiffness of the joints is compared with the required stiffness, based on the approximate joint stiffness used
in the analysis model. A lower boundary and an upper boundary define the required stiffness.

upper boundary

5,
1.app

Japp

lower boundary

-

-

L]

-

#

When a linear spring is used in the analysis model, we check the following:

When S;jini >= Sjlow and Sj,ini <= Sjupper, the actual joint stiffness is conform with the applied Sjapp in the analysis model.

When a nonlinear function is used during the analysis model, we check the following:

When S; >= Sjlow and Sj <= Sjupper, the actual joint stiffness is conform with the applied Sjapp in the analysis model.

The boundaries are calculated with the following formulas:

Frame Lower boundary Upper boundary
Sj,low Sj,upper
Braced 8-Sj.app-E-I, Sj.app < 8-E-I, 10-Sj.app-E-1,
10-E-I, +Sj.app-L, SR 8-E-1, —Sj.app-L,
; ‘E-1
Sj.app > L -
» G
Unbraced 24 -Sjapp-E- L, i< 24.E-1, 30-Sj,app-E- T,
30-E-I, +Sj,app-L, Y 24.E-1, —Sj.app- L,
‘ 24-E-1 o
Sj.app> ———°t
] AP} T

And for a column base connection:

Lower boundary

Upper boundary

16-Sj.app-E-1,

20-E-I_+Sj,app-L,

16-E-1 20-Sj,app-E-1
Sj.app£¥ ] "PP_ c
L, 16-E-I, —8y.app-L,
. 16-E-1,
Sj.app>L7 "

With
LI I
LI
. Lc
e E
*  Siapp
. Sjjini
. SJ,\OW
. SJ,UDPEF
TN
64

second moment of area of the beam
span of the beam

le second moment of area of the column
storey height of the column
Young modulus
approximate joint stiffness
actual initial joint stiffness
lower boundary stiffness
upper boundary stiffness
actual joint stiffness
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In this case we have a braced system and we did not take into account any stiffness, so the upper boundary equals

infinity and the lower boundary is th

4.3. Stiffness check

e boundary for a rigid connection:

Fiy infinty | MNm/rad
Stiffness modification coef. |2.00

Sj,app infinty  |MNm/rad
Sj,lower boundary 23.28 MNm/rad
Sj,upper boundary infinty | MNm/rad

Sj,ini is not inside the boundarie

S.

The actual joint stiffness does not conform with the joint stiffness of the analysis model.

And also in the graph you can see that S;,ni is not between the boundaries:

MNm
0.1200
0 X% per /,SJ’K, ver
0.0800
0.0600.
0.0400
0.0200 1114
LJJ :llll.
_:-/'_FH_FF!J
_f'-'_ﬂf__
0.0000
= & = ® § B & B =z & mi
2 = =] 2 = = =2 =2 ] g
o] o o] 1= (o] o [ o] o o]

When activating the option “Update stiffness” and recalculating the project, the value for Sjapp equals Sjini. The stiffness
taken into account in the calculation equals Sjini/2 because n = 2 for a beam-column connection.

In SCIA Engineer we have:

fiy

The stiffness taken into account in the calculation, thus: Sjini/n = Sjini/2 = 10.95
MNm/rad /2 =5.475 MNm/rad

Stiffness modification coef.

Factor nand n = 2 for a beam-column connection

SJ,BPP

In this case Sjini = 10.97 MNm

Sjlower boundary

For a braced system:

_ 8 Sy Ely
10'E'Ib+sj,app']-‘b

8 -1()'9:% 210000MPa - 2.77 - 1075 m*

= MNm = 6.37 MNm/rad
10-210000MPa - 2.77 - 1075 m* + 10'95W - 2m
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Sjupper boundary For a braced system:
First we have to check if Sjapp is bigger or smaller than

8-E-I, 8-210000MPa-2.77- 10~° m*

= 23.3 MP
Ly 2m a
Thus
8-E-1,
Sapp = 1095 < =~

And now the upper boundary can be calculated with the following formula:

_ 10 'Sj,app ' E - Ib
8'E'Ib_sj,app']-‘b

10 -710'95;(11\] -210000MPa - 2.77 - 107> m*
MNm
. . .10-5) — L
(8-210000MPa-2.77 - 107%) (10.95 ad Zm)

=25.92 MNm/rad

4.3. Stiffness check

b dald
Fiy 5.48 MNm/rad
Stiffness modification coef. [2.00
Sj,app 10.97 |MNm/rad
Sj,lower boundary 6.37 |MNm/rad
Sj,upper boundary 25.92 |MNm/rad

Sj,ini is inside the boundaries.
The actual joint stiffness conforms with the joint stiffness of the analysis model.

And now S;jini Will be in between the two boundaries on the graph also:

MNm
0.1200
| Sitgper
0.1000
0.0800
0.0600
0.0400
0.0200 Y 1 Sj.loper
SAFEE S o E——
— [P
4#‘””;#{’#
0.0000
g g 3 3 g g b b Z Z
g g g g g g g g g g
(=] (=] (=] (=] (=] (=] (=] (=] (=] (=]
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6. Calculation of welds

6.1. Calculation of ar

Within SCIA Engineer there is a possibility to choose from three methods for determination of the flange weld sizes by
modifying the Weld size determination parameter in the connection setup.

Minimum for full strength

The default calculation of flange weld size is based on the Ref. [35] - ECCS N° 126. The final formula is derived as:
fy-Bw-ymz-t 235-0.8-1.25-9.2

az= NI = /3360 1.00 = 4.25 mm
With:
o fy yield strength of the weaker part
e fu ultimate tensile strength of the weaker part
e B correlation factor
* VYmo partial safety factor for material
* Vw2 partial safety factor for welds
¢t thickness of the beam flange
In SCIA Engineer:
5.1. Flange welds
data
Mj,y,Rd 36.65 kNm
a 1.40
h 210.80 |mm
FRd 243.39 [kN
Nt,Rd 237.82  |kN
fu 360.00 |N/mm?2
By 0.80
minimum_af |4.25 mm
ar 5.00 mm

Calculated from connection resistance

The weld size aris designed according to the resistance of the joint. The design force in the beam flange can be

estimated as:
Mgq " Y 35.75-1.4 50.05

¥ Fra == == 02200000z ~ 02108 ~ 23743 KN
With:
e Frd design force in the beam flange
¢ Med design moment resistance of the connection
* h lever arm of the connection
LIEY) factor: 1.7 for unbraced frames or 1.4 for braced frames

However, in no case shall the weld design resistance be required to exceed the design plastic resistance of the beam

flange Ntrd:
bf' tfb - fyb _ 110 - 92 " 235

= 237820 N = 237.82 kN

BRd T 1.00
With:
e b beam flange width
et beam flange thickness
o fyw yield strength of the beam
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So, we have
Fw=min (Ntrd, Y(Frd) = min (237.82 kN; 237.43 kN) = 237.43 kN
The weld size design for ar:

Fw ymzBw 237430-1.25-0.8

M b V2 360-110-v2 = 4.24mm
With:
e Fuw design resistance of the weld
e b beam flange width
e fu ultimate tensile strength of the weaker part
* Bw correlation factor
*ym2 partial safety factor for welds

In SCIA Engineer:
5.1. Flange welds

Mj,y,Rd 35.75 kNm

a 1.40

h 210.80 |[mm
FRd 237.43 |kN
Nt,Rd 237.82 |kN

fu 360.00 |N/mm?
B 0.80
minimum_af [4.24 mm

af 5.00 mm

Calculated using Internal forces

The weld size afis then designed similarly as in the previous, with the only difference that in the Frddoes not take into
account the connection moment resistance Mjrd, but direct design moment Mea.

6.2. Calculation of aw

12, o2
|
]

For all possible bolt groups, the maximum tension pro unit length is calculated.
The tension pro unit length is (Fi+ Fis1)/l2.
12 is taken as the effective length of non-circular pattern for the considered bolt group.
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On the weld 2 x 2 x a2, the normal force N (=Fi+ Fis1) and the shear force D is acting. The shear force D is taken as that
part of the maximum internal shear force on the node that is acting on the bolt rows i and i+1.

