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Advanced Training — Steel Connections

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 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.
-

DE %X @& ® ¢ fa Please click here or press Space and type your text... It will be completed with fines befow. o Dl- =,

IMenulbarg ISEIYsSpotiight PROJECT DATA) A

Structure.

Mo, of nodes
Na of beams

Ho of slabs.

Mo of solids

Mo of used profiles

No. ef Inad cases.

No of used materias
'— * DEBUG
[ Rillwee (D
s
! L':':* Prepery pemnel
ﬁ>l
A F
s
& i
A !
Input pemE] =]
8 PUT PRIEL B Al worktations s
I3 Bl catogories & niugs '
GHEGE® 2 )
i < W m o e Ao
. View]ba iy
=
L «
(N ae ":}
M @

6 MV — 2021/05/31



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 ENRDE

als

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

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

Symmetrical welded | section Asymmetrical welded | section
(made of three flats - lw) (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
| Iwn | 1section = haunch RHS

[Roted =H
|w

111y

| section + haunch
RHS

Column

| section + haunch RHS

|noleu I+H
|

S|
@ wh _ &S es
o | section + haunch

RHS

MV — 2021/05/31



Advanced Training — Steel Connections

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 2
K [ . . .
' Joint = web panel in shear + connection
N 4 $ 1- web panel in shear
2 - connection
-’= 3 - components (e.g. bolts, endplate)
“\s

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:

XX joint

MV —2021/05/31



3. Creation of a small example in SCIA Engineer

3.1. Modeling 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 S235 and activate the functionality Steel
connections:

Project data d

Basicdata Functionality Actions UnitSet Protection
GENERAL DETAILED
Property modifiers P Subsoil
Model modifiers 4 Steel
Parametricinput Fire resistance checks
Climatic loads Steel connections
Mobile loads Scaffolding
Dynamics 7DoF 2nd order analysis for LTB
Stability Girders with sinuscidal webs
Nonlinearity
Structural model g
IFC properties
Prestressing
Bridge design
Excel checks

0K 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

Fame 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

Bolted diagonal connections: | Calculation of bolted diagonals

Hollow section joints: Calculation of welded tubes in trusses

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

Connection monodrawings: Make some nice overview drawings of your connection(s)

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).

MV — 2021/05/31 9
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3.2. Input of the connection
Calculate the model and go to the Steel branch 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.

= INPUT PANEL & sweel

= Steel Connections o Al tags
FRAME STRONG-AXIS ynECTIONS

MDY

In the properties window 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 ?
= STEEL CONNECTION (1) 1
Name EP W A
I Material 5235 M) Name Conn
Thickness(mm] 12 v Node
T Input Top/Bottem/Left/Right v Typeof loads Load cases v
Top extension [mm] 70 Load cases LC1
Bottom extension [mm] 15 Frame type  braced
Left extension [mm] 15 Connection geometry
Right extension [mm] 15 ¥ SIDE ={B3]
Total width [mm] 140 Connection type  Frame bolted
Total height [mm] 305 End-plate (- =
Backingplate ()
Top haunch ()
Bottom haunch () )
Bols ()
Top stiffener ()
Bottom stiffener ()
Diagonal stiffener ()
Bottomn extension Web doubler ()
oK Cancel Update stiffess (7))
I, o e | gt torstfinessel.. 2,00

10 MV —2021/05/31



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

9
| STEEL CONNECTION (1) &
B! Bolts )(l e 7 o
|~
Selected bolt assembly M16-8.8 Yo Name Conn
Length [mm] 50,00 Node
Bolt pattern 2bolts/row v Typeofloads  Load cases v/
L Reference Bottom of the beam v Load cases LC1 v
Internal bolts distance [mm] 80,00 Frametype braced
Use last bolt-row for shear capacity only Connection geometry
1.Row [ | v sibE >(83)
2.Row Connection type  Frame bolted
3.Row End-plate @Y =
4.Row Backing plate (0 )
1.Location [mm] 250,00 Tophaunch ()
2.Location [mm)] 180,00 Bottom haunch ()
3.Location [mm] 94,00 gotts @Y =
4.Location [mm] 40,00 Topstifiener (3
Bottom stiffener ()
Diagonal stiffener (0 )
Web doubler (0
Actions Update stiffness (3 )
Update location >>> Calculation type  Internal forces
Output  Detailed
Length for stifiness cl... 2,00
| v STIFFENERS
Between bolt-rows 12

(oD}
oK Cancel Between boltrows23 ()
...l e ot ovsss (O

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:

1 Boltassembly X |
&1 Bolts - IEFE a2 B S0 M ~Y
Selected bolt assembly M16-8.8 G Name M16-8.8
Length [mm] 50,00
Bolt pattern 2 bolts/row v Selected bolt M16 - 150 40T
Reference Bottom of the beam v |M22-45 Type Normal
Internal bolts distance [mm)] 80,00 o Boltgrade 8.8 v
Use last bolt-row for shear capacity only :: :: Ultimate tensile strength [N/mr 800,000
1.Row 4 Nut
2Row :ﬁ;:: Selected nut M16-150 4034 )
3.Row M20- 10:3 4 Washer
4.Row M22-109 Washer atthe head
L.Location [mm) 250,00 M24-10.9 Washer atthe nut [
2.Location [mm) 180,00 M27- 108 Selected washer M16-1S0 7089 =
3.Location [mm) 94,00 M30-10.9
4.Location [mm) 40,00 M36- 109
M12-10.9-HV
M16-10.9-HV
M20-10.9-HV
Actions M22-109-HV
Updatelocation o> | M24-10.8-HV
M27-10.9-HV
M30-10.9-HV
M36-10.9-HV
M12-88
M16-88
OK | Cancel ol o0 og
M24-88
New | Insert  Edit oK
01 Bolts X I [ Bolt assembly X ‘
gIEFrE «~ T @O A VY [EIBFrE «» O R@O M - Y
M12 - DIN 7990 Mame M16-150 4017 M12-46 Name M16-8.8
M16 - DIN 7990 Diameter [mm) 16,00 M16-4.6 4 Bolt
M20 - DIN 7990 Bore hole [m, M20-4.6 Sel o
M22-DIN7390 Diameter of wrench required ffpr m SRS Type Nermal
M24 - DIN 7990 Head diameter [m REiaLs Boltgrade 8.8 v
M27 - DIN7990 Diagonal head diameter [mm] 26,75 M27-4.6 Ultimate tensile strength [N/mr 800,000
M30 - DIN 7990 . M30-4.6
M12- DIN6914 Head height [mm] 10,00 Bi2-109 4 Nut
M16-DIN 6914 Gross cross-section area [mm*2] 201,00 R— Selected nut M16-1S0 4034 ¥
M20-DIN 6914 Tensile stress area [mm*2] 157,00 M20-10.9 4 Washer
M22 - DIN 6914 M22-10.9 Washer atthe head
M24 - DIN 6914 M24-10.9 Washer at the nut
M27-DIN 6914 M27-10.9 Selected washer M16-150 7089 ¥
M30-DIN 6914 M30-10.9
M36 - DIN 6914 M36-10.9
M12-1S0 4017 M12-10.9-HV
M16-150 4017 M16-10.9-HV
M20-150 4017 M20-10.9-HV
M24-150 4017 M22-10.9-HV
M30-1S0 4017 M24-10.9-HV
M36-150 4017 M27-10.9-HV
M39 - IS0 4017 M30-10.9- HV
Maz2 - IS0 4017 M36 - 10.9 - HV
M45 - 150 4017 M12-8.8
M48 - 150 4017 M16-8.8
M52 -150 4017 M20-8.8
M12-150 4016 M24-8.8
New | Insert | Edit OK || New | Insert | Edit oK
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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

Name Conn

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

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

NEd 0.00 kN
VzEd [10.00 |kN
My,Ed |-10.00 |kNm
Vy,Ed 0.00 kN
Mz,Ed |0.00 kNm

Design resistances

Mj,y,Rd [36.65 kNm
Nj,Rd 245.40 |kN
kN

Vz,Rd 154.02

Limiting parts

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

Siini |10.9694 [MNm/rad
Si 10.9694 |MNm/rad

Classification System SEMI RIGID
Stiffness check |[Not ok

Design resistances

Mj,zRd |1.82 kNm
Vy,Rd 144.47 |kN

Stiffness

Sjini|0.0885 |MNm/rad
S 0.0885 | MNm/rad

«tRESULTS::...

Unity checks

My, Ed/Mj,y,Rd 0.27
Mz, Ed/Mij,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,zRd |0.27

The calculated unity checks and stiffness’s will be explained in detail in the following chapters.

12 MV —2021/05/31



4. Check of the connection (unitycheck)

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 CONNECTION (1) ™

AV
Name Conn
Node
Typeof loads Load cases
Load cases LC1
Frametype braced
Connection geometry

w SIDE ->{B3]
Connection type  Frame bolted

End-plate @~
Backing plate CD

Tophaunch ()

Bottom haunch ()
Bolts @~ =
Top stifferer (O )
Bottom stiffener (O )
Diagonal stiffener (O )
Web doubler (O )
Update stiffness
Calculg &
Length for stifinesSTI.. “UU

w STIFFENERS
Between bolt-rows 12 Oﬁj

Between bolt-rows 23
Between bolt-rows 34 ( )
ACTIONS

@ Refresh

@ 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].

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:

identification of the active components in the joint being considered
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

MV — 2021/05/31 13
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14

Three steps

First step:

Definition of the
components

Column web in
shear compression

Column web in
tension

Column web in

e

—

JE— -+

Second step:

Response of
the components

Stiffness coefficient ki of each component

Resistance Frq of Each component

Third Step:

Assembling of
the components

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

Resistance of the joint Mgy = min (Fra;) - h

MV — 2021/05/31



In the following tables all different components are shown:

Component
Yoo
_ _ Beam or column
Column web panel ; Lk
1 i <hear 7 | flange and web
in compression
. Fegd .
~—Ved — [ — ]
Column web . ¢ . .
2 | In transverse 8 Beam W eb Fiea -
compression HERasIon
—_— . by
A
A
Fiea F F
- 4> tEd , tEd
Column web . Plate - © B
3 |1in transverse 9 | 1ntension or
tension compression
_’ <—
',( Fc,Ed l:t-..Ed
A
<= ] = FtEd
Col fl =
) olumn flange Bolt
z |f _ olts < (T —
in bending 10 in tension Fieq
A
5 End-plate 1 Bolts @mmmm‘hw
in bending in shear A
Fv.Ed
E
. Bolts T i
- i tEd in bearing
6 ma;ffdi eo at 12 | (on beam flange. Q
g column flange,
T —» end-plate or cleat) l Fbed

MV — 2021/05/31 15
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13

Concrete
111 compression
including grout

14

Base plate
1in bending under
compression

Base plate in
bending under
tension

16

Anchor bolts
in tension

17

Anchor bolts
in shear

18

Anchor bolts
1in bearing

19

Welds

Haunched beam

16

Tension a bolts in tension

b end plate bending

c column flange bending

d beam web tension

e column web tension

[f] flange to end plate weld

[g] | web to end plate weld
Horizontal h column web panel shear
shear
Compression j beam flange compression

[K] | beam flange weld

I, m | column web in compression
Vertical shear [n] | web to end plate weld

p bolt shear

q bolt bearing

MV — 2021/05/31



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 - HE140B 5 235 2,000 |N1 N2 column (100)
B2 CS1 - HE140B 5 235 2,000 |N2 M3 column (100)
B3 €S2 - IPE220 5 235 2,000 N2 Mt beam (80)

Parts of connection:

Bolts

MName

Internal bolts
distance [mm]
Length [mm]

Side [B3]

Bolt pattern
80,00 |External bolts

distance [mm]
50,00 |Reference

2 bolts/row

Bottom of the beam

1.Location [mm)] 250,00 (2.Location [mm] 180,00

3.Location [mm)] 4.Location [mm] 40,00

End-plate

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
Bottom extension 15,00

[mm]

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

Connection analysis: Side [B3]

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

Partial safety factors
Gamma M0 1.00
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.

MV — 2021/05/31



Advanced Training — Steel Connections

And afterwards the internal forces are shown for the chosen load case or combination:

1. Internal forces

NEd 0.00 kI
vz,ed [10.00  [kn
My,Ed [-10.00 [kNm
Vy,Ed  |0.00 kN
Mz,Ed [0.00 kNm

Tension top
Mote: MEd <= 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:

v _ 0,91y wAy
wpRd = T
Ymo

Shear area of the column:
Ape =A—=2-b-ty + (t, +2r) tf

A, =4300—-2-140-124+(7+2-12)-12 =1312 mm?

v _09f,wA, 09-235-1312
wpkd \/§YMO - V3-1
In SCIA Engineer:

1072 = 160,21 kN

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 Artide 6.2.6.1

Beta 1.00
Avc 1312.00 | mm?
VwpRd [160.21 kM

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'kwc'beff,c,wc'twc'fy,wc (H'kwc'P'beff,c,wc'twc'fy,wc
(69) Fc,wc,Rd - YMo bUt Fc,wc,Rd < VM1

(6.11):  bess = try + 2vV2a, + 5(tc +5) + 5,
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s, =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.

besr = 9,2 +2v2 5+ 5(12 + 12) + 19,93 = 163,27mm

Table5.4: =1=>Table 6.3: ®=w1

1 1
Ww=w; = — = . = 0,71
~—Wwc . 2
\/1+1,3(b3ff,c_wc Ayc) \/1+1,3(163,27—1312)
kwc =1
W Rwebeffewetwefywe  0,71-1-163,27-7-2351073
Fc,wc,Rd = effewe 2 = =190, 56 kN

YMo 1
In SCIA Engineer:

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

beff,cowc  |163.27  |mm
twic .00 mim
wl 0.71

w2 0.45

w 0.71

dwc 92.00 mm
Ap,rel 0.55

D 1.00

ke 1.00

Fo,we,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:

M Wpifyb
6.21): F =_cRd - P
( ) ¢fb.Rd (h—trp)  Ymo(h—trp)

M _ Wprfyp _ 28510°mm®235:10 3kN/mm?
c,Rd Yo 1

h —tg, =220 —9,2 = 210,80 mm

= 66975 kNmm = 66,98 kNm

McRd _ 66975 kNmm
(h—tgpy 210,80 mm

FC,fb,Rd = = 317, 72 kN

In SCIA Engineer:

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

Section class |1

Mc,Rd 66.97 kNm
hb-tfb 210,80 |mm
Fc,fb,Rd 317.72  |kN

MV — 2021/05/31

19



Advanced Training — Steel Connections

45. 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:

1. complete flange yielding

Q.

G*HFTH ;
' Mo ny
Fromg 24— Nppd

G*HFT.H 7M
/ A

/

W//
—
NES—

-

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

4Mp11,Rd

Frira = with:  Myi1pa = 0,25 % Lerratf fy/Ymo

2. bolt failure with flange yielding

: )
i E‘/m 7

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

2Mp12 RatNY FtRd
m+n

Frara = with:  My0ra = 0,25 % Lesr2tf fy /Yo
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3. bolt failure

§ § || nEEB,,
] ] —
’ . Froaw— Waa
(] .
' ' — Y T
| | _—
May = My

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

FT,3,Rd = Z Ft,Rd

And the minimum of Fr 1 rd, Fr2,rd and Fr3rdis the limiting tension strength value for the bolt row or bolt
group:

Ftrd = min (Frird; Fr2Rrd; FT.3Rd)

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:
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Circular pattern

Bolt row

Inner bolt row

Non-circular pattern

Inner bolt row

Circular pattern

Bolt row Bolt group

Inner bolt row

‘I. ||I_1_| e
: aE ailit
1. o | U
goles 7P AEInt
P |
- - ] lcﬂ,- 'G*_\J
) B— | — —
End bolt row End bolt row End bolt row

:i@jki

!

Non-circular pattern

Inner bolt row

Bolt group

End bolt row

T

LT
[
iTi|

4]

7
o

A

-
[
— e

7

H'\- L
!

it
|l
|
b |0

|

e

7y

Remark: The formulas given for the calculation of Frrd 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; gy of a T-stub flange

Prying forces may develop. ie. Ly <Ly

No prying forces

Mode 1 Method 1 Method 2 (altemative method)
without aM (8n—2e, )M, o
b 1{_1.].1 F ;= ﬁ F 1Rd = W il .
T;tes ol m BT n — e (m+n)
a 2M
1 Friopa= B
E;ffm Frvoae Monns + Mz | g (81220, )M pyay + 47 My, m
plates ¢ - m 2mn—e, (m+mn)
2M 5 pq + NLF,
Mode 2 Frygs= p-.-.::‘ - tRd
Mode 3 Friza=XF, 4,

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

FT,1—2,Rd =

22

m

2Mp1 2 Ra
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45.2. Bolts info

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

0,9:f,,"As  0,9-800 MPa-157 mm?
Fipa = =
i Ym 1,25

=90432 N = 90,43 kN

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

(.d
fub 800.00 [N/mm?2
As 157.00 |mm2
k2 0.90
Ft,Rd 90.43 kM
Lb 38.80 mm

Mote: 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).
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:

0B8r || m e e =30mm
rl: "2 B i
2
l . -1-8 (Fi
e (see also EN1993-1-8 (Figure 6.8))
' m = (140-7)/2-0,8-12—-30
(B
S M =26,9mm
19 269 30
] emin = 30 mm
n = €min
<125-m=125-269 = 33,6mm
(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) e 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]).
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In this case the column flange is unstiffened. In the table below the difference is shown:

Unstiffened column flange

Stiffened column flange

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 | mdividually part of a group of bolt-rows
[Location |Circular patterns  [Non-circular patterns | Carcular patterns Non-circular patterns
Eeﬂ'.m EEEIIJ.’. Eeff.cn ‘Eeﬂ'.n:
Inner
7 — ¥ »
lboli-row = 4m + 1,25 & P
End The smaller of: The smaller of: The smaller of: The smaller of:
boli-row 2am 4m+ 1252 mm+p 2m+ 0,625+ 0,5p
ot-Tow am + 2g 2m+ 0,625+ g Je +p e+ 0,5p
Mode 1: Lz1 = legne bt Lmy = Lieg Phemr = Plegae but Yl = Ylag
Mode 2: Ee&'.z = Eeff.m: ZEEffE = E-‘Eeﬂ'_n:

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
) ) 0,5p +am
Bolt-row adjacent to stiffener 2mm am nm+p
-(2m +0,625¢e)
Other inner bolt-row 2mm 4m+1,25e 2p p
2mm 4m + 1,25e nmm+ 2m +0,625e +0,5
Other end bolt-row at end of column P P
m + 2el 2m+0,625e + el 2el+p e1+0,5p
2mm am
End bolt-row adjacent to stiffener el+am -
mm + 2el
-(2m +0,625e)
Other end bolt-row 2mm 4m +1,25e mm+p 2m +0,625e +0,5p
Bolt-row between stiffeners 2mm o + a'm - (4m +1,25e) -

24
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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
Other inner bolt-row - if the bolt-row lies between other bolt-rows

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

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 ki)

row m2U m2L [fimit near stiff. U near stbff. L

1 - - - - Other end bolt-row at end of column
2 - - - - - Other inner bolt-row
3 - - - - - Other end bolt-row at end of column

MV — 2021/05/31
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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

left circular patterns: the smaller of:
2nm = 2*3.14*26,9 = 169,02

m + e1 = 3.14*26,9 + 1860 = 1944,51

let 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

lest circular patterns: 2nm = 2*3.14*26,9 = 169,02

lett NnON-circular patterns: 4m + 1,25e = 4*26,9 + 1,25*30 = 145,10

Row 3
lef circular patterns: the smaller of:
2nm = 2*3.14*26,9 = 169,02

m + e1 = 3.14*26,9 + 1930 = 2014,51

lett NnON-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 lerr circular leff nON-circular
patterns 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: Cory = Lpwee but Loy = [;ﬁq
I!'-Ind: 2: lowr = Lene
26
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So this results in:

Mode 1 : lefr1 = letne but lesrs < letr,cp => lerr1 = 145.10
Mode 2 : |eff,2 = Ieff,nc => |eff,2 = 145.10

Now we can calculate Mpi,1,ra and Mpi2,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
Myi1ra = Mpi2pa = 0'252 leprtsfy/Ymo = 1 =1227,5kNm

To decide which formula we are using for the calculation of Fr,1,rd and Fr.2,ra 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 = tf + tp + twasher + (Nbolt_head + hnut)/2
=12+ 12+ 33 + (10 + 13)/2
= 38,8mm

Prying forces may develop if Lb < Lo*
A is the tensile stress area of the bolt As

« _ 88mPAg _8,8(26,9)*157
T b ™ 145,10-(12)

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

(with nb = number of bolt rows)

=2 L, <L
= 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 r4 , this can be changed in the connections
setup > structural joints : ‘Use alternative method for Ft,1,Rd’

(8n—2ey)Mpi1Rd _  (8:30—2'6,75)1227,5

Frara = Imn—ew(min)  2:26930—6.75(269+30) 2255 kN
Mode 2:
2M +nYF 2-1227,5+30-2:90,43
__ 2Mpi2Rd tRd __ , 43
Fraora = —— 26,9430 138,5 kN
Mode 3:

FT,3,Rd = ZFt,Rd =2- 90,43 = 180,9 kN
= Frg.ra = 138,5 kN(smalles of the three modes)
All those results are shown in SCIA Engineer:
Mote: The Alternative method for FT,1,Rd according to EM 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,2,Rd FT.3,Rd FtfcRd,i
1 145.10 145.10 107.26 Y 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 Lb 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

Rad da

fub 800.00 |N/mm?

As 157.00  |mm?

k2 0.90 -

Ft Rd a0 43 kT

Lb 38.80 mm
4.5.3.3. Column web in tension for the individual bolt rows
The design resistance of an unstiffened column web subject to transverse tension should be determined
from:

_ Wberrtwctwefywe . .
Frwerd = R e— (see also EN 1993-1-8 : 2005; formula (6.15) — Ref.[1])
Mo

With: beff,t,wc = leff = 145,10

And o, 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 f§ Reduction factor w
0 < I < 0.5 @ = 1
0.5 = g < 1 @ = w1+ 2(1=H(1 —wy)
B = 1 @ = o
1 < I < 2 @ = @+ (f— 1) (w1~ o)
B = 2 @ = %
1 1
1= — = 2= — S
\‘.'] + ].J(bgﬁ.:(__wc t 1A, \.'1 + 21.2(Z)gﬁ,:c:W t.lA4,)
Ae 1s  the shear area of the column. see 6.2.6.1:
i 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 £
MI)1,Ed
My1,E4 \
? | '/' My Ea p=1
Myira = Myoka £=0 %
M M M M
b2,Ed b1.Ed I:;Ed b1,Ed Mires! Mires > 0 P
\ / \ 1 E ’/ Myygs /Mygs < 0 f=2
Mpigs + Myrgsa = 0 ﬁ = 2
#) In this case the value of f is the exact value rather than an approximation.

28
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In this example:

p=1

® =0

1

\/1 + 1:3(beff,c,wctwc/Avc)2

W = W =

AVCZA_ZIbC.th-{-(tWC+2rC).th

Ape = 4296 —2-140-12 + (7 +2-12) - 12 = 1308 mm?