To determine the weld size a2in a connection, we use a iterative process with azas parameter until the Von Mises rules
is respected:

f f
)S———JL—— and o, <—°
w T, Y,

J62+3-ﬁ2+1
3 1

[FRNY

D
T, =
2-a,-1,
With:
e fu ultimate tensile strength of the weaker part
* Bw correlation factor
* Ymw partial safety factor for welds
e A 2a2l2
In SCIA Engineer:
5.2. Web welds
M 10.00 kNm
N 0.00 kN
Vv 10.00 kN
fu 360.00 N/mm?2
Bw 0.80
al 3.00 mm
a3 3.00 mm
I 110.00 mm
12 168.40 mm
13 40.05 mm
A 1477.40 mm?2
I 13665133.83  [mm*
minimum_aw (a2) [1.00 mm
aw 3.00 mm

6.3. Calculation with the internal forces

In the previous chapters the calculation of arand aw are given, using the design resistance values. In SCIA Engineer it is
also possible to calculate ar and aw using the internal forces of the chosen combination or load case. This will result in a

lower value for the welds than with the previous calculation, since the internal forces are lower than the design forces,
if the connection is satisfying all checks.

You can activate this in SCIA Engineer via “Main menu > Design > Steel connections > Settings” and here with the option
“Weld size determination = Calculated using internal forces”.

B Connections setup X

- Standard EN Name Standard EN

£} Connection . =
- Bolts Connection
- Welds/stiffenears P Bolts EN 1993-1-8: 3
Structural joints 4 Welds/stiffeners EN 1993-1-5: 4

- Hollow section joints

93-1-8: 4.
- Expert system 4 Welds EN 1993-1-8: 4.5
Thickness Minimum weld size [mm] 3,00
Weld size determination] Calculated using Internal forces v
Haunch weld size representation Length A

I Stiffeners

B Strud:ural_joinls EN 1993-1-8: 5,6
P Hollow section joints EN 1993-1-8: 7

P Expert system

P Thickness
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7. Ductility class ‘

7.1. Ductility classes

The following classification is valid for joints:

e Class 1 joint: Mjrd is reached by full plastic redistribution of the internal forces within the joints and a
sufficiently good rotation capacity is available to allow a plastic frame analysis and design.

e Class 2 joint: Mjrd is reached by full plastic redistribution of the internal forces within the joints but the
rotational capacity is limited. An elastic frame analysis possibly combined with a plastic verification of the joints
has to be performed. A plastic frame analysis is also allowed as long as it does not result in a too high required
rotation capacity of the joints where the plastic hinges are likely to occur.

e Class 3 joint: brittle failure (or instability) limits the moment resistance and does not allow a full redistribution
of the internal forces in the joints. It is compulsory to perform an elastic verification of the joints unless it is
shown that no hinge occurs in the joint locations.

From this description it is clear that it is better to modell a joint as a ductile joint. In this case, when failure appears, the
load can be transferred to other parts of the joint and you can see that it is going to brake slowly: you can see that the
column web is yieling for example. If you have a brittle failure mode (non-ductile) the connection will brake
immediately when reaching the failure mode.

7.2. Ductility classification for bolted joints

If the failure mode of the joint is the situated in the shear zone of the column web, the joint is classified as a ductile, i.e.

aclass 1joint.

If the failure mode is not in the shear zone, the classification is based on the following:

Classification by ductility Class

f
t<0.36 |-2d Ductile 1
fy
fub fub
0.36 d<t<0.53 |—=—=>d | Intermediary 2
fy fy
fub
t>0.53 d Non-ductile 3
fy
With:
et thickness of either the column flange or the endplate
e d nominal diameter of the bolts
e fuw ultimate tensile strength of the bolt
e fy yield strength of the proper basic component
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This principle is also shown in the graph below:

=) P )

Shear zore
[mmwnm J Piate assambly (cleats, fange, plais, bofls)

Calculation of this example following the schema above:
Type of joint: We have an end plate, so we can follow the schema

Failure mode of the joint: We know the tension in the bolts is limited by the column web in shear (see also chapter
“Calculation of Mrd”). So the failure mode is in the shear zone. This will lead directly to a ductile joint.

And this is also shown in SCIA Engineer:
4.4. Ductility classification
The failure mode is situated in the column shear zone.
This results in a ductile classification for ductility : class 1.

7.3. Ductility classification for welded joints

If the failure mode of the joint is the situated in the shear zone of the column web, the joint is classified as a ductile, i.e.
aclass 1 joint. If the failure mode is not in the shear zone, the joint is classified as intermediary for ductility, i.e. a class
2 joint.
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8. Extra options in SCIA Engineer ‘

8.1. RHS beam

In SCIA Engineer it is possible to use an RHS beam and make a between this beam and a | or H column. For more info
about this topic, we refer to Ref.[2].

A connection with an RHS beam can be found in example CON_005.esa, hode N7.

8.2. Column in minor axis configuration

In beam-to-column minor-axis joints, the beam is directly connected to the web of an I-section column, causing bending
about the minor-axis of the column section. In order to determine the strength of a column web in bending and
punching, the following failure mechanisms are considered:

e Local mechanism : the yield pattern is localised in the compression zone or in the tension zone

e Global mechanism: the yield line pattern involves both compression and tension zone.

For more info about this topic, we refer to Ref.[2].

b4 b A

-
.

- -l 4 —
L A section AA L A seclion AA

An example of a minor axis connection is given in Example CON_007.esa, node N4.
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8.3. Base plate connections: shear iron, flange wideners

In a column base, 2 connection deformability’s need to be distinguished:
1. the deformability of the connection between the column and the concrete foundation
2. the deformability of the connection between the concrete foundation and the soil.

In the Frame Connect base plate design, the column-to-concrete “connection’ is considered.

Ne

VT

Column-to-concrete
"connection"

Concrete-to-soil
"connection”

For more info about base plate design (shear irons, etc...), we refer to Ref.[2]. An example of a base plate connection in
SCIA Engineer is given in Example CON_005.esa, Node N9

8.4. Extra options for the calculation of connections
In SCIA Engineer it is possible to perform an overall check for multiple connections at the same time. For example we

can have a look at example CON_008.esa. In this project several connections have been input.

8.4.1. Copy of connections

It is possible to select a connection and to copy this connection to another node. So first you have to select the
connection and afterwards you can right click on the screen and choose for “Copy add data Conn”.

Afterwards you have to select the nodes to which you want to copy your connection and click on Escape to end this
“copy function”.

& View settings for all entities
j@ View settings for selected entities
T Print table
i Tableto report

Eview »
S+ Copy add data

]
g" Move add data
@ Moveadd data

[5] Delete Del
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8.4.2. Multiple check of connections

With the option “Overall steel connections check” in the menu “Design > Steel Connections” you can do an overall
check for all connections in a project. In the preview window, you will find a list of all connections, with all checks next
to it.

Check of connection

Name | Node | Case | Beam | ucM [ ucV | ucN | Stiffness
[-1 [-1 [-1
Conn N2 LC1 B3 0,29 | 0,05 0,00 | Not ok
Connl |NS LC1 Be 0,34| 0,05 0,00 | Not ok
Conn2 |N9 LC1 B9 0,38| 0,15 0,00 | Not ok

8.4.3. Expert system
Open example CON_004.esa.

Now delete the connection “Conn” in this example and add a new connection to this node. In the Actions menu, you
will the option “Load from expert database” and choose for this option:
1 ACTIONS
|® Fefresh
(®) Open Preview
(») Saveto ewpert database

@ Load from expert database

This option is only available if you did not add anything yet to the connection.

In this expert database, you will see some registered connections in SCIA Engineer and the unity check of this
connection. Choose the third connection with a unity check of 0.17.

Selection dialog X
Name Unity check  Position Source Bolt gra | OK I
No connection 0.00 - - Cancel
EHT1/B/|PEZZO/‘|5/M16 10.9 0.14 SCIA
_m’.
IH‘IE/IPEZZO/ZOBO 0.18 10.9
IH1E/IPE220/16/25 0.26 + DSTV 109
IH3E/IPE220/16/20 0.28 - DSTV 10.9
BC/B/IPE220/HE140B/12/M16-8.8/1 0.31 + Calculated 8.8
BC/B/IPE220/HE140B/12/M16-8.8/1 0.43 - Calculated 8.8
< >

Now this connection will be input on the node and you can adapt this default connection afterwards.

When selecting a connection, you can choose for the option “Save to expert database” and save your connection in this
database and use it again in another project.

74 BV —2026/10/30



8.4.4. The use of 4 bolts / row

When 4 bolts per row are used, additional capacity Fada is added to the bolt row/group capacity of the column flange
and/or the endplate. Faud is defined for the following conditions:
e the capacity of the inner two bolts is equal to the bolt tension resistance (failure mode 3) or is defined by a
circular pattern
e the bolt row / group is stiffened
e the bolt group contains only 1 bolt row

B Bolts X |

Selected bolt assembly M16-8.8 ¥ ons
b Len, 50.00

P 4

_W‘iﬁ_ Bolt pattern 4 bolts/row ¥ I
PS
b 4

A
&

feference Bottom of the beam v

hg Internal bolts distance [mm] 80,00

)
5

External bolts distance [mm] 80,00

Use last bolt-row for shear capacity only
L.Row
2.Row ﬂ
3.Row
4.Row
1.Location [mm] 250,00
2.Location [mm] 180,00
3.Location [mm] 94,00
4.Location [mm] 40,00

For more info about this topic, we refer to Ref.[2].
This option to use 4 bolts in a row can be activated with the manage button behind the bolts.

An example of this connection can be found in example CON_005.esa, node N8.

BV —2026/10/30

75



8.4.5. Monodrawings

It is possible to make automatic connection drawings in SCIA Engineer. To use this option, it is enough to select the
functionality “Steel connections” in the project data and define at least one steel connection.

After this you can open the picture gallery from “Menu bar” > “Libraries” and choose to generate steel connections
monodrawings from the wizard:

@Piduregﬂliery O e
d7f ure TORo L ORE &

MAME T vt New by wizard (Ctrl+W)

Make new picture(s) by wizard.

When the drawings are finished, they can be found again in the Picture gallery:

76

[F5] Picture gallery O X
FrUrg DODO B ONE @
Name Conn[N2]<Side view> fa
B Wizard "steel connections” - Cenne Scalel: 10
i~ Conn[NZ]<Front view Side->[B3]> 2021 06 01 01:02:33 2021 06 01 Picture width [mm] 107,000

Picture height [mm] 176,000
Display made Wired v
View point
Load units in regen. (related tc
Textscale factor 1

L conn[N2)End-plate-»[83) 2021 0601 01:02:34 2021 06 01

Charset of texts Western European, UK, U?
Lina pattern length 3 b
Display GCS icon None v
4 Performance

b P
iz 01 L[_,_

Attached text to be typed here. s
7

e

New Edit Delete Close
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9. Welded connections

In this chapter we will show the calculation of a welded connection using example CON_005.esa, node N3.

The calculation is done with the Safety factors according the EN 1993-1-8 (Ref.[1]) and the following internal forces:

According to EN 1993-1-8
National annex: Standard EN

Partial safety factors

Gamma M0 1.00
Gamma M1 1.00
Gamma M2 1.25
Gamma M3 1.25

1. Internal forces

NEd 148.84 |kN
Vz,Ed [85.18 kN
My,Ed [-123.96 |kNm

Tension top
Note: NEd <= 0.05 * Npl,Rd,Beam.

A negative moment will result in tension at the top flange of the beam.

Calculation Vwprd (column web panel in shear)

v 09- fy A
pRA = =
v \/§ *YMmo
When a web doubler is used:

Avc’ = Avc + bsts

Avc = A= 2bts + (tw + 2r)ts

Avc = 13140 — 2*280*18 + (10.5 + 2*24)*18 = 4113 mm?
A’ =4113 +172*10.5 = 5919 mm?

0.9-fy"Ayc’ _ 0.9-235:5919
e = ST = 72277 kN

pr,Rd =

And the same is shown in SCIA Engineer:
2.1.1. Column web panel in shear
According to EN 1993-1-8 Article 6.2.6.1

Vwp,Rd data

Column web in shear (Vwp,Rd/Beta) [722.77 kN
Beta 1.00
Avc 5919.00 |[mm?

Note: The shear area Avc has been increased due to the presence of a web doubler.
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Calculation Fewerd (column web in compression)

[V kwc ' beff,c,wc “twe fy,wc w - kwc P beff,c,wc “twe fy,wc

Fc,wc,Rd = but Fc,wc,Rd <

Ymo Y™mo

In SCIA Engineer:

2.1.2. Column web in compression
According to EN 1993-1-8 Article 6.2.6.2

beff,cwc [249.83 |mm
twc 1575 mm
wl 0.80
w2 0.55
) 0.80
dwc 196.00 |mm
Ap,rel 0.44
p 1.00
kwc 1.00
Fc,wc,Rd  [736.92 [kN

Note: The thickness twc has been increased due to the presence of a web doubler.

Calculation Feb,rd : Beam flange in compression

Mc,Rd

F ="
¢,fb,Rd hb — tfb

M, gy = BIRD _ 655 _ gon | Nm
c,Rd YMo 1.0

655000 kNmm
Femra = (550-17.2)mm 1229 kN
In SCIA Engineer:

2.1.3. Beam flange and web in compression
According to EN 1993-1-8 Article 6.2.6.7

Section class |1

Mc,Rd 654.95 kNm
hb-tfb 532.80 mm
Fc,fb,Rd 1229.25 |kN

Calculation Fifcrd (column flange in bending)

twe  fy 17.2-235
Feferd = (twe + 27 Tc +7 K- tge) - v =(105+2-24+7-1-18) - ————

= 745 kN
MO 1.0

In SCIA Engineer:
2.1.4. Column flange in bending (EN 1993-1-8 art. 6.2.6.4)

(Ft,fc,Rd) data
(Ft,fc,Rd) |[745.75 |kN

k 1.00
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Calculation Fiwerd (column web in tension)

_ p'beff'twc'fy
Fiwerd = —————
YMmo

twe = 1.4-10.5 = 14.7 mm

begr =t + 2V2-a+ 5+ (te +1) = 17.2 + 229 + 5 (18 + 24) = 252 mm

P=pPr

py = ;—2 =0.81
\/1+1.3'(_be££;flwc)

Ft’WC'Rd — 0.81:252:14.7-235 — 705 kN

1.0
In SCIA Engineer:
2.1.5. Column web in tension (EN 1993-1-8 art. 6.2.6.3)

(Ft,wc,Rd) data
(Ft,wc,Rd) [704.55 |kN

beff 249.83 [mm
twc 14.70 mm
omega_1 0.82
omega_2 0.58
omega 0.82

Calculation MRd (design moment resistance)

705 kN x 0.532 m =375 kNm

In SCIA Engineer:
2.2. Determination of Mj,y,Rd
According to EN 1993-1-8 Article 6.2.7.1 (4)

F 704.55 |kN
h 532.80 |mm
Mj,Rd 375.39 |kNm

Calculation af

The weld size ar is designed according to the resistance of the joint. The design force in the beam flange can be
estimated as:

_ Mggq _ 375

Fra = T " 0532 705 kN

The design resistance of the weld Fw shall be greater than the flange force Frd, multiplied by a factor y. The value of the
factor yis:

e y=1.7for sway frames
e y=1.4for non sway frames

However, in no case shall the weld design resistance be required to exceed the design plastic resistance of the beam
flange Ntrd:

b -ty - fip _ 210-17.2- 235
YMmo 1.0

Nerd = = 849 kN

Fw=min (Ntrd; Y Frd) = min (849; 1.4*¥705)= 849 kN
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The weld size design for af, using Annex M of EC3

S Fo * Ymw " Bw _ 849000-1.25-0.8

ar = = = 7.94 mm
Tt b V2 360210 V2

We take af = 8 mm.