1 1

T \/1+1 3(b twe/Avc)? = J1+13(145,107/1308)° =0.75
g eff.cwctwe/Ave
Wbefftwetwefywe  0,75145,10:7-235-1073
= FT,WC,Rd = L ty P = 1
Mo
= FT,WC,Rd = 179 kN
In SCIA Engineer:
row befftwc twc wl w2 o Ft,wc,Rd,i
1 145.10 7.00 0.73 0.49 0.73 178.95
2 145.10 7.00 0.73 0.49 0.73 178.95
3 145.10 7.00 0.73 0.49 0.73 178.95
4.5.3.4. Ft,fc,Rd of bolt rows considered as part of a group
ROW 1

Left circular begin bolt-row = 7m + pend = 3,14 * 26,9 + 70 = 154,51

Left non circular begin bolt-row = 2m + 0,625e + 0,5p = 2*26,9 + 0,625 * 30 + 0,5 * 70 = 107,55
ROW 2

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

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

Lett circular end bolt-row = 7m + pend = 3,14 * 26,9 + 70 = 154,51

Left non circular end bolt-row = 2m + 0,625e + 0,5p = 2*26,9 + 0,625 * 30 + 0,5 * 70 = 107,55
ROW 3

Left circular end bolt-row = tm + pend = 3,14 * 26,9 + 140 = 224,51

Left non circular end bolt-row = 2m + 0,625e + 0,5p = 2*26,9 + 0,625 * 30 + 0,5 * 140 = 142,55

Summary:

Row

leff circular

inner bolt-row

leff non circular

inner bolt-row

letf circular

end bolt-row

leff non circular

end bolt-row

letf circular

begin bolt-row

leff non circular

begin bolt-row

1 - - - - 154,51 107,55
2 210.00 105.00 154.51 107,55 224,51 142,55
3 - - 224,51 142,55 - -
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In SCIA Engineer;

1 - - - - 154.51 107.55
2 210.00 105.00 154.51 107.55 224.51 142.55
3 - - 224.51 142.55 - -

Mode 1: ¥ lefr1 = Xlefrmc DUt Xlepps < Xleprep
Mode 2 : Y lerro = X lefrne
Row 1-1 : not considered, same as the individual bolt row.
Row 1-2:
Y lesrep = 154.10 4 154.50 = 309.02
Y loffne = 107.55 + 107.55 = 215.10
Mode 1 = Mode 2 : lg = 215.10

5 0,25-215,1-122-235-1073
Mpl,l,Rd = Mpl,Z,Rd = 0,25 z lefftffy/yMO = 1 == 1819,8 kNm
Prying forces may develop if Lb < Lo*
Lb =38,8mm
« _ 88mMPAg _ 88(269)%157 , _
b — lesrt? b = "21510-(12)? 2 =145mm
(with np = number of bolt rows)
= Prying forces may develop
) __ (8n-2ey)Mp;1rd _  (8:30-2:6,75)-1819,8
Mode 1: Frpa = 2mn—ey(m+n)  2-26.9-30-6.75(26.9+30) 335,13 kN
. __ 2Mpia2Ra+N L FtRd _ 2:1819,8+30:4:90,43
Mode 2: Fr,pg = p—— = 269130 = 254,7 kN
MOde 3: FT,S,Rd = ZFt,Rd =4- 90,43 = 361,7 kN
= FT,Rd = 254, 7 kN
Row 1-3:
» lefep = 15451+ 210.00 + 224.51 = 589.02
» leffne = 107.55 +105.00 + 142.55 = 355.10
Mode 1 = Mode 2 : les = 355.10
5 0,25-355,1-122-235-1073
Mpl,l,Rd = Mpl,Z,Rd = 0,25 Z lefftffy/yMO = 1 = 3004,1 kNm

Prying forces may develop if Lo < Lo*
Lo =38,8mm

« _ 88mMPAg

_8,8(26,9)*157
y 2o Led7) o,

b ™ "35510-(12)°

= = 3=131mm

(with np = number of bolt rows)
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= L, <L
= Prying forces may develop

MOde 1 FT,l,Rd =

Mode 2: Fr,pq =

(Bn_zew)Mpl,l,Rd _

(8:30-2+6,75):3004,1

2mn—e,(m+n)  2-26.9-30—6.75-(26.9+30)

__ 2Mpi2RdtN Y FrRd __ 2:3004,1+306:90,43

m+n

26,9+30

MOde 3. FT,3,Rd = Z Ft,Rd =6 90,43 = 54’2,6 kN

= Frra =391,7kN

Row 2-3:

Y losrep = 22451 + 22451 = 449.02

Y lofne = 142,55 + 142.55 = 285.10

Mode 1 = Mode 2 : | = 285.10

= 553,2 kN

= 391,7kN

0,25-285.1-12%-235-1073

Mpl.l,Rd = Mpl,Z,Rd = 0'25 z lefftjgfy/)/Mo = 1 = 2411,9 kNm
Prying forces may develop if Lb < Lo*
Lo =38,8mm
v _ 88MAs 88 (26,9)3-157_ _
b7 Siepper TP T 285101203 2 =1092mm
(with np = number of bolt rows)
2 L, <L
= Prying forces may develop
. __ (8n—2ey)Mpi1rd _  (8:30-2'6,75)-2411,9
Mode 1: Fr,1 ra = 2mn-ey,(m+n)  2:26.9-30—6.75:(26.9+30) 444,2 kN
Mode 2: Fy , gy = 2Mpi2Ra+tnEFrRd _ 2:2411.9+30:6:90,43 _ 2755 kN
e m+n 26,9+30
Mode 3: Fr3pq = X Frpg = 490,43 = 361,72 kN
= FT,Rd = 275,5 kN
In SCIA Engineer:
For group of bolt-rows:
group leff,1 left,2 Lb* Prying forces FI,1,Rd FT,2,Rd FT.3,Rd Ft.fc.Rd,g
1- 2 215.10 215.10 144.71 v 334.34 254.68 361.73 254.68
1- 3 355.10 355.10 131.48 v 351.95 391.67 342.59 391.67
2- 3 285.10 285.10 109.18 v 443.14 275.50 361.73 275.50
4.5.3.5. Column web in tension for bolt rows considered as part of a group
Row 1-2:
W= W = L L =0,61

= FT,WC,Rd -

“)beff,t,wctwcfy,wc _

\/1+1-3(beff cwetwe/Ave)? J1+1,3(215,107/1312)?

0,61-215,10-7-235-10~3

= Frycra = 214,86 kN
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Row 1-3:
W= w = - = - _=0,42
J1+1'3(beff,c,wctwc/Avc)z J1+1,3(355,10-7/1312)
Wbefftwetwefywe _ 0,42-355,10:7-235-1073
= FT,wc,Rd = L tYMo P = 1
=  Frwcra = 245,40 kKN
Row 2-3:
© = w = = = - -=0,50
\I1+1r3(beff,c,wctwc/Avc)z J1+1,3(285,17/1312)
Wbefftwetwefywe  0,50-285,10:7-235-1073
= Fruwcra = —2 tyMO YWe — -
= Frwcra = 234,26 kKN
In SCIA Engineer:
group befftwc wl w2 (] Ft,wc,Rd,g
1- 2 215.10 0.61 0.36 0.61 214.86
1- 3 355.10 0.42 0.23 0.42 245.40
2- 3 285.10 0.50 0.28 0.30 234.26

4.5.4. End plate

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:

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

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

ex = hendplate - hrow1 — diStanCGEndplatefunder— IPE220_under
ex=305-250-15=40

fyd Weld size
<240 N/mm? az05ty
awz 0.5 typ
> 240 N/mm? az0.7ty
awz 0.7 tws

af = 0,5 . tfb = 0,5 " 9,2 = 4‘,6 => af = 5 mm
m, = Top—e,—0,8-a-V2 (see also EN1993-1-8 (Figure 6.10))
m, = (305—220—15)—40—0,8-5-v2=24,34

{J,Bacvr:? m e

ag

[ N ]

A,

)

n = e,y =40mm
<1,25-m=1,25-24,34 = 30,42mm

n=30,42mm

w =80 mm

Row 2 and Row 3

Using Figure 6.11 of the EN 1993-1-8

8 7 6 5 a5
14 2r 5.5 4,75 445

1.3

1,2

1.0

0,9

0.8

\ AL
\ \
AN NN
\
A

0.2

4,45

4,75
I iy SN
—==|2n

0,1

0 0.1 o2 03 04 05 08 07 08 09

‘e al e=30mm
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fyd Weld size
< 240 N/mm? az205t
awz 0.5 tws
> 240 N/mm? az0.7ty
awz 0.7 tun

a, = 05-t,, = 0,5-59=3,0

bendplate—t
mz%&m_e_ojg.a.ﬁ

_ 140-59

—30—-0,8-3-v2 =33,66 mm

n = e,y =30mm
<1,25-m=1,25-33,66 =42,01lmm

n=30mm

(see also EN1993-1-8 (Figure 6.10))

= .
= o
(@]
e
= Iy}
v g %
o %
0.6
150 15,0 140.0
mzyrowz = ex - tf - 0,8 " af * \/E
My rowz = (35 +2) =92 — 0,852 = 24,74 mm
My rows = hyows — tr — 0,8- Qr * ‘/E
M rows = 35 +2) —9,2 — 0,852 = 24,74mm
1 = m 33,66 — 053
"7 m+e 3366+30
_ _ M2 row2 _ 24,74 _
AZ,rowZ - AZ,rowS - m4e - 33,66 + 30 - 0,39
= Alpha = 5,77 (Figure 6.6; EN 1993-1-8)
Row p (p1 + p2) e m n Lambda_1 Lamba_2 alpha
1 00+350 | 40(=ey 24,34 30,42 - - -
2 35.0 + 70.0 30 33,66 30 0,53 0,39 5,99
3 70.0 + 0.0 30 33,66 30 0,53 0,39 5,99

In SCIA Engineer:

1 0.00+0.00 30.00 40.00 24.34 30.43
2 0.00+70.00 30.00 33.66 30.00 0.53 0.39 5.77
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

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

[eﬁ’.cp [!ﬁin: [!ﬁ’.cp lJﬂttETﬂﬁ {eﬁtu.c

) ) Smallest of:
Bolt-row outside E-;na]le.st of 4, + 1258,
tension flange i eF2mAH0.623e, — —

T, T W -
of beam . 2 0,55,

T o€ 0.5w+2m,+0.625e,
lljzrli::?‘:i;:‘i)c:z 2mm am mm+p 0.5p + om
flange of beam —(2m +0.623&)
Other inner .
bolt-row 2mm dm+125e 2p r
Other end

) "

bolt-row 2mm dm+125e mm+p 2m+0.625e+0 5p
Mode 1: [eﬁ'__l = [eﬁ'__nc but [eﬂ'_l = [eﬂ'_cp E[eﬁil = E{eﬂ’_m: but E{eﬁ'__l = E[EE_CP
MDd—E 2: [eﬁ__g = [eﬁ_m-_ E[eﬂ;g = E{eﬁ.nc
o should be obtamed 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 partof a
Bolt-row classification individually group of bolt-rows
circular non-circular circular non-circular
2rmx 4mx +1,25ex
) imx +w e +2mx + 0,625ex
Bolt-row outside of beam - -
nimx + 2ex 0,5bp
- 0,5w + 2mx + 0,625ex
2 0,5p +am
Bolt-row adjacent to beam flange 2nm am m +p
- (2m +0,625e)
Other inner bolt-row 2nm 4m +1,25e 2p p
Other end bolt-row 2rtm 4m +1,25e nm+p 2m +0,625e +0,5p
2rm am
Bolt-row at the end of stiffened
: . am - (2m +0,625¢e) +
extension adjacent to beam flange im + 2ex
ex
Bolt-row at the end of stiffened 2rtm 4m +1,25e 2ex+p ex+0,5p
extension away from beam flange im + 2ex 2m +0,625e + ex nm +p 2m +0,625e +0,5p
Bolt-row between flanges 2mm  pm +a'm - (4m +1,25e) -

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

Bolt-row outside of beam - if the bolt-row lies outside of the connected beam on an ustiffened 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

Other inner 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
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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 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 kM)

- . Bolt-row outside of beam

1 - - - -

2 23.14 - 104.88 o - Bolt-row adjacent to beam flange

3 - 25.14 104.38 - W Bolt-row adjacent to beam flange
45.4.2. Bolt rows considered individually

Row 1 - Bolt-row outside of beam:

lef circular patterns = smallest of:

2nmx = 2*3,14*24,34 = 152,93
nmx +w = 3,14*24,34 + 80 = 156,47

nmx +2e = 3,14*24,34 + 2*40 = 156,47

lest NON circular patterns = smallest of:

4mx +1,25 ex= 4*24,34 +1,25 * 40 = 147,36

e + 2mx + 0,625ex = 30 + 2*24,34 + 0,625*40 =103,68

0,5 bp=0,5 * 140 = 70

0,5w+ 2mx + 0,625 ex = 0,5 *80 + 2*24,34 + 0,625*40 = 113,68

Row 2 - Bolt-row adjacent to beam flange:

left circular patterns = 2mm = 2*3.14*33,66 = 211,49

letft 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
left nON circular patterns: am = 5,77 * 33,66 = 194.22