In SCIA Engineer

6. Design calculations

6.1. Flange welds

data

Mj,y,Rd 375.39 |kNm

a 1.40

h 532.80 |mm

FRd 986.38 |kN

Nt,Rd 771.65 |kN

fu 360.00 |MPa

Bw 0.80

minimum_af [6.35 mm

af 7.00 mm
Calculation of aw

11, al

The section is sollicitated by the moment M, the normal force N and the shear force D.

The moment M is defined by the critical design moment resistance of the connection. The normal force N is taken as

the maximum internal normal force on the node, the shear force D is taken as the maximum internal shear force on the
node.

M =375 kNm
N =148 kN
D=85kN

(see calculation of Mrg and the internal forces, given in the beginning of this chapter)
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To determine the weld size a2 in a connection, we use an iterative process with a2 as parameter until the Von Mises
rules is respected:

u

haY:

and o, <

W

D
T, =
2-a,-1,
With:
e fy ultimate tensile strength of the weaker part
e Bu correlation factor
* Ymw partial safety factor for welds
In SCIA Engineer:
6.2. Web welds
M 375.39 kNm
N 148.84 kN
\' 85.18 kN
fu 360.00 MPa
Bw 0.80
al 7.00 mm
a3 7.00 mm
11 210.00 mm
2 450.40 mm
13 75.45 mm
A 6854.20 mm?
I 393198742.61 | mm*
minimum aw (a2) |5.12 mm
aw 6.00 mm
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10.Pinned joints ‘

In SCIA Engineer four types of joints are supported:
e Type 1: welded plate in beam, welded to column
e Type 2: bolted plate in beam, welded to column
¢ Type 3: bolted angle in beam and column
e Type 4: short endplate welded to beam, bolted in column

For each type, the design shear resistance Vrd (taking into account the present normal force N) and the design
compression/tension resistance Nrq¢ are calculated.

The design shear resistance is calculated for the following failure modes:
e design shear resistance for the connection element
¢ design shear resistance of the beam
e design block shear resistance
e design shear resistance due to the bolt distribution in the beam web
e design shear resistance due to the bolt distribution in the column

The design compression/tension resistance is calculated for the following failure modes:
e design compression/tension resistance for the connection element
e design compression/tension resistance of the beam
¢ design tension resistance due to the bolt distribution in the column

In Ref.[2], more info on the used formulas is given.

10.1. Welded fin plate connection
In this chapter we will show the calculation of a welded fin plate connection using example CON_009.esa, node N2.

The calculation is done with the Safety factors according the EN 1993-1-8 (Ref.[1]) and the following internal forces:
The limit capacities are according to EN 1993-1-8

Partial safety factors

Gamma M0 1.00
Gamma M1 1.00
Gamma M2 1.25
Gamma M3 1.25

1. Internal forces

C1

N -1.43 |kN
Vz [7.97 |kN
My 10.00 |kNm

10.1.1. Design shear resistance Vg for connection element
Transversal section of the plate: Ap; = 2 - hp; » t,; = 216312 = 3912 mm? (2 plates)

Normal stress: oy = Al =2 _0.3681 N/mm?
pl

3912

. tprhy 3
Flexion module: Wy = 2 = 106276 mm

Design shear resistance: a = 163/2 = 81.5 mm is the centre
A- fy 3912 -235
Vra1 = =
Ymo V3 1.00-+3

= 530769 N = 530.77 kN

Voo = |y W22 _ Cosesn)]- 128275 _ 306 920N = 306.92 kN
Ra2 =1V 0 N2 T 100 : 815 o

Via = min(Vras; Vraz) = 306.92 kN
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In SCIA Engineer:

2. Design shear resistance
2.1. Design shear resistance VRd for connection element

data
sigmaN -0.37 MPa

A 3912.00 mm?2
Av,net 3912.00 mm?2
0 106276.00 |mm3

a 82.00 mm
VRd - bending [304.10 kN
VRd - shear 530.77 kN

10.1.2. Design shear resistance Vrg for beam
Sheararea:A, =A—2-b-t;+ (ty +2-1) - t;=3910—2-120-9.8 + (6.2 + 2-15) - 9.8 = 1912.76 mm?

Ay fy

Shear resistance : Vgq = vl 259518.1 N = 259.52 kN
Mo~

In SCIA Engineer:
2.2. Design shear resistance VRd for beam

Av 1912.76 [mm?
VRd [259.52 kN

10.1.3. Design compression/tension resistance Ngq for connection element

Area of the element: Ay = 2 - hy; - tp; = 3912 mm?
Compression/tension resistance : Nrq = :"—l-fy =919320 N =919.32 kN
Mo

In SCIA Engineer:
3.1. Design compression/tension resistance NRd for connection element

A 3912.00 |mm?2
NRd |919.32 kN

10.1.4. Design compression/tension resistance Nrq for beam
Area of the beam: A =0.003910 m?

Compression/tension resistance : Nrq = :j = % =918850 N =918.85 kN
Mo .

In SCIA Engineer:
3.2. Design compression/tension resistance NRd for beam

A 3910.00 |mm?
NRd [918.85 kN

10.1.5. Weld size calculation for Plate, Beam and Column

To determine the weld size a for the plate on the beam and on the column, we must use a iterative process with a as
parameter until the Von Mises rules is respected (Annex M/EC3):

f f
,/cf+3Eﬁr?+t§jSB—“ and 0, < 4

w M, Ym

w

We'll only check the weld size for the final value of a. For the weld between plate and beam we find
a =4 mm and for weld between plate and column, the weld size isa = 11 mm.
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Weld size Plate/Beam

We define the play as the effective distance between the end of the beam and the flange of the column. In this case,
the play is 10mm. By using EC3 and the Chapter 11 of the manual, we compute the following parameters:

Weld size: a =0.004 m

Weld Length: [, =h, —2[, =0.163 -2[0.012 =0.139m

=0.13m

1, =b, —Play -20, =

1=1, —Play =0.164 —0.01 =0.154m

By EC3: fuw = 360000000 N/m? and Bw = 0.8. The parameters are:

_(07071a11, +0.5771a11,)01

=104.10
0.57700, +1.4140 0,

_ 0.5771all, =0.30377

0.5770a 0, +1.414 0 0,

0.117 @0
- =0.15603
017G I 05773, (b
0.707[all, =0.3987

T 070700, + 11400,

L=10+g=10+104,10 =114,10mm

Shear force on one plate: D = % = 252—'52 = 129.76 kN (for one plate)

Normal force on one plate: N = % = _1244 —0.72 kN

Moment on the plate: M =D+ L = 129.76 - 0.1141 = 14.81 kNm

Weld Check 1:
__ _6luM _ TIN N
T, =0, = =127,7
BN GAv v e J_mzu /
= —70971V
\/a +3[ﬂr +r)
Unity Check: 7 =0.63<1 andf =0,35<1
ﬁw D/M %Mw
Weld Check 2: ( )
1-0
-7 = 7N,
g =T =
b 2[«1/_@- /
p =(-p)r (-r)ov =14799%/
hla(d, 2040,
\/a +3Eﬁr +r)
Unity Check: 7 =0.63<1 and——=0.17<1
/ﬁWWMW %M
84
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In SCIA Engineer:

5. Weldsize calculation
5.1. Weldsize plate/beam

data |
Fu 360.00 |MPa
beta 0.80

a 4.00 mm
I 139.00 |mm
2 130.00 |mm
L 114.10 |mm
g 104.10 [mm
delta 0.30

mu 0.16

tau 0.40

D 129.76 |kN
N -0.72 kN
M 14.81 kNm
for weld check 1 :
sigma,1 [127.57 [MPa
tau,1 127.57 |MPa
tau,2 70.89 MPa
for weld check 2 :
sigma,1 [61.61 MPa
tau,1 61.61 MPa
tau,2 147.84 |[MPa

Weld size Plate/Column

Weld size:a=0.011m
Normal force: N =-1440 N =-1.44 kN
Moment: M = D - L = 259.790 - 0.082 = 21.3 KNm

Stress calculation:

pepo N M_ N |

1 YT L o Ao o

2320 W 2B2@O Az md
6sN

2= 2I_711l Aim

\/0 +3Eﬁr +r)

Unity Check: 7 0.75<1
e

In SCIA Engineer:

5.2. Weldsize plate/column
Fu 360.00 |MPa
beta 0.80
a 11.00 mm
L 82.00 mm
D 259.52 |kN
N -1.43 kN
M 21.28 kNm
sigma,1 |155.21 |MPa
tau,1 155.21 |[MPa
tau,2 72.37 MPa
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10.2. Bolted fin plate connection

In this chapter we will show the calculation of a bolted fin plate connection using example CON_010.esa, node N2 for
combination C1.

10.2.1. Design shear resistance Vrq4 for connection element
Transversal section of the plate: A, = 2-h-t=2-188 12 = 4512 mm? (2 plates)
Aynet = A— #bolts - (t-d,) = 4512 — 4+ 12 - 18 = 3648 mm?

N _ -1440 _

Normal stress: oy = ;= ———= —0.32 N/mm?

Flexion module : W = 2 - = = 141376 mm®
Bolt centre : a = 34 mm (= X1 parameter of the bolt position)

The bolt holes are not taken into account when: Ay ¢ = :—y A - 3648 > 2945 OK

. e . f,
When Ay et is less than this limit, an effective shear area of A, = f—“ * Ay netmay be assumed, else A, = A
y

Design shear resistance:

A,-f,  4512-235
Vi = ——== = 612176 N = 612.18 kN
Ymo*V3  1.00-+/3

S A Rt 032]
rdZ_EGN ;—ﬁ( .32)

141376
R 978488 N = 978.49 kN

3
Vg = min(Vpgy; Veg) = (612.18;978.49) = 612.18 kN

In SCIA Engineer:

2. Design shear resistance
2.1. Design shear resistance VRd for connection element

sigmaN 0.00 MPa
A 4512.00 mm?
Av,net 3648.00 mm?2
W 141376.00 |mm3
a 34.00 mm
VRd - bending |977.16 kN
VRd - shear 612.18 kN
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10.2.2. Design shear resistance Vr4 for beam
Sheararea:A, =A—2-b-t;+ (t, +2:1) t;=3912—-2-120-9.8+ (6.2 + 2-15) - 9.8 = 1912.76 mm?
Net area : Ayper = Ay — #bolts per section - t,, - dy = 1912.76 — 2+ 6.2 - 18 = 1689.56 mm*

The bolt holes are not taken into account when: Ay ¢ = :—y A, - 1689.56 mm? > 1249 mm? OK

. e . f
When Ay et is less than this limit, an effective shear area of A,y = f—“ * Ay net May be assumed, else Ay; = A,
y

Design shear resistance: Vgq = gi'fy = 19\1/2_'160'?5 = 259518 N = 259.52 kN
“YMo oL

In SCIA Engineer:
2.2. Design shear resistance VRd for beam

data

Av 1912.76  [mm?2
Av,net |1689.56 |mm?2
VRd 259.52 kN

10.2.3. Design shear resistance Vgrq for bolt in beam

The calculation of the shear resistance for bolt in beam is based on the following equation to be solve

2 452 2 2 2
V;d iz+a 2@* +2Bzm‘+a ?i v 24N [d +N—2—Q2 0
n I, n Up I, I, 7))
Where : a =0.0995m b =0.094m ¢ =0.0655m d =0.07m
4 2
I, =) rf = ) 95.66% =0.036761m
)
QO =min (2 [F, s »min (Fbde’plam 3 Fy rd beam ))=31740.8256 N for two plates, where
0.60F [A
. FVRd =W — s =30]144N =30.1kN
Yo
2500 [, [
¢ E, v pean = =31740.8256N = 31.7kN
o Yo

f
with , = min TN TN % Y YV
3d, 3d, 4 f,

¥a Jrote, b b, 122867 .712N
b,Rd , plate y .
Mb

f
with o, = min i;&—l; w | =0.444
3d, 3d, 4°f,

By solving the second-degree equation, we find Vrd = 124.28 kN
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In SCIA Engineer:

2.3. Design shear resistance VRd for bolts in beam

Bolt resistance

el,el 24.00 mm
el,bw 24.00 mm
pl 140.00 |[mm
p2 131.00 |mm
ki plate 2.03
ki beam 2.03

Alfa_b plate |0.44
Alfa_b beam [1.00
Alfa_d plate [0.44
Alfa_d beam |2.34

Fb,el,Rd 99.94 kN

Fb,bw,Rd 58.09 kN
Fv,Rd 30.14 kN
data |
a 99.50 mm

b 94.00 mm

d 70.00 mm

C 65.50 mm

Ip 36761.00 |mm?
VRd |124.28 kN

10.2.4. Design block shear resistance Vrg beam

The design value of the effective resistance to block shear is determined by the following expression:

\V/ _ Av,eff'fy
effRd — 3y

with Ay eff = t- Ly efr
Mo

The values al, a2, a3 and Lv are defined as follows:

T 77773

L 7
2k

We determined the effective shear area Ay.eff as follows :

Lv

a3

i

a1=50mm; a; =165 mm; a3 =50 mm

Lv=h—-a1—a3=240-50-50 =140 mm

88
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L, =min| L, +q, +a3;(LV ta ta,—n DZO)G%
y
= min(240;257,36) = 240mm
L, = min(a,:5[&,) = min(50;90) = 50mm
L, =(a, -k mO)BfQ =(165-2,508) Gi% =183,83mm
y

with k =2.5 for 2 bolt - rows
L, =min(L, +L, +L,;L,)=min(373,83;240) = 240mm

V,e

Ayerr =t Lyerr = 6 - 240 = 1440 mm?

Vattra = Aﬁ;;foy — 195375 N = 195.38 kN

In SCIA Engineer:
2.4. Design block shear resistance VRd - Beam
Ant _ [793.60 mm?

Anv |1016.80 |mm?2
VRd [252.24 kN

10.2.5. Design block shear resistance Vg4 connection element (beam side)

The design value of the effective resistance to block shear is determined by the following expression:

Ay,

_ Averrfy ..
Veftrd = T With Ayegr = 1 - t+ Ly efr

With:
e n number of plate, cleat
o t thickness of plate, cleat

The values a1, a2, a3 and Ly are defined as follows:

a3
1
T

We determined the effective shear area Ayeff as follows :
a1 =24 mm; a; =155mm; a3 =24 mm

Lv = hplate — a1 — a3 = 188 — 24 — 24 = 150 mm

Ly =min| L, +a, +a3;(Lv ta, ta, _nwo)Gf&
y
= min(188;177,7) =177, 7mm

L, = min(a,:5 [, ) = min(24;90) = 24mm
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L, =(a, -k mzo)mj’j—" =(155-2,508) % =168,51mm
y

with k = 2.5 for 2 bolt - rows
L, =min(L, + L +L,;L,)=min(342,51;177,7) =177, 7mm
Agest =N t- Ly =212+ 177.7 = 4264.8 mm?

Vestra = 5% = 578637 N = 578.64 kN

In SCIA Engineer:
2.5. Design block shear resistance VRd - Connection element on beam side

data

Ant  [3312.00 [mm?
Anv |3288.00 [mm?2
VRd |923.04 kN

10.2.6.  Design compression/tension resistance Nrqg for connection element
Area:A=2-h-t=2-188-12 = 4512 mm?
Netarea:Ape =A—2-t-2-dy = 4512 —2-12-2-18 = 3648 mm?