Row lefs circular patterns lest NnON-circular patterns
1 152,93 70,00
2 211,49 194.22
3 211,49 194.22
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In SCIA Engineer:

1 152.95 J0.00
2 211.47 194,10
3 211.47 194.10

And now from the bottom of Table 6.6:

M’l}dt 1: (“[_] = {!u I:n'.tt [“[_] = [!g_ﬂ

Mode 2: Corr = lomrne

So this results in:

Bolt-row 1:
Mode 1 : leff1 = leftnc bUt lefrs < lettcp = lesr, = 70.00
Mode 2 : Ieff'2 = Ieff,nc => |eff,2 =70.00

Bolt-row 2 : Bolt-row 3:

Mode 1 : lefr1 = letne but lesrs < letr,cp => ler1 = 194.10
Mode 2 : Ieff‘z = Ieff,nc => |eff,2 =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:

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

For individual bolt-row:

row leff,1 leff,2 Lb* Prying forces FI,1,Rd FT,2Rd FT,3,Rd FtepRd,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,twb Ftwb,Rd,i
1 - -
2 194.10 260.11
3 194.10 260.11

4.5.4.3. 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.
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So Row 1 and Row 2 are separate.
The only group is thus Row 2-3 and leff is calculated again using Table 6.6 of the EN 1993-1-8 (Ref.[1]).
Row 2:

Left circular begin bolt-row = mm + p = 3,14 * 33,66 + 140 = 245,73
Leff noON 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 = nm + 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 let circular lett nON circular let circular lett nON circular let circular lett 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:

row leff.cp,g,inner leff, nc,g,inner leff,cp,g.end leff nc,g,end leff, cp,g,start
l - - - - - -
2 - - - - 243.73 178.03
3 - - 245.73 178.03 - -

Mode 1: ¥ lerr1 = Xleprnc DUt Xlesrs < Xlerrep
Mode 2: Y lorra = X lefrne
Row 2-3:

Y losrep = 245,73 + 245,73 = 491,46

Y leffne = 178,15 + 178,15 = 356,29

Mode 1 = Mode 2 : | = 356,29
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In SCIA Engineer:

group |leff.cp,g |leff.nc.g
2- 3 491.47 356.07
5 0,25-356,29 - 122-235-1073
Mpl,l,Rd = Mpl,Z,Rd = 0,252 lefftffy/yMO = 1 = 3014,27 kNm
Prying forces may develop if Lb < Lp*
Lo =38,8mm
« _88m*4As _ 88(3366)3%157  _
Ly, = Slersd T 336200127 2=171,16 mm
(with np = number of bolt rows)
= L, <Lj
= Prying forces may develop
Mode 1: Fy gy = (8n—2ey)Mpi1Rd _ _ (8:30-26,75)301427 429 42 kN
» 2mn—ey, (m+n) 2:33.66:30-6.75+(33.66+30)
Mode 2: Fyppq = 2Mpi2,Ra+N Y Ft,Rd _ 2:3014,27+30-4-90,43 _ 265,16 kN
e m+n 33,66+30
Mode 3:Fr3pq = 2 Frpg = 490,43 = 361,7 kN
o Frpq=26512kN
In SCIA Engineer:

Prying forces FI,1,Rd FI,2Rd FI,3,Rd FtepRdg

2- 3 356.07 | 356.07 | 171.21 v 428.37 265.12 361.73 265.12
45.4.4, Beam web in tension for bolt rows considered as part of a group
Row 2-3:

_ begrtwbtwbfywb -3
D Fruppe = A = 356,29 15,9 - 235 - 1071
Mo
= FT,WC,Rd b 493, 9kN
In SCIA Engineer:
group beff,twb FtwbRdg
2- 3 356.07 4083.69
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45.5. 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  FtfcRdi  FtfcRdg  FtwcRdi  FLwcRd,g  FtepRdi  Fiep, FtwbRd,i  FtwbRd,g  FtrRd
1 138.51 - 178.95 - 122.10 - - - 122.10
2 138.51 132.58 178.95 92.75 136.83 - 269.11 - 92.75
3 138.51 176.82 178.95 30.54 136.83 172.37 209.11 400.94 30.54

2 FLRd = 245.40 kN

The minimum value of all those calculated value is the limited value for the tension resistance of one bolt
row:

Row 1: 122,10 kN (End plate failure)
Row 2: 92,75 kN (Column flange failure)
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 MRd

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

Mj,Rd = Er hrFtr,Rd

Ft,min for each boltrow:

(EN 1993-1-8; §6.2.7.2 — Ref.[1])

Row 1: 122,10 kN (End plate failure)
Row 2: 92,75 kN (Column flange failure)
Row 3: 30,54 kN (Column flange failure)

Following 86.2.7.2 (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 86.2.7.2 (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 EM 1993-1-8 Article 6.2.7.2 (7)

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

Limiting resistance = 160.21 kN

This limit and the triangular limit (see further) are shown on the next page.

40 MV — 2021/05/31



Ftxrda =1.9FtRq
Fird1
Fird2

— I
Ftrd3

_..
FerdZXFiRa;

(a) Plastic distribution

Because Ferg and Vg rd 2 Fira, therefore the

effective tension resistance (Frr4) is equal to the

potential design resistance (Fqrq;)

Ftxra = 1.9FtRd

L]

For th

_..
FeRrdZ2EFtRd|

(c) Triangular limit

Because Fy gy > 1,9 Fipg the effective tension

resistance has to be reduced:

h
Fyra = FxRd —
hx
e first boltrow Ftrd,1 = 122,10 kN.

FtX:Rd <19 Fth
Firrd 1= F tRa1
Fir ra2=F traz2

—H- I

Frra3<Firaa

—

Ferd <ZF:Rdj
Fera=2F trRa

(b) Modified plastic distribution

+ Because Firs andior Vep.rd < Furad,i therefore the
effective tension resistances (Fr.rq) have to be
reduced starting from the closest bolt to the
compression centre:

Fiera > 19 FiRra
Fira, 17 F rRa.1

Ftr,REZ
N T R
—H— e
r"f'
,/’
.llfl
rl";
_ M- /
—H- /
K
) Ferd<ZFiRa;

Ferd=LFyRaj

(d) Triangular limit

+ Because F, gy = 1,9 R gy the effective tension
resistance has to be reduced:

h

— T
Fiyra = FxRra 7

h:-:.

+ Because Frrs and/or Vapro < Frra the effective
tension resistances (Fr.ra) have to be reduced,
starting from the closest bolt to the compression
centre

The maximum value for bolt row 2 is: Ftrda2 = Limiting resistance - Frra1 = 160,21 — 122,10 = 38,11kN.

And row 3 will not take any resistance because Ftrd1+ Ftra2 = Limiting resistance = 160,21 kN

MV —
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This principle is shown on the next page.

= Row 1: 122,10 kN (End plate failure)
= 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 FtrRd Decrease  Ftr,Rd
1 122.10 0.00 122.10
2 02.75 24.63 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 Ftrd has to be checked also:
1,9 Ftra = 1,9 * 90,43 kN =171,82 kN
The formula Fyyrq < 1,9F, zq4 is fulfilled for all the rows.
So also no reduction in SCIA Engineer for the triangular limit:
2.2.3. Triangular fimit

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  Ft.r,Rd
1 122.10 X - 122.10
2 38.10 X - 38.10
3 0.00 X - 0.00

So Mijrd can be calculated with the following values:

hrow1 = 250 — 9,2/2 =245.4 mm
hrow2 = 180 — 9,2/2 =175.4 mm
hrows = 40 — 9,2/2 = 35,4 mm

|E! Bolts X
Selected bolt assembly M16-8.8 Wi
! Length [mm] 50,00
T Bolt pattern 2 bolts/row v
- Reference Bottom of the beam v

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

1.Row u
2.Row u

3.Row

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

Actions
Update location >>>

|
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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 (=9,2mm/2) of this

distance.
Row | h[mm] Ft [kN]
1 2454 122,10
2 175,4 38,10
3 35,4 0

Mj, ra = 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 24540 | 122.10
2 175.40 38.10
3 35.40 0.00

Mj,y,Rd = 36.65kNm

4.7. Calculation of NRd

The value for Njreis calculated as follows:

If Njeais a tensile force, the Njrais determined by critical value for the following components:
- For bolted connection, as a combination for all bolt rows:

- column web in transverse tension
- column flange in bending
- end plate in bending
- beam web in tension
- bolts in tension
- For welded connection:

- Column web in transverse tension, where the value for t»in 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 Nieais a compressive force, the Nirdis 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< Npira.
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In our example the normal force resistance Nra 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 befftwc wl w2 w Ft,wc,Rd,g
1- 2 215.10 0.61 0.36 0.61
1- 3 355.10 0.42 0.23 0.42 245.40
2- 3 285.10 0.50 0.28 0.50 234.20
= 245,40 kN

Beam Web in tension:

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

beff,t,wb
356.07

Ft,wb,Rd,g
493.69

group
2- 3

= 493,69 kN

Endplate in bending:

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

In this case the limiting value is
o Boltrow 1
o Group of bolt row 2+3

For individual bolt-row:

For group of bolt-rows:
Lb*

FT,2,Rd

FT,3,Rd

1 70.00 70.00 164.77 122.17 122.10 180.86 122.10

2 194.10 194.10 157.04 233.51 136.83 180.86 .

3 194.10 194.10 157.04 233.51 136.83 180.86 136.83
row beff,t,wb Ft,wb,Rd,i

1 - -

2 194.10 269.11

3 194.10 269.11

Fr.en.Rd.a

Prying forces FT,1,Rd
428.37

group leff,1 leff,2

2- 3 356.07 356.07 171.21 v

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 bol-rows:

group leff,1 leff,2 Lb* Prying forces FT,1,Rd FT,2,Rd FT,3,Rd H,fcRd,g
1- 2 215.10 215.10 144.71 J 334.34 254.68 361.73 224,68
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 Fr,rd for one bolt = 90,43 kN
= 6% 90,43 kN = 542,58 kN
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N; rd

= Minimum of all previous values
= 245,40 kN

In SCIA Engineer;

2.4. Determination of Nj,Rd
According to EN 1993-1-8 Article 6.2.7.1 (3)

Column Web in tension (Ft,wc,Rd) 245.40 kN
Beam Web in tension (Ftwb,Rd) 493.69 |kN
Endplate in bending (Ftep,Rd) 387.22  |kN

kN

Column Flange in bending (Ft fc,Rd) |391.67
Nj,Rd = 245.40 kN

4.8. Calculation of VRd
Table 3.4 (En 1993-1-8):

avfubA

Ym2

For classes 4.6, 5.6 and 8.8: av = 0,6

Fv,Rd =

Fu» = 800MPa

A is the tensile stress area of the bolt As

Ay fupAs _ 0,6-800-157-1073

F =
vRd Y2 1,25

= Fyra= 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:
= Vre =(4*0,4/1,4 +2)*60,29kN = 189,48 kN
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In SCIA Engineer:

3. Design shear resistance Vz,Rd

46

Fv,Rd 60.29 |[kN
nb, full 2
nb,reduced 4

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?2
I1 (tension) 0.57

[2 (compression) 0.43

Wz,Rd beam 154.02 kN
Wz,Rd 154.02 |kN

4.9. Weak axis resistances

The calculation of out-of-plane moment Mj,z,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 X |
Standard EN Name Standard EN
Comction 4 Connection
Bolts
Welds/stiffeners P Bolts EN 1993-1-8:3
Structural joints b Welds/stiffeners EN 1993-1-8: 4
Hollow sediion joints 4 Structural joints EN 1993-1-8:5, 6
Expert system
e, 4 General EN1993-1-8:5
Thickness
Transformation of internal forces In axis v
Apply stiffness check es
Neglect weak-axis calculatior
b Equivalent T-stub EN 1993-1-8: 6.2.4
b Base plate EN 1993-1-8: 6.2.5
v Column web EN 1993-1-8: 6,2.6
P Hollow section joints EN 1993-1-8: 7

b Expert system

b Thickness
If the user wants 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
the user is informed about that. It is still possible to calculate shear force resistance Vyrd even if the
conditions are not fulfilled, but only in case design bending moment Mzed 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 Mz rd iS calculated:
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Mz,Ed

Mj,z,Rd

<10

M M.
v,Ed + z,Ed Sl,O

Mj,y.Rd j,z.Rd

And if the design normal force Ned > 0,05*Npira @lso the following check is performed:
My,Ed Mz,Ed NEd

Mjyra  Mjzra  Njra

<10

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
bl
2 4.4
y —r o —
n-14-4
-
a 14

The strong-axis moment resistance Miy,ra 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 M,;zrq Of the joint.

The weak-axis moment resistance Mjzrd Of the joint may be determined by:
M, ra = Frapa *y

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 tht.a centre of
compression y
- - b, + p,
1 Infinite Infinite No %
- - b, +3p,
2 Infinite Infinite Yes -16—p
With:
bo is the width of the beam (in case of non-symmetric beam or splice connection the minimum
is used)
p2 is the horizontal spacing between the two lines of bolts
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Fia,ra is the effective design tension resistance of a bolt-line for the weak-axis moment calculation taken
as:

Fia,rd = Min [Frasic,Rd, Ftaep,Rd, Feb.o,rd, (FtafctRd + Frawbe,Rd)]
With:

Fafcrd IS the design tension resistance for bolt-line a of the column flange in transverse bending
Freprd IS the design tension resistance for bolt-line a of the end-plate in bending

Feora IS the design compression resistance for bolt-line b of the beam flange in compression
Fatctra IS the design tension resistance for bolt-line a of the column flange in twisting

Frawbcrd IS the design tension resistance for bolt-line a of the column web in bending

For splice connections only Fiaeprd @nd Fenb,rda COMponent resistances are calculated for each side and
minimum resistance from the four components is taken as Fta,ra.

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.

49.1.1. Column flange in bending

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

In SCIA Engineer:

6. Design moment resistance Mj,z,Rd
6.1. Design resistance of basic components
6.1.1. Column flange in bending

row FtfcRd,i F,fcRd,g Ft,fcRd Fta,fcRd
1 138.51 - 138.51 £9.25
2 138.51 132.58 132.58 66.29
3 138.51 176.82 138.51 £9.25

Fta,fc Rd = 204.79 kN

49.1.2. End plate in bending

The component resistance Fiueprd 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 Fteprd. 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 Fia,ep,rd iS calculated as Fieprd, 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:
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Bolt-row considered

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

Bolt-row outside of beam

mmx + 2ex e+ 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 FI,2,Rd FT,3,Rd Ftep,Rd,i
1 103.69 103.69 111.24 N 180.96 132.51 180.86

1 132.51 - 132.51 66.26

2 136.83 - 136.83 68.41

3 136.83 172.37 136.83 68.41

Fta,ep,Rd = 203.08 kN

4.9.1.3. Beam flange in compression

The design component resistance Feb.h,re May be taken as the design compression resistance of one beam

flange. Final resistance of the component is given as:

2fy, * be pperr * trp

Ft,fb,cp,Rd = Yoo

With:

fy is the yield strength of the beam

tib is the thickness of the beam flange

YMmo is the partial safety factor for resistance of cross-sections

bemert is the effective width of the component given as:
begnerr = 05 % (twe + 21 + Th(tye + tep) ) = 05ty + 7. + 3,5k (b + tep)
But is not greater than:

bp
bc,fb,eff = ?

For splice connections, this value is only calculated as:

bc,fb,eff = %p

Where:

twe is the thickness of the column web

tic is the thickness of the column flange

tep is the thickness of the end plate

re is the rounding r1 of the column

bp is the width of the beam

k is the thickness reduction coefficient given as:
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t
k=£andk£1
te

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:
fre
0,3%b, * t2 (£
f _ c fc(\/g
ta,fct,Rd Y * Yo
With:
bc is the width of the column
trc is the thickness of the column flange
fyc is the yield strength of the column
ymo is the partial safety factor for resistance of cross-sections
y is the 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
v 63.33  |mm
Fta, fct,Rd 12.96  [kN

49.1.5. Column web in bending

For determination of the design resistance of the bolt-line in tension for the column web in bending Fta,wbc,rd
the effective length of the web in bending beftwbc iS proposed to be calculated assuming a maximum spread

of 60° from the other bolts.

0'25 * beff,wbc * tvzvc * fyc

Fta,wbc,Rd = V% Voo
With:
twe is the web thickness of the column web

bettwoe  is the effective length of the web in bending given as:

beff,wbc =p1 + 1,73 xp,

With:

>p1 is the vertical spacing between the first and last bolt-row
p2 is the horizontal spacing between the two bolt-lines

50
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In SCIA Engineer:

6.1.5. Column web in bending

pl 210.00 |mm
p2 80.00 |mm
vy 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 Vyrd the number of bolts n: ,which are also required to resist
tension, and number of bolts nn ,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 Mzeqis present. If the
design bending moment Mz eqis 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 FpRrd

The endplate Fpep,rda and column flange Fncrrd COMponent resistances are re-used. No resistance

recalculation is done for weak-axis.

e The reduction of shear force resistance Vp,Rd of the connected beam:

The shear force resistance Vyrd 0f a 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 Vyrad is calculated:

Vy,Ed

<10
Vy,Rd

Vs Ea N Vy pa

Vira  Vyra

<10

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?
Wy, Rd beam 144.47 | kN
Vy,Rd 144.47 |kN

Mote: 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 NEed in the connected beam exceeds 5% of the design resistance, Npl,Rd,

the following unity check is added :

M_ N._
-
I\/‘[jARd NJ.Rd

Mijrd is the desigh moment resistance of the joint, assuming no axial force

Nj.Rrd is the axial design resistance of the joint, assuming no applied moment

Nieqis the actual normal force in the connection

Miedis the actual bending moment in connection

4.10.2. General unity checks

Assume following internal forces in this connection:
Ned = 0 kN

Vz,Ed =10 kN

My,Ed =10 kNm

Check M: M/Mgrg¢ = 10/36,65 = 0,27 <1
Check N: N/Nra =0/245,40=0<1
Check V: V/VRra = 10/154,02 = 0,06 < 1

In SCIA Engineer:

- RESULTS::...

Unity checks

My, Ed/Mj,v,Rd 0.27
Mz,Ed/Mj,z,Rd 0.00
MNEd/Nj,Rd 0.00
Vz,Ed/Vz,Rd 0.06
Wy, Ed/Vy,Rd 0.00
Vz,Ed/Vz,Rd + Vy,Ed/Vy,Rd 0.06
My, Ed/Mj,v,Rd + Mz,Ed/Mj,z,Rd 10.27

52

=> ok!
=> ok!

=> ok!
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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 ¢ea between the
connected members.

This moment-rotation characteristic defines three main properties:

- the moment resistance Mjrd
- the rotational stiffness S;
- the rotation capacity ¢cd

A M,
fos
uini
Mt | —
jEd 7 H
J '.-’E i
S i 1
¥ i
R | . N
A '
;\S]E i
V! 2
¢Ed q)Xd ¢Cd

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
k1 column web panel in Unstiffened: Stiffened:
shear 0,38 Ay ky =
k2 column W(_eb in Unstiffened: Stiffened:
compression _ 0,7 * besf cavetue k, = o
2 dc
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54

ks Column web in tension | yngtiffened: Stiffened:
_ 0,7- beff,t,wctwc k3 =
ka column flange in
bending (for a single 0,9 losst?,
bolt-row in tension) R
ks End-plate in bending 0,9 lesrty
(for a single bolt-row in ks = e
tension)
ke Flange cleat in 0,9 losrts
bending 6= me
ke Flange cleat in = 0,9 lesrta
bending 6= m3
ke Flange cleat in 0,9 losrts
bending 6= me
k1o Bolts in tension (for a kio = 1,6 As/Ly
single bolt-row)
ki1 (or Ki7) Bolts in shear 16 -1y - d*- fup
kii(or ki7) = F-d
M16
k12 (or kas) Bolts in bearing (for k ) = 24 -ny ky ke d- fup
each component j on 12(07 kig) = E

which the bolts bear)

ki3 Concrete in Ec\[besrlers
compression kis = —ooe 775 E
(including grout) '
k14 Plate in bending under kiy =
compression
kis Base plate in bending With prying forces Without prying forces
under tension (for a 0,85« Losst3 0,425 - Ly pt3
single bolt row in 15=" 3 5= 3
. m m
tension)
k16 Flange cleat in With prying forces Without prying forces
bending kig = 1,6 Ag/L,, kig = 2,0 Ag/L,,
with Avc the shear area of the column
z the lever arm
B the transformation parameter
Dett the effective width of the column web
dc the clear depth of the column web
let the smallest effective length for the bolt
m the distance bolt to beam/column web
As the tensile stress area of the bolt
Lo the elongation length of the bolt
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5.2.2. Calculation of the stiffness in detalil
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 joint with
bolted end-plate connections

MNumber of bolt-rows in
tension

Stiffness coefficients & fo
be taken into account

Cmne foyz g b by Ko
Single-sided o
Two or more ki ks kg
. . Omne Kz ks ks Kes; Ky
Double sided — Moments equal and opposite
Two or more Ka: Feg
. One ks oo bes; By Ko g
Double sided — Moments unequal
Two or more ks b dg

Beam splice with bolted end-plates

MNumber of bolt-rows in
fension

Stiffness coefficients & fo
be taken info accoumnt

Double sided - Moments equal and opposite

Omne

ks [left]: ks [nght]; kg

Two or more

Kog

Base plate connections

Number of bolt-rows in

Stiffness coefficients & to

tension be taken into accoumnt
One ki3; ks kus
Base plate connections Two or more kys; kys and kg for each bolt

ToOWwW

For this connection (Single — sided), ki, k2, 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 twc

Column web in tension: ks

=  befitwe iS the effective width of the column web in tension from 6.2.6.3. For a joint with a single bolt-
row in tension, befttwe Should be taken as equal to the smallest of the effective lengths le given for
this bolt-row in Table 6.4 or Table 6.5.

0 - CD, i CpD,.d,end [, 2N CD ]
— - u - 154.51 107.55
210.00 105.00 154.51 107.55 224.51 142.55
3 - - 224.51 I 142.55 I - 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 = oz =573 mm
0,7-105-7
k3,row2 = oz =559 mm
0,7-142,55-7
k3 rowz = ——5,—— = 7,59 mm
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In SCIA Engineer:
4.1. Design rotational stiffness
According to EN 1993-1-8 Article 6.3

row k3[mm] k4[mm] k5[mm] kl1O[mm] kefflmm]
1 5.73 8.59 7.55 6.47 1.73
2 5.50 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: ks
0,9 Lsrty
ky=—73—
m
= lerris the smallest of the effective lengths given for this bolt-row given in Table 6.4 or Table 6.5.
0 - Cph,{ |2 E i | E - Cp,(,end £ (). 2ndc £ CD ] i
1 - - - - 154.51 107.55
210.00 105.00 154.51 224,51 142.55
3 |- - 224,51 47.55 - -

= leff,t,wc,row1 = 107,55

= leff,t,wc,rowz = 105

= leff,t,wc,rowB = 142,55
k4-,row1 = %ﬁglzg =8,59 mm
k4-,r0w2 = %;3123 =8,39 mm
Kapous = 221255128 _ 11 39 mm

26,93
In SCIA Engineer:

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

«<5[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
0,9 Lsrty
ks = -
m

= lertis 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 AU A2u aU AL A2L al

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 5.77 - -

3 70.00+0.00 30.00 |- 33.66 |- 30.00 0.53 0.39 5.77
row (leff,cp,i [leff,nc,i

1 152.95 70.00

2 211.47 194.10

3 211.47 194.10

row (leff,cp,g,inner [leff,nc,g,inner |leff,cp,g,end |leff,nc,g,end |leff,cp,g,start |leff,ncg,start

- - 245.73 178.03
245.73 178.03 -

= |ef‘f, rows = 70
= |ef‘f, row2 = 178,03
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= leff, rows = 178,03

_ 0970123

k5,row1 - (24,34)3 =7,55mm
0,9-178,09 123 _

k5’r0w2 = W = 7,26 mm
0,9-178,09 -123

ks o3 =—>—5—=7,26 mm

(33,66)3

In SCIA Engineer:

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

row k3[mm] k4[mm] k5[mm] kl10[mm] kefffmm]
1 5.73 8.59 7.55 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
5.2.2.4. Bolts in tension: ko
ki =1 6AS
10 — 4 Lb

= A s the tensile stress area of the bolt As = 157mm?2

= Lp 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 =t + tp + twasher + (Nboit_head + hnut)/2
=12+12+ 3,3+ (10 + 13)/2
= 38,8mm
157

klO = 1,6'5555: 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] kS5[mm] kl10[mm] keff[mm]

1 5.73 8.59 7.55 6.47 1.73

2 5.59 8.39 726 || 647 1.69

3 7.59 11.39 726 || 6.47 1.95
5.2.2.5. Equivalent stiffness

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

kerrr = 1/21-(&) (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, ka, ks and kio.