Afy 4512235

Compression resistance: Ngq =
YMo 1.00

= 1060320 N = 1060.32 kN

In SCIA Engineer: i
3.1. Design compression/tension resistance NRd for connection element

data

A 4512.00 [mm?2
Anet [3648.00 [mm?
NRd 945.56 kN

10.2.7. Design compression/tension resistance Nrq for beam
Area: A =3910 mm?

Net area: Apee = A— 2+ t-dy = 3910 — 2 6.2 - 18 = 3686.8 mm?
. ‘ . (Afy 09-Apef . (3910235 0.9-3686.8:360
Tension resistance : Ngg = min (—y,ﬂ) =m ( ,
YMo YM1 1.00 1.25

) = 918.85 kN

In SCIA Engineer:
3.2. Design compression/tension resistance NRd for beam

data

A 3910.00 |mm?2
Anet |3686.80 |mm2
NRd  |918.85 kN

90
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10.3. Bolted cleat connection

An example of this connection can be found in example CON_011.esa, node N2.

10.4. Flexible end plate connection

An example of this connection can be found in example CON_012.esa, node N2.
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11.Hollow section joints ‘

The design of Hollow Section Joints within SCIA Engineer is implemented according to EN 1993-1-8:2005-05, including
Corrigendum EN 1993-1-8:2005/AC:2009-07, however for certain parts also different references are taken into account.
Such references will be mentioned where relevant.

Used terms and symbols are in line with the main code.

Open example CON_13.esa.

11.1. Joint configuration

The design procedure defined by the EN 1993-1-8 Article 7, may be applied to joint types specified in EN 1993-1-8
Article 7.1.2 Table 7.1.In SCIA Engineer uniplanar configurations T, Y, X, N, K, DY and DK are currently supported.

K joint

KK joint

TT joint

i
=

DY joint XX joint

11.1.1. Automatic recognition

The automatic recognition of joint configuration is based on the Structural model, taking into account all members
selected during input of the joint object. The recognition is processed in several steps:
e List of all selected members is created.
*  Members with the highest value of Structure type are marked as chord members. User may use for example
type truss chord with value of 95.
* Remaining members are marked as brace members. User may use for example type truss diagonal with value
of 90.
e For each brace member respective delta angle between the brace member and the chord member is
measured .
e The brace member with the smallest delta angle is marked as brace 1.
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e Depending on the number of brace members, an additional delta angles between brace members are
measured. The angles are measured in a continuous direction from angle delta 1. See example picture below.

brace 3 brace 2

hrace 1

delta 3
Y

chord 1 delta 1

e The algorithm indicated on the picture below is used for the final determination of the joint configuration.

An additional per-plane validation tests need to be fulfilled in the structural model:
e Axes of all members has to be in one plane.
e Chord members has to be in line, which in terms means use the same eccentricity
e ForT,Y, X, DY and DK joint configurations, all the members need to have one intersection point.

An additional cross-section validation tests need to be fulfilled:
e For Circular Hollow Section joints, the cross-sections marked by SCIA Engineer as formcode 3 cross-section, are
supported .
e The cross-section id of the chord members have to be identical.

An additional geometry validation tests need to be fulfilled in the structural model:
e Continuous chord members are supported.
e Continuous brace members are not supported.
e The curved members are not supported.

If the configuration is not recognized, an error massage is displayed during the input of the joint object. User may also
modify the geometry or member attributes when a joint already exists and in such case recognized joint configuration is
changed to "Not Recognized".

In SCIA Engineer:

1. Joint members info

Members B115, B116
Cross-section CHS219.1/12.5

do 219,10 mm
to 12,50 mm
Material S 355

fro 355,0 MPa
Ay 8110 mm?2
Wel,y 397000 mm3
Wel,z 397000 mm3
Member B117

Cross-section CHS139.7/5.0

di 139,70 mm
ty 5,00 mm
0 45,00 deg
Material S 355

fy.1 355,0 MPa
A 2120 mm?2
Wel,y 68800 mm3
Wel 2 68800 mm3
Member B125

Cross-section CHS114.3/3.6

d2 114,30 mm
t 3,60 mm
[P 45,00 deg
Material S 355

f,2 355,0 MPa
A 1250 mm?2
Wel,y 33600 mm3
Wel,z 33600 mm3
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11.1.2. Gap / Overlap

Geometric definition of gap and overlap is given by EN 1993-1-8 Article 1.5 Figure 1.3. Within SCIA Engineer the Gap /
Overlap definition parameters are only valid and displayed for N, K and DK joint configurations.

gap g overlap ratio A4, = (g/p) x 100 %

(a) Definition of gap (b) Definition of overlap

Either gap or overlap is calculated automatically by default using the structural model geometry and the value is shown
in the properties of the joint object with reference to identified brace members. The formulas for calculation of gap,
overlap and also eccentricity are based on a CIDECT publication "Design guide for circular hollow section (CHS) joints
under predominantly static loading", 2008:

dy * sin(01 + 92) dy do
g=(e+—-)*= -~ oa——— — o
2 sinf; ¥*sinf, 2*sinf; 2 *sinf,

dy dy

n * sin 01 * sin 02 d()
2*sinf; 2 *sin6,

sin(01 + 92) B 7

9)

e=(

Eccentricity of the joint is defined in EN1993-1-8 Article 5.1.5 Figure 5.3.

The user is also allowed to input direct values of gap or overlap or define it through manual input of eccentricity. This
may be done through "Definition" combo-box item in the properties where the user may select from several options:
*  From structural model - Default option. Both gap and overlap is calculated automatically using the structural
model geometry. Eccentricity, gap or overlap items are disabled for editing.
e Eccentricity - Direct input of eccentricity. Gap or overlap is calculated based on the defined eccentricity value
and is disabled for editing. Valid input range is <-1;1>[m].
e @Gap - Direct input of gap. Eccentricity is calculated based on the defined gap value and is disabled for
editing. Valid input range is <0;1>[m].
e Overlap - Direct input of overlap. Eccentricity is calculated based on the defined overlap value and is
disabled for editing. Valid input range is <0;110>[%)].

In SCIA Engineer:
2. Joint configuration
Gap / Overlap [Brace 1, Brace 2]

Eccentricity 0,00 mm
Gap 39,49 mm

Joint configuration K
Design tables 7.2, 7.5
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11.2. Validation tests

11.2.1.

Redistribution of bending moment caused by eccentricity of brace members

As specified in EN 1993-1-8 Article 5.1.5 (6), when brace eccentricities are within the limits given in 5.1.5(5), the
moments resulting from the eccentricities should be taken into account in the design of compression chord members.

In SCIA Engineer the redistribution for such case is done in several steps:

The moment caused by eccentricity of braces is calculated as:
My,o,ecc =YN; *xcosB; xe

With

Ni design normal force in the brace

Bi angle between the brace and chord members
e brace eccentricity

The chord sides in compression are identified. The side is recognized to be in compression if the formula
below produces a positive result. The internal forces from the respective section closest to the the joint
node are used in the formula.

= h+ |My.0.Ed| n |MZ,0,Ed|
Ao Wel,y,o Wel,z,o

With

Ned design normal force in the chord at a joint

Ao chord cross-section area

My,0,ed design bending moment around y-axis in the chord at a joint
Wely,0 elastic section modulus of chord cross-section around y-axis
Mz,0,ed design bending moment around z-axis in the chord at a joint
Wel 2,0 elastic section modulus of chord cross-section around z-axis

If no chord side in compression is found, no redistribution is done and a warning is displayed in the
detailed the output.

Ratio for each chord side in compression is calculated based on the number of chord sides in
compression. If only one side of chord is in compression the ratio for that side is set to 1 however if two
sides of chord is in compression are found, the moment caused by eccentricity of braces is equally
redistributed to both sides using coefficient 0,5.

ly,1 moment of inertia for 1st chord side in compression
Li system length of the member on 1st chord side in compression
ly,(i+1) moment of inertia for 2nd chord side in compression
Lii+1) system length of the member on 2nd chord side in compression

Additional moments for each of the compression sides of a chord are calculated and added to initial
internal forces of the respective side. As specified by EN 1993-1-8 Article 5.1.5 (8) these additional
moments, resulting in additional stresses, are taken into account in the determination of the factors km ,
kn and kp used in the design of the joint.

As specified in EN 1993-1-8 Article 5.1.5 (7), when the eccentricities are outside the limits given in 5.1.5(5), the moments
resulting from the eccentricities should be taken into account in the design of the joints and the members. In this case
the moments produced by the eccentricity should be distributed between all the members meeting at the joint, on the
basis of their relative stiffness coefficients I/L .