1
keff,rowlzL 1,1 1 =173

573 8,59+7,55+6,47

1
keff,rowz =1 T — = 1,69
559 839 7,26 647
1
keff,row3 =1 1 — = 1,95
7,59 11,39 7,26 ' 6,47
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In SCIA Engineer:

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

k4lmm] k5[mm] kl10[mm] keff[mm]

1 5.73 8.59 7.55 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

The equivalent lever arm zeq should be determined from:

_ Zr keff,rh$ _ keff,rowlh%owl + keff,row2h12”ow2 + keff,row3h50w3

A = =
e Zr keff,rhr keff,rowlhrowl + keff,rowz hrowZ + keff,row3 hrow3

1,73 (2454)% + 1,69 - (175,4)% + 1,95 - (35,4)?
T 1,73-2454+1,69-1754 + 1,95 35,4

158619,4
%ea = 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
_ 173 24544+ 1,69-1754+1,95-35,4 — 304
ea = 200,79 - Sosmm

And those values are also given in SCIA Engineer:

5] 10.97 MMNm/rad
Sinj 10,97 MMM/ rad
z 200.73 |mm

mu 1.00

ki 2.48 mm

k2 g 70 M

keq 3.94 mm

5.2.2.6. Column web panel in shear: ki1
p = 038 Aue
1 —T

z is the lever arm from Figure 6.15

Following option €) 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 = Zeq = 200,73 mm

B is the transformation parameter from 5.3 (7)

= p=1
0,38-1312
1= = 2,48 mm
1-200,79
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In SCIA Engineer:

5] 10.97 MNm/rad
Si,ini |10.97 MNm/rad

z 200,73 |mm
[l 1.010)

ki 2.48 mm
E 8.70 mm

keg 3.94 M

5.2.2.7. Column web in compression: k2

k. = 0'7 beff,c,wc twc
2 —7
c
2 d=he -2 (ti+rc) =140 -2 (12 + 12) = 92 mm
S besr = trp + 2V2a, + 5(trc +5) + 5,

s, =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.
©  bers =92+ 2V2-5+5(12 + 12) + 19,93 = 163,27mm

0,7-163,3-7
ky =707 = 8,70 mm

In SCIA Engineer:

5j 10.97 MMNm/rad
Sj,ini 110.97 MNm/rad
z 200,73 |mm

mu 1.00
ki 12,48 mm
k2 8.70 mm
keq  3.04 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.
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The program will calculate 3 stiffnesses :

Sj,ini the initial rotational stiffness
Sj the rotational stiffness, related to the actual moment M sq
Sj,MRd the rotational stiffness, related to Mj,Rd

(without the influence of the normal force)

The moment-rotation diagram is based on the values of Sj,ini and Sj,MRd.

Sj,MRd

M
MRd __|
0.66 MRd __|
Sj,ini
I E 7* _ E z*
DY, kil u-(k—11+é+$)

= z=200,73 mm

= uis the stiffness ration Sj ini / Sj
o IfMjea<Mjra =>p=1
o If2/3 Mjrd < Mjed < Mjrd => pu = (1,5 Mjed / Mj, ra) ¥

Mijed = 10 KNm

Mijrd = 36,65 KNm => 2/3 Mjrd = 24,43 KNm
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S = 210000 +(200,79)?

- 1 1

—+107° = 10966 kNm/rad
570 308

In SCIA Engineer;

(dld

1 .9/ m/ra
Sj,ini [10.97 MNm/rad
z 200.73  |mm

mu 1.00
ki 2.48 mm
k2 §.70 mm
keg 3.94 mm

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 Sj,ini and comparing this with classification boundaries given in EN 1993-1-8 (Ref. [1]).

If Sj,ini >= Sj,rigid, the joint is rigid.

If Sj,ini <= Sj,pinned, the joint is classified as pinned.

If Sj,ini<Sj,rigid and Sj,ini>Sj,pinned, the joint is classified as semi-rigid.

For braced frames: L El

Sj, rigid =8—*2
Ly

SJ, pinned = 0.5%

b

For unbraced frames: L El
Sj, rigid = 25L—b

b

Sj, pinned = 0.5%

b

For column base joints:

El
S}, rigid =15—=
), 9 L

c

Sj, pinned = 0.5 IIE_IC

C

with lo the second moment of area of the beam
Lo the span of the beam
le the second moment of area of the column
Lc the storey height of the column
E the Young modulus
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#
”
-

&

#
-
,/’ Semi-rigid
#

&
#

’J
#
/ SJ_m

#

s Pinned

'.l'

s 0

s Boundaries for stiffness
““““ Joint initial stiffness

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 L. But you can change

this value manually:

9

STEEL CONNECTION (1) N

ar;
Name Conn
Node
Typeof loads Load cases
Load cases LC1
Connection geometry
v SIDE ->{B3]
Connection type  Frame bolted
End-plate (@~ =
Backing plate (O )
Top haunch 21
Bottom haunch
Bolts @-
Top stifferer (O )

Bottom stiffener () )

il

Diagonal stiffener (O )
Web doubler (O )
Update stiffness OD
Calculation type  Internal forces
Output  Detailed -
Length for stifiness cl 2,00
w STIFFENERS
Between bolt-rows12 () )
Between bolt-rows23 () )

Between bolt-rows34 (O )

N
. (210000 )+(2,772:107 mm*)
Sjrigia =82 =18 mm? = 23,28 MNm/rad
’ Lp 2000 mm
N 7 4
_ E-lp _ (210000@) «(2,772:107 mm*) _
Sj,pinned = O,SI =0,5 2000 T =1,46 MNm/rad
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In SCIA Engineer:

4.2, Stiffness classification

E 210000.00 N/mm?2
Ib 27720000.00  |mm*

Lb 2000.00 Mmm
frame.tvpe_{braced

5j,rigid 23.28 MNm/rad
5j, pinned 1.46 MNm,/rad

System SEMI RIGID

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

MNm
0.1200
0.1000
LT
0.0800
0.0600
0.0400
0.0200 Ting
Ay oss
_4-’—'_';/_’
_4-—""“/ I f—
0.0000 | Si.pinned
o W o v = W = i = Ll d
2 2 = = = = g s z Z Ta
= =] =] = = = S S S S
o o o = = [ [l [ [=] [=

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,ini 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 Sj,ini (from both directions) divided
by the stiffness modification coefficient n:

M},.ﬂl o El
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bolted beam-to-column

welded beam-to-column

welded plate-to-plate

WlwWw NN

column base
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At the same time, a non-linear function is generated, representing the moment-rotation diagram.

X
You can add this stiffness to the connection by activating the option “Update Stiffness”:

9
STEEL CONNECTION (1) N
” A
Name Conn
Node
Typeof loads Load cases
Load cases LC1
Frametype braced
Connection geometry
w SIDE ->[B3]

Connection type  Frame bolted
End-plate @~ =
Backingplate (O )
Tophaunch (3 )
Bottom haunch ()

solts @~

Top stiffener (O )
Bottom stiffener (O )
Diagonal stiffener Q_—)
Web doubler ()

Calculation type  Internal forces

il

Output Detailed
Length for stifinesscl... 2,00
w STIFFENERS
Between bolt-rows12 () )

Between bolt-rows 23

Between boltrows34 (O )

After recalculating the project, a hinge will be added to this connection with this stiffness S;, inim.
b,

HINGE ON BEAM (1)

Postion  Begin

Conn[N2| =

Rigd
fiy Flesible -
Sl iy [MNm/rad] 5,48
fiz Rigid
¥ WLUSTRATION GROUP
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If you want to take into account the non linear stiffness of the connection, you have to activate the following

functionality in the Project Data menu:

Project data

Basicdata Functionality Actions UnitSet Protection

GENERAL
Property modifiers
Model modifiers
Parametric input
Climatic loads
Mobile loads

Dynamics

Nonlinearity u

Stru

IFC properties

Prestressing

} Bridge design
Excel checks

DETAILED
= :

Beam local nonlinearity u I
Su

Initial imperfections

Geometrical nonlinearity
General plasticity
Cables
Friction support/Soil spring
4 Subsoil
Pad foundation check
4 Steel
Plastic hinge analysis
Fire resistance checks
Steel connections
Scaffolding
7DoF 2nd order analysis for LT

Girders with sinusoidal webs

OK Cancel

And after the calculation, you can select the input hinge and choose here for a non linear 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.

| Maonlinear functions PY “ b
HE-IRBFE «~» B B& B Rotaton V= HINGE ON BEAM (1) v
Node : N2-[B3] Lt";
Position  Begin
ux  Rigid
uy Rigid =
uz Rigid -~
fix  Rigid
Name Node: N2 o N'E:“m' -
Type Retason 2483 h{ [kNm] Stiff - fiy [MNm/rad] 5,48
Positiveen Free v ) I Fun-fly Node: N (B3] VIS
Negative er Free v 16351 T

4 Impulse E 2 w ILLUSTRATION GROUP
1[rad kNr -0,0300/ - = 5 e
2[rad,kNr -0,0100/- ! ] ; Z fi [rad] @
3[rad,kNr -0,0022/- = = = w |
px _\_‘.u’

4 [rad,kNr 0,0000/ 0,
5 [rad,kNr 0,0027/1:
6 [rad,kNr 0,0120/ 2.

7 [rad,kNr 0,0359/2. .
_|-3685

Create new function New  Insert  Edit OK
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5.5. Therequired 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
l.app

lower boundary

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

When Sj,ini >= Sj,low and Sj,ini<=Sj,upper, the actual joint stiffness is conform with the applied Sj,app in the
analysis model.

When a non-linear function is used during the analysis model, we check the following :

When Sj >= Sj,low and Sj<=Sj,upper, the actual joint stiffness is conform with the applied Sj,app 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-T, +Si.app-L, T L, 8-E-I, —Sj.app-L,
. 8-E-1
S ,a = L
. app L, o
Unbraced 24-Sj,app-E-1, Si_app < 24-E-T, 30-Sj,app-E- I,
30-E-I, +Sj.app-L, S-APP= L, 24-E-1, —Sj.app- L,
21.F. o0
b

And for a column base connection:

Lower boundary Upper boundary

16-Sj,app-E- I, . 16-E-1, 20-Sj,app-E- 1,
—— Sjapps —— :
20-E-I_+Sj.app-L,_ . 16-E-I. —Sj.app-L.
. 16-E-1.

S_].app:sT >
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with Ib the second moment of area of the beam

Lb the span of the beam

le the second moment of area of the column
Lc the storey height of the column

E the Young modulus

Sj,app the approximate joint stiffness

Sj,ini the actual initial joint stiffness

Sj,low the lower boundary stiffness

Sj,upper the upper boundary stiffness

Sj the actual joint stiffness

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 the boundary for a rigid connection:

4.3. Stiffness check

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

Si,app infinity | MNm/rad
Si,lower boundary 23.28  |MNm/rad
5j,upper boundary infinity | MNm/rad

5j,ini i5 not inside the boundaries.
The actual joint stiffness does not conform with the joint stiffness of the analysis model.

And also in the graph you can see that Sj,ini is not between the boundaries:

MNm
0.1200
{}I\ﬂf)ﬁ}L . Amar
oL Uppct /QJ,LU er
0.0800
0.0600
0.0400
0.0200 HET
UJ,IJ.II
_o—'—"'fﬂ_'_’
_o—F"'_'_F'_'—F'_’-'_FF
{}_U{}Ug; S [=} v o ) = 'E = i rad
= = = b= = = = = Z Z
- <= < < < = = = <= <=
= = =1 = = = = = = =

When activating the option “Update stiffness” and recalculating the project, the value for Sj,app equals Sj,ini.

The stiffness taken into account in the calculation equals Sj,ini/2 because 1 = 2 for a beam-column
connection.

MV — 2021/05/31
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In SCIA Engineer we have:

Fiy

The stiffness taken into account in the calculation, thus: Sj,ini/m =

Sj,ini/2 = 10,95 MNm/rad /2
= 5,475 MNm/rad

Stiffness modification coef.

Factor n and n = 2 for a beam-column connection

Sj,app

In this case Sj,ini = 10,97 MNm

Sj,lower boundary

For a braced system:
8-S;

_ japp " E I
10-E -1, +S]-‘app-Lb

8- 10'973%- 210000MPa - 2,77E — 05 m*

~ 10-210000MPa - 2,77E — 05 m* + 10,95MNm/rad - 2m

= 6,37 MNm/rad

Sj,upper boundary

For a braced system:
First we have to check if Sj,app is bigger or smaller than

8-E-I 8-210000 MPa - 2,77E — 05 m*

=233 MP
L, 2m @
Thus
8-E-1I,
Siapp = 10,95 < L

And now the upper boundary can be calculated with the following

formula:

10 Sjapp " E - 1

,app

10- 1()’97,5%- 210000MPa - 2,77E — 05 m*

(8:210000MPa - 2,77E — 05) — (10,95MNm/rad - 2m)

25,92 MNm/rad

4.3. Stiffness check

Fiy 5.48 MNm/rad
Stiffness modification  coef.  [2.00

Sj,app 10.97 | MNm/rad
5j,lower boundary 6.37 MNm/rad
5j,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.
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And now Sj,ini will be in between the two boundaries on the graph also:

MNm
0.1200
/\xﬁ}- per
0.1000
0.0800
0.0600
0.0400
0.0200 = ——T Sy, loper
A Pt P—
- e
_ﬂ_,—#;f_'_,_,_;_‘__,_,_,—o—'—'_"___,_,_,—o—'—'—'_
0.0000
= = = = = = = = Z z
s s 8 g g 3 s s s s
= = = = = = = = = =
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6. Calculation of welds

6.1. Calculation of as

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:

azfy'ﬁw'YMz't
\/E'fu'YMO

with :
fy - the yield strength of the weaker part
fu-the ultimate tensile strength of the weaker part
Bw - the correlation factor
Ymo - the partial safety factor for material
Ywmz - the partial safety factor for welds
t - the thickness of the beam flange

235-0,8-1,25-9,2

=4,25mm
V2360 - 1,00
In SCIA Engineer;
5.1. Flange welds
Mj,v,Rd 36.65 kMNm
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 g.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:
Mpg'y _ 3575-14 50,05

n 022000092 02108 22/kN

Y Fra =

With:  Fra The design force in the beam flange
Mrd The design moment resistance of the connection
H The lever arm of the connection

The value of the factor v is:
vy = 1.7 for unbraced frames
v = 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:
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bty fyp _ 110-9,2-235

Nipa = - 00 = 237820N = 237,82kN
With by The beam flange width

tto The beam flange thickness

fyb The yield strength of the beam
So, we have

Fw= min ( Ntrd, y Frd) = min (237,82kN; 237kN) = 237kN

The weld size design for ar:

Fy Ymz2 " Bw _ 237000-1,25-0,8

T b VZ | 360-110+V2 Hasmm
With  Fw The design resistance of the weld
o] The beam flange width
fu The ultimate tensile strength of the weaker part
Bw The correlation factor
M2 The partial safety factor for welds

In SCIA Engineer:

5.1. Flange welds

Mi,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?2
By 0.80

minimum  af  |4.24 mm

ar 5.00 mm

Calculated using Internal forces

The weld size aris then designed similarly as in the previous, with the only difference that in the Frda does not
take into account the connection moment resistance Mjrd, but direct design moment Med.

6.2. Calculation of aw

LN
4 Fi+1

2, o
|

For all possible bolt groups, the maximum tension pro unit length is calculated.
The tension pro unit length is (Fi+ Fi+1)/12.
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 12 x a2, the normal force N (=Fi + Fi+1) 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 a2 as parameter until the Von
Mises rules is respected:

\/Gf +3-(rf +’cf)£f; and o, < :
i By "V, T

u

w

(0

D
T, =
2-a,-1,
With  fu the ultimate tensile strength of the weaker part
Bw The correlation factor
YMw The partial safety factor for welds
A 2azl2

In SCIA Engineer:

5.2. Web welds

data
M 10.00 kNm

N 0.00 kN

Vi 10.00 kN

fu 360.00 N/mm?2
Bw 0.80

al 3.00 mm

al 3.00 mm

il 110.00 mim

[2 168.40 mim

13 40.05 mm

A 1477.40 mm2

I 13665133.83 [mm*
minimum_aw (a2) |1.00 mim

aw 3.00 mm

6.3. Calculation with the internal forces

In the previous chapters the calculation of ar and 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 “Steel -> Connections -> Connections setup -> Frame
bolted/welded” and here with the option “Use internal forces for weld size calculation”.

B! Connections setup

Standard EN
Connection
Bolts
Welds/stiffeners
Structural joints
Hollow section joints
Expert system

4 Connection
P Bolts

4 Welds/stiffeners

4 Welds

<]
Name Standard EN
EN 1993-1-8: 3

EN 1993-1-8: 4

EN 1993-1-8: 4.5

Minimum weld size [mimy i

Thickness

Weld size determinatich Calculated using Internal forces

Haunch weld size representation
b Stiffeners
Structural joints EN 1993-1-8:5, 6
EN 1993-1-8: 7

Expert system

5
P Hollow section joints
b
5

Thickness
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7. Ductility class

7.1. Ductility classes
The following classification is valid for joints:

Class 1 joint: Mj,Rd 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.

Class 2 joint: Mj,Rd 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.

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. a class 1 joint .

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 [2d <t<0.53 |[-2d Intermediary 2
fy fy
fub .
t>0.53 f_d Non-ductile 3
y
with t the thickness of either the column flange or the endplate
d the nominal diameter of the bolts
fub the ultimate tensile strength of the bolt
fy the yield strength of the proper basic component
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This principle is also shown in the graph below:

== —— )

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. a class 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.

74 MV — 2021/05/31




8. Extraoptionsin SCIAEngineer

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, node 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:

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

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

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

kﬁ

¥

.

=
—__1_

L A section AA ‘ A section 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

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.
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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”.

g Table to report
Wiew »

8 Copy add data

a’ Move add data

[ Delete Del

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

Conn N2 LC1 B3 0,29| 0,05| 0,00 |Notok

Connl |[N5 LC1 B6 0,34| 0,05| 0,00 |Notok

Conn2 NS 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:

ACTIONS

@ Refresh

@ Dpen Preview

(») Save toexpert database

@ Load from expert database

This option is only available if you did not add anything yet to the connection.
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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 >
MName Unity check  Position Source Bolt gra | oK |
Mo connection 0.00 - -
EHT1/B/IPE220/15/M16-10.9 0,14 = SCIA 10,9
IH3E/IPE220/16/20 017 [+ [DpsSv._ [109
IH1E/IPE220/20/30 018 + DSTV 10,9
IH1E/IPE220/16/25 0.26 + DSTV 10,9
IH3E/IPE220/16/20 0.28 - D5STY 10,9
BC/B/IPE220/HET40B/12/M16-8.81 0.31 + Calculated 3.8
BC/B/IPE220/HET40E/12/M16-8.8/1 0.43 - Calculated 3.8
£ >

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.

8.4.4. The use of 4 bolts / row

When 4 bolts per row are used,
additional capacity Fadd is added to
the bolt row/group capacity of the
column flange and/or the endplate.
Fadd is defined for the following
conditions:

- the capacity of the inner two
bolts is equal to the bolt tension
resistance (failure mode 3) or is
defined by a circular pattern

- the bolt row / group is stiffened

- the bolt group contains only 1
bolt row

78

W1 Bolts

b 4
“”f'_
I
b

Selected bolt assembly M16-8.8
Len 50,00

Bolt pattern 4 bolts/row

Reference Bottom of thebeam
Internal bolts distance [mm] 80,00
External bolts distance [mm] 80,00
Use last bolt-row for shear capacity only
1.Row
2.Row
3.Row
arow 3
LLocation [mm] 250,00
2.Location [mm] 180,00
3.Location [mm] 94,00
4.Location [mm)] 40,00
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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, hode N8.

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:

Picture gallery O *
Lre NOPD G ONE B
Name .

¥ New by wizard (Ctrl+W)

Make new picture(s) by wizard.

Make new picture(s) by wizard.

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

Picture gallery

O >
sy EBFE TDODAO E@EEB
Name Conn[N2]<Side view= ~
[=-1- Wizard "steel connections” - Conne Scale1l: 10
[ Conn[MN2]<Front view Side-»[83]>2021 06 01 01:02:33 2021 06 01 Picture width [mm] 107,000
Conn[N2] <Side view> 2021 06 01 01:02:33 2021 06 0 : )

L Conn[N2JEnd-plate->[83] 202106 01 01:02:34 2021 06 01 T L
Display mode Wired v
View point e

Load units in regen. (related tc
Text scale factor 1
Charset of texts Western European, UK, U! +
Line pattern length 3 v
Display GCS icon None v
4 Performance

1 5
&8/
HH
I /
Attached text to be typed here. A .
i=uy ]/,f -

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

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

1. Internal forces

NEd  [148.84 |kN
VzEd (8518 |kN
My,Ed |-123.96 |kNm

Tension top
Mote: 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
Vi = 0.9f A,
" By
When a web doubler is used:
A.'=A,+Dbt,
A, =A-2bt, +(t, +2n)t,
A, =13140-2-280-18+ (10.5+2-24)18

A,, = 4113mm2
A,'=4113+172-10.5 = 5919mm?
Vinp, Rd = 09 235-5919

—727,77kN
J3:1.0

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?

MNote: The shear area Avc has been increased due to the presence of a web doubler.
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Calculation Fcwerd: Column web in compression

w* kwc ' beff,c,wc “lwe fy,wc but Fc,wc,Rd < w - kwc P beff,c,wc “lwe fy,wc

Fc,wc,Rd =

Ymo

And in SCIA Engineer:

Ymo

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

beff,cwc  |249.83 |mm
twc 15.75 mm
wl 0.80
wl 0.55
w 0.80
dwic 196.00  |mm
Ap,rel 0.44
p 1.00
kwc 1.00
Fcwc,Rd  |736.92  |kN

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

Calculation Fcs.rde: Beam flange in compression

M
Foopre= __GRd
, fb,Rd hb _tfb
M
Moy =% = 95 _ g55kNm
’mo 0
£ _ 655000kNmm _ o0
PR 550-17.2

In SCIA Engineer:

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

Section class |1

Mc,Rd 654.95 kNm
hb-tfh 532.80 mm
Fe,fb,Rd 1229.25 |kN

Calculation Fi+crd: Column flange in bending

t,. f,
I:c,fc,Rd: (twc + 2rc + 7ktfc)

MO

Fo o= (005+2-24+7 -1-18)% _ 745kN

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 Fiwcrd: Column web in tension

pbefftwc fy

VMo
t,. =1.4t,=14-10.5=14.7mm

Dy =t + 2\/§a+5(tfc + r)
by =17.2+2+/2 -9+ 5(18 + 24) = 252mm
P =P

F

t,wc,Rd=

P, = ! — =081
befftwc
1+1.3 :
A
F o e 0.81-252-14.7-235 _ 705kN

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
twe 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)

MjRd data |
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:

M

F — Rd

Foy =12 _ 705kN
0.532
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The design resistance of the weld Fw shall be greater than the flange force Fra, multiplied by a factor y. The

value of the factor y is:
y = 1.7 for sway frames

y = 1.4 for 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:

_ bf 'tfb' fyb
tRd —
M,
N, = 210-17.2-235 _ 849N
’ 1.0

Fw = min ( Ntrd, ¥ Frd) = min (849, 1.4 x 705)= 849 kN

The weld size design for as, using Annex M of EC3

> I:w Y mw 'ﬂW
f,-b, -2

S 849000-1.25-0.8

ay

=7.94mm
¢ 2 .
360-210-+/2
We take ar=8 mm.
In SCIA Engineer
6. Design calculations
6.1. Flange welds
Mi,y,Rd 375.39 |kNm
a 1.40
h 532.80 |[mm
FRd 986.38 |[kM
Nt,Rd 771.65 |kN
fu 360.00 [MPa
Bu 0.80
minimum_af |6.35 mm
af 7.00 mm
84
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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 MRd and the internal forces, given in the beginning of this chapter)

To determine the weld size a; in a connection, we use an iterative process with a; as parameter until the Von

Mises rules is respected:

f f
,/G? +3~itf +1 iS; and o, <—

w VM, ¥,
6, =1, = E+M~12 1
P lA 20 )42
D
T =
2-a,-1,
With  fu the ultimate tensile strength of the weaker part

Bw the correlation factor
YMw the partial safety factor for welds

In SCIA Engineer:
6.2. Web welds

Adld

M 375.39 kNm
N 148.84 kN
V 85.18 kN
fu 360.00 MPa
Bu 0.80

al 7.00 mm
al 7.00 mm
i 210.00 mm
2 450.40 mm
I3 75.45 mm
A 6854.20 mm=2
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 :

Type 1 welded plate in beam, welded to column

Type 2 bolted plate in beam, welded to column

Type 3 bolted angle in beam and column

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 Nrqg are calculated.