In SCIA Engineer for such case no redistribution is done and warning is displayed in the detailed output. The reason for
this is that the redistribution of additional moment should be done in more elaborated way (FEM analysis).
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11.2.2. General scope and field of application

As specified in EN 1993-1-8 Article 7.1.1 the method application is valid both for hot hollow sections to EN 10210 and for
cold formed hollow sections to EN 10219. This is not checked by SCIA Engineer and is responsibility of the user to ensure
that this is fulfilled.

Following items are verified by SCIA Engineer.

General criteria for the joint members given by EN 1993-1-8 Article 7.1.1:
e The nominal yield strength should not exceed 460 MPa. If yield strength higher than 355 MPa, the static
design resistances should be reduced by factor 0,9.
e The nominal wall thickness of hollow sections should not be less than 2.5 mm.
e The nominal wall thickness of hollow section chord should not be greater than 25 mm unless special measures
have been taken.

General field of application for joint members are given in EN 1993-1-8 Article 7.1.2:

e The compression elements of the members should satisfy the requirements for Class 1 or Class 2 given in EN
1993-1-1 for the condition of axial compression.

* The angle 6i between the chords and the brace members, and between adjacent brace members, should be
equal or bigger than 30 degrees.

e In gap joints, the gap between the brace members should not be less than (t1+t2). Based on TATA Steel
publications also maximum limit of 12*tg is checked.

e Inoverlap type joints, the overlap should be at least 25% in order to be bale place welds.

e Ifthe overlap is larger than 60% in case hidden seam of the overlapped brace is not welded or larger than 80%
in case hidden seam of the overlapped brace is welded, a warning requesting additional shear check is
displayed.

e Where overlapping brace members have different thickness and/or different strength grades, the member
with the lower (ti*f,,) value should overlap the other member.

*  Where overlapping brace members are of different widths, the narrower member should overlap the wider
one.

Not fulfilling any of the tests above will result in a displayed error after a chapter with geometry tests and termination of
the check part! The exception are the tests for the yield strength of 355 MPa, eccentricity and maximum overlap limit.
These exceptions will result in warning messages in the respective validation parts.

11.2.3. Range of validity for CHS chord and CHS brace members
The EN 1993-1-8 Article 7.4.1 Table 7.1 specifies an additional range of validity tests for the CHS chord joints.

Diameter ratio 0.2=<d/d;=<1,0
Chords tension 10 < dy/ty < 50 (generally), but:
compression | Class 1 or 2 and
10 < dp/ty < 50 (generally), but:

Braces tension di/t; < 50

compression Class | or 2
Overlap 25% < Agy < Agyjim., S€€ 7.1.2 (6)
Gap g2t +t,

All the items above are verified by SCIA Engineer.

Not fulfilling any of the tests above will result in a displayed error after a chapter with geometry tests and termination
of the check part! The exception is the test for maximum overlap limit. This exceptions will result in warning message in
the validation part.
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In SCIA Engineer:

5. Validity checks
EN 1993-1-8 Article 5.1.5 (5)
0,55 * dy <= e <= 0,25 * dy

Min limitfmm] Max limitfmm] Eccentricity[mm] Result
Brace 1, Brace 2 | -120,50 04,77 0,00 OK

[Myoecc [0,00 [kNm |

Chord Positionfm] Ratio[-] MygecfkNm]
B115 3,000 0,50 0,00
B116 0,000 0,50 0,00

Note: Eccentricty is within the limits, therefore additional moments are taken into account for compression chord members.

EN 1993-1-8 Article 7.1.1 (4)

fy,i <= 355MPa

fy,i <= 460MPa

Member Property Value[MPa] Warning Max limit

limit Result Result

Chord fu0 355,0 - oK

Brace 1 fy1 355,0 OK 0K

Brace 2 fuo 355,0 oK oK

EN 1993-1-8 Article 7.1.1 (5)
t == 2.50 mm k
Member  Property Value[mm] Result

Chord ta 12,50 OK

Brace 1 t1 5,00 OK

Brace 2 t2 3,60 OK

EN 1993-1-8 Article 7.1.1 (5)
tp <= 25.00 mm

Member Property Value[mm] Result
Chord o 12,50 OK

EN 1993-1-8 Article 7.1.2 (3)
30 deg <= 6; =<90 deg

Member Property Value[deg] Result

Brace 1 01 45,00 0K
Brace 2 0> 45,00 OK

EN 1993-1-8 Article 7.1.2 (5)
t+th<=g<=12%t

Location Min limitfmm] Max limitfmm] Gap[mm] Result
Brace 1, Brace 2 | 8,60 150,00 39,49 OK

EN 1993-1-8 Article 7.4.1 (3) Table 7.1
0.20 <= di/do <= 1.00

Member Property Value[-] Result

Brace 1 dy/do 0,64 OK
Brace 2 dy/do 0,52 oK

EN 1993-1-8 Article 7.4.1 (3) Table 7.1
10.00 <= do/to <= 50.00

Class 1 or 2

Chord Loading effect Property Value Cross-section Result
B115 Compression do/to 17,53 OK OK
B116 Compression do/to 17,53 OK OK
EN 1993-1-8 Article 7.4.1 (3) Table 7.1

Class 1 or 2

Member Loading effect Cross-section

Brace 1 Compression OK

EN 1993-1-8 Article 7.4.1 (3) Table 7.1

di/tt <= 50.00

Member Loading effect Property Value[-] Result
Brace 2 Tension da/t2 31575 OK
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11.3. Design resistance

The general criteria for steel member present in the hollow section joint are specified in EN 1993-1-8 Article 7.2.1 (1-2).
e The design values of the internal axial forces both in the brace members and in the chords at the ultimate
limit state shall not exceed the design resistances of the members determined from EN 1993-1-1. In order to

check this the user should run steel check.

e The design values of the internal axial forces in the brace members at the ultimate limit state shall also not
exceed the design resistances of the joints given in design tables as appropriate. This is calculated and

verified by the hollow section joint.

In SCIA Engineer:
6. Design resistances

Y 8,76 -
Oped | 123,3 MPa
Np 0,35 -
ko 0,86 -
fy.0 355,0 MPa
to 12,50 mm
do 219,10 | mm
1,76 -

0; | 45,00 deg
dy | 139,70 [ mm
B 0,58 -

di <= do - 2.00*to

Max limitfmm] di[mm] Result
194,10 139,70 OK

6.1.1. Design axial resistance
According to EN 1993-1-8 Article 7.4 Table 7.2

Chord face failure
Nird | 987,19 | kN

Punching shear fai
Nigg | 191948 | kN

Ni,rd = 987,19 kN
6.1.2. Bending moment resistance
According to EN 1993-1-8 Article 7.4 Table 7.5

Chord face failure
My,1Rrd | - kNm
Mz,1rd | 47,95 kNm

Punching shear failure
My.1rd | 78,03 kNm
Mz1rd | 92,68 kNm

My,1,rd = 78,03 kNm

M,1,rd = 47,95 kNm

6.1.3. Utilization

According to EN 1993-1-8 Article 7.4 Table 7.5

N1,ed / Nird 0,51
My,1,6d / My,1,Rd 0,00
Mz,1.6d / Mz,1.rd 0,00
Nied / Nird + [My.16d/ My 1dl%2 + Mz16d/ Mz1rd | 0,51
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6.2. Brace 2

d, | 114,30 | mm

B 0,58 -

d> <= dp - 2.00%tp

Max limitfmm]
194,10

d;[mm]  Result
114,30 OK

6.2.1. Design axi

al resistance

According to EN 1993-1-8 Article 7.4 Table 7.2
Chord face failure

N2rd | 846,61

kN

Punching shear failure

N2 rd 1570,49

kN

N2,rd = 846,61 kN

6.2.2. Bending

moment resistance

According to EN 1993-1-8 Article 7.4 Table 7.5

Chord face failure

My,2,rd

kNm

Mz2rd | 39,23

kNm

My,2,rd 52,24

Punching shear failure

Mzord | 62,04

My,2rd = 52,24 kNm

Mz2,rd = 39,23 kNm

6.2.3. Utilization

According to EN 1993-1-8 Article 7.4 Table 7.5

No.ed / Nord 0,47
My.26d/ My.2rd 0,00
Mz,2,6d / Mz,2,Rd 0,00
N2,ed / N2,rd + [My,2,6d / My,2Rd]?2 + Mz,26d/ Mz,2rd | 0,47

7. Results

Member  Unity check

Brace 1 0,51

Brace 2 0,47

11.3.1. Uniplan

ar joints

EN 1993-1-8 Article 7.4.2 (1) specifies that in brace member connections subject only to axial forces, the design internal

axial force Nieq shall not exceed the design axial resistance of the welded joint Nird obtained from appropriate design

table.

EN 1993-1-8 Article 7.4.2 (2) specifies that brace member connections subject to combined bending and axial force

should satisfy:

With:
*  Niged
*  Nigrd
e My,ikd
e My,ird
* Mk
. Mz,i rd
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Nira [My,ird

design axial force

design axial force resistance

design in-plane bending moment

design in-plane bending moment resistance
design out-of-plane bending moment

design out-of-plane bending moment resistance

2
N; M, ; M, ;
1,Ed+[ y,l,Ed] +| z,1,Ed| <1
MZ,i,Rd
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11.3.2. Chord stress

For the calculation of the stresses in chord member, used by the joint design routine, the extended formulas to those
given in EN 1993-1-8 Article 7.2.1 (3) are used in SCIA Engineer:

N, Ed n | My0,Ed| n |M..0,E4|
Ay Weiy0 Wei,z0

Op,Ed —

No, Ed N |My,0,E4| N |M.0,E4|
AO Wcl,y,O Wcl,z,O

00,Ed =

With:
*  Nped maximum compressive normal force in the chord at a joint excluding the stress due to the
components parallel to the chord axis of the axial forces in the braces at that joint
e Noed maximum compressive normal force in the chord at a joint
e Ao chord cross-section area
e Myoes design bending moment around y-axis in the chord at a joint
*  Weyo elastic section modulus of chord cross-section around y-axis
*  Mgzoes design bending moment around z-axis in the chord at a joint
e We,o elastic section modulus of chord cross-section around z-axis

For the CHS-CHS hollow section joints the set of internal forces used in calculation of op,ed is presented in the chapter of
internal forces in the detailed output.

11.3.3. Identification of brace members

Integer subscript i for joint members are described by EN 1993-1-8 Article 1.5 (4), where subscript i = 0 denotes a chord,
subscriptsi=1, 2, 3 and 4 denote brace members.

In joints with two brace members, i = 1 normally denotes the compression brace and i = 2 the tension brace. For a single
brace i = 1 whether it is subject to compression or tension.

The above also applies to SCIA Engineer with several extensions for:

e Xand DY joints, where the first brace in the list uses subscript i = 1, the second brace in the list uses
subscripti=2

e DKjoint with all members in either tension or compression, where the first brace in the list uses subscript i =
1, brace on the same side of chord as brace 1 uses i = 2, brace opposing to brace 1 usesi =3 and brace
opposing to brace 2 usesi=4

e DKjoint with tension or compression in opposing braces, where the first compression brace in the list uses
subscript i = 1, brace on the same side of chord as brace 1 uses i = 2, brace opposing to brace 1 usesi=3
and brace opposing to brace 2 usesi=4

As noted above, in some joint configurations the identification of braces depends on the actual internal forces present in
the members. Following the specifications of EN 1993-1-8 Article 7.4.2 Table 7.6 certain combinations of internal forces
may not be designable according to EN 1993-1-8 and will result in unity check of 999. This also applies to K and N joint
configurations when loading effect on both braces is both tensile or compressive.

If zero internal forces are found on both braces in a K or N joint configurations for a certain combination, such combination
will be evaluated with zero unity check and a note will be displayed in the detailed output.

11.3.4. Welded joints between CHS members

Provided that the geometry of the joints is within the range of validity given in EN 1993-1-8 Article 7.4.1 Table 7.1, the
design resistances of uniplanar welded joints between circular hollow section members may be determined using EN
1993-1-8 Article 7.4.2. For joints within the range of validity given in Table 7.1, only chord face failure and punching shear
need be considered. The design resistance of a connection should be taken as the minimum value for these two failure
modes.
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11.3.4.1. Axial force resistance

Design axial resistances of welded joints between CHS brace members and CHS chords is calculated according to EN
1993-1-8 Article 7.4.2 Table 7.2 and Table 7.6.

11.3.4.2. Bending moment resistance
Design resistance moments of welded joints between CHS brace members and CHS chords is calculated according to EN
1993-1-8 Article 7.4.2 Table 7.5.

11.3.5. Special types of welded joints

As specified by EN 1993-1-8 Article 7.4.2 (5), the special types of welded joints indicated in Table 7.6 should satisfy the
appropriate design criteria specified for each type in that table.

Two combinations of internal forces are supported for DK joint configurations:

e All bracing members should always be in either compression or tension. Condition given by the table was

modified and an additional joint unity check is calculated as.
IN1-3pa| *sin@13  |Na g pa|l *sinfy 4 1
Ny ra * sin 6, N;ra *sinf, —
With:
*  Ni3ed average value of design normal force in brace 1 and brace 3
e 013 angle between the brace and chord member for brace 1 and brace 3
*  N2agd average value of design normal force in brace 2 and brace 4
° 024 angle between the brace and chord member for brace 2 and brace 4

*  Nxrd*sinBx  maximum vertical component of brace resistance determined from all braces

e Opposing braces either in tension or compression. An additional joint unity check is calculated for cases
when there are gaps at both sides of the chord as.

N, 2 Ve 2
( 0,Ed ) N ( 0,Ed ) <1
Npio,rd Voi,0,rd

Niest Ed + Nright,Ed
2

fy,O * AO
YM5

No,ga =

Nyio,ra =

Vo,ea = Max(|N1-3.pa| * sin€y_3;|No_4 4| * sinfy_4)

fy0 * Ao
Vol0.rd = _y.._*_”_
\/§ YMs5
2* A
Av,O =
T
With:

e Noed design normal force in the section

*  Nefea design normal force in the chord from the left section at the joint

*  Nrignted design normal force in the chord from the right section at the joint

* Npord plastic normal force resistance of the chord

e fyo yield strength of the chord material

e Ao chord cross-section area

° Ywms partial safety factor for the resistance of joints

* Voeda design shear force in the section

e Ni3ed average value of design normal force in brace 1 and brace 3

e 013  angle between the brace and chord member for brace 1 and brace 3
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* Nased average value of design normal force in brace 2 and brace 4

e 024 angle between the brace and chord member for brace 2 and brace 4
* Vpord plastic shear force resistance of the chord

e Avo chord cross-section shear area

11.3.6. Design of welds

Calculation of weld size is based on the Ref. [35] - ECCS N° 126, where the formula is derived for double fillet weld.
Since only one weld will be present on the brace member, the result value has to be multiplied by 2. The final formula
for weld size used for each brace is derived as:

With:
. fy
d fu
. Bu
. Ymo
* yw2
e t

fy'Bw'YMZ'

a2 —
\/Z'fu'YMO

yield strength of the brace material

ultimate tensile strength of the brace material

correlation factor given by EN 1993-1-8 Article 4.5.3.2 Table 4.1
partial safety factor for material

partial safety factor for welds

thickness of the brace

The weld size is calculated separately for all braces, is rounded up and compared with the minimum value from the
setup. The final weld size is maximum of these two values.

In SCIA Engineer:

8. Welds

Member tfmm] f,[MPa] f,J[MPa] Bu acaidmm]  amin[mm]  a[mm]
Brace 1 5,00 355,0 490,0 0,90 |2,88 3,00 3,00
Brace 2 3,60 355,0 490,0 0,90 |[2,07 3,00 3,00
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