The design shear resistance is calculated for the following failure modes:

- design shear resistance for the connection element

- design shear resistance of the beam

- design block shear resistance

- design shear resistance due to the bolt distribution in the beam web
- design shear resistance due to the bolt distribution in the column

The design compression/tension resistance is calculated for the following failure modes:

- desigh compression/tension resistance for the connection element
- 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

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

1. Internal forces

N -1.43  |kN
Vz |7.97 kN
My 10.00 |[kNm
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10.1.1.

Transversal section of the plate: Ay =2-h,,

Normal stress: oy = —

Calculation Design Shear Resistance VRd for Connection Element

N
A

pl

Flexion module: W 2

—1440
T 3012

2

=-0 3681'\y

=106276mm®

t, =3912 mm? (2 plates)

Design Shear Resistance: a= 163/2 = 81,5 mm is the centre

= 306 920N = 306,92kN

Vo = ATy 39127235 _ 00N — 530,77kN
Rdl_yMO_\/g_ 1,00.\/§ - - ’
Y ] W_[235 Coasan] . 106276
Ra2 = |, & T [100 81,5

VRd = min(VRdl; VRdZ) :306,92kN

In SCIA Engineer:

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

data |
sigmal -0.37 MPa
A 3912.00 mm?
Av,net 3912.00 mm?2
W 106276.00  |mm?3
a 82.00 mm
WVRd - bending | 304.10 kN
WVRd - shear 530.77 kN
10.1.2.

Calculation Design Shear Resistance VRd for Beam

Shear Area: A =A—2-b-t, +(t, +2-r)-t, =1914,76mm?

Shear Resistance : VRd =

In SCIA Engineer:

A-f,
\/_J/MO

=259789,5N =

2.2. Design shear resistance VRd for beam

Ay 1912.76 |mm?2
VRd |259.52 kM
10.1.3.

Area of the element :

Tension/Compression Resistance : N, =

In SCIA Engineer:

3.1. Design compression/tension resistance NRd for connection element

A

3912.00

mm?2

NRd

919.32

kN
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Ay =2-h,

M,

259,79kN

=919320N =919,32kN

Calculation Compression/Tension Resistance NRd for connection element
t, =3912mm?
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10.1.4. Calculation Design Tension Resistance NRd for Beam

Area of the Beam : A =0.003910m?

A-f
Tension Resistance : N, = Y =835318.18N = 835kN

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

A 3910.00 |[mm?
NRd |918.85 kM

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
Jo2+3-(2+7?)<—Tu__ ang o, < —U
1 1 2 B

w Y™, Y™,

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

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=0.004m
Weld Length: I1 = hpl -2 -tpI =0.163-2-0.012 =0.139m

I, =by —Play—-2-t; =0.13m

pl =

=1, —Play=0.164-0.01=0.154m

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

o= (0.707-a-1,+0.577-a-1,)-1 10410
0577-a-l; +1.414-a-1,

_ 0.577-a-1; 030377
0.577-a-1, +1.414-a-1,
0.117-a-1?
L =0.15603

H:
0.117-a-1f +0.577-a-l,-h,

~ 0.707-a-l,
0.707-a-l, +1.14-a-1,

=0.3987

L=10+9g=10+104,10=11410mm

Shear force on one plate: D = Vzid = 252—79 = 129,9kN(for one plate)

Normal force on one plate: N = % = % = —0,72kN

Moment on the plate: M = D - L = 129,89 - 0,1141 = 14,82kNm
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Weld Check 1: 6puM TN 1577 N/

~J2-a |2 \/E-a-l1
_6-D_ N
= =0 N
\/0'2+3~(72+72) o
Unity Check: 1f L 22 -0.63<1 andf—1:0,35£1
/ﬂw.}/MW %MW
Weld Check 2:

1-0)
o, = 2'1—2(\/_a| _6167A"lm

rzz((l_”)'M+(1_r) J 14799'\y

h-a-l, 2-a-l

o’ +3-(r2 + 72
Unity Check: ‘/ 1f ( 2):0.6331 andfi=0.1731

u u

Bu 7w, 7w

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
q 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, 1l |127.57 |MPa
tau,1 127.57 |MPa
tau,2 70.89 MPa
for weld check 2 :
sigma,l |61.61 MPa
tau,1 61.61 MPa
tau,2 147.84 |MPa

Weld size Plate/Column

Weld size: a=0.011 m
Normal Force: N=-1440N=-1,44kN
Moment: M =D -L =259790-0.082 =21302Nm = 21,3kNm

Stress Calculation:

N M N

D-L
O == = + ~1543N
' Y oJ2.al W 2.42.a h2 %nm2

2.J2.a. "
6
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__ Db _ N
72_2.a.|‘76’68%m2

Unity Check: - L2 =0.75<1 =042<1

In SCIA Engineer:
5.2. Weldsize platefcolumn

data
Fu 360.00 |MPa
beta 0.80

a 11.00 mm
L 82.00 mm
D 259.52  |kN
N -1.43 kM
M 21.28 kNm
sigma, i |155.21 |MPa
tau, 1 155.21 |MPa
tau,2 72.37 MPa

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, hode N2 for
combination C1.

10.2.1. Calculation Design Shear
Resistance VRd for Connection Element

Transversal section of the plate:
A =2-h-t=2.188-12 = 4512 mmz_ (2 plates)

Ayner = A —bolts * (t  d0) = 4512 — 4 * 12 x 18 = 3648mm?

Normal Stress: o, _N_~1440 |\y
A 4512 mm?
, t-h? .
Flexion Module : W =2- =141376mm

Bolt Centre : a=34mm (= X1 parameter of the bolt position)

The bolt holes are not taken into account when: A, ;. =>4 - 3648 > 2945 0K

When 4, .., is less than this limit, an effective shear area of 4, = ;—“-Avlnetmay be assumed, else 4, = A
y

Design Shear Resistance:
Ay fy 4512 - 235
Vi1 = = = 612176N = 612,76kN
Ymo - V3 1,003

w1235 )] 141376

(=0

Viaz = [—y' JN] . = 978488N = 978,49kN

3 @ " 1360
Vg = min(Vgs; Vogy) = (612,76;978,49) = 612,76kN
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In SCIA Engineer:

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

data |
sigmah 0.00 MPa
A 4512.00 mm?
Av, net 3648.00 mm2
W 141376.00  [mm?
a 34.00 mm
VRd - bending |977.16 kN
VRd - shear 612.18 kN
10.2.2. Calculation Design Shear Resistance VRd for Beam

Shear Area: A, =A—2-b-tg+(t, +2-1) t; =3912—-2-120-10 + (6 + 2 * 15) * 10 = 1872mm?
Net Area : A, . = A, — #bolts per section - t,, - dy = 1872 — 2+ 6 - 18 = 1656mm*
The bolt holes are not taken into account when: 4, ., = ;—y-Av - 1656mm? > 1222mm* 0K

b, Ay ner May be assumed, else 4, = 4,

When 4, is less than this limit, an effective shear area of 4,; = ;
y

Design Shear Resistance:

Ay1-fy __ 1872:235
V3vmo V31,00

Vra = = 253988N = 253,99kN

In SCIA Engineer:
2.2. Design shear resistance VRd for beam
Av 1912.76  |mm?

Av,net |1689.56 |mm?2
WVRd 259.52 kI

10.2.3. Calculation Design Shear Resistance VRd for Bolt in Beam

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

1 a%*c¢® 2-a-c a’-d? 2-a-N-d ] N?
P S +——— |+Vpy | ———— [+—-Q*=0
Roln | n-l | |l -n n
p p p p
Where : a =0.0995m b =0.094m ¢ =0.0655m d=0.07m
4 2
L= Zrﬁ = ) 95.662 = 0.036761m
i=

1
Q= min(2- Foras min(Fb'Rdyplate; Fo Rd beam ))=31740.8256N for two plates, where

ok, =20Tw A 30140N = 30.1kN
‘ T Mo
250, -f,-d-t
o Forosean = — 31740.8256N = 31.7kN
¥ b
witho, = min[e—l;& —i;be;lJ =0.444
3d, 3d, 4 f,
25-a,-f,-d-t,
o P pite = —122867.712N
Y Mb
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with o, = min e—1;&—1;M’;1 =0.444
3d,'3d, 4 f,

By solving the second-degree equation, we find VRd =123kN
In SCIA Engineer:

2.3. Design shear resistance VRd for bolts in beam

el,el 24.00 mim
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 09,94
Fb,bw,Rd 58.09
Fv,Rd 30.14

99,50 mm
94,00 mm
70.00 mm
o 65.50 mm
Ip 36761.00 |mm?
VRd |124.28 kN

zZ|Z

Y ol Rl

10.2.4. Calculation Design Block Shear Resistance Vrd - beam

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

vV . fy 'Av,eff ith .
eff Rd — = wit Av,eff =t-L

\/§'VM0

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

al

7

‘ a2 J|

v, eff

Lv

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

a, =50mm a,=165mm a, =50mm
L, =h—a, —a, = 240—-50-50 =140mm

92
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L, = min(Lv +a, +a,;(L, +a, +a, —n-do)~%]
y
= min(240;257,36) = 240mm
L, = min(a,;5-d, ) = min(50;90) = 50mm

f 360

L, =(a, —k-d,)-—* = (165-2,5-18)- —— =183,83mm
. =2, o) f, ( ) 235
with k = 2.5 for 2 bolt - rows

L, = min(L, + L, +L,; L) = min(373,83;240) = 240mm
A i =t- |, o = 6240 =1440mm*

f .
_ N Aver _195375N —19538kN

Vett ra —W
/Mo

In SCIA Engineer:
2.4. Design block shear resistance VRd - Beam

Ant  [793.60 mm?2
Anv  [1016.80 |mm?2
VRd |252.24 kM

10.2.5. Calculation Design Block Shear Resistance Vrd — connection element
(beam side)
The design value of the effective resistance to block shear is determined by the following expression:
f A/ ff .
Veff,Rd = \/y— = with Av,eff =n-t Lv,eff
37w,
With: n number of plate, cleat
t thickness of plate, cleat

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

Sz}

al

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

a =24mm  a,=155mm a, =24mm
L, =hye — & — 2, =188 — 24 — 24 =150mm

Ls=min£Lv+a1+a3;(Lv+a1+a3—n.d0).%J

=min(188,177,7)=177,7mm
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L, =min(a,;5-d, ) = min(24;90) = 24mm

L, =(a, —k- do)-% = (155-2,5-18) %g =168,51mm

y
with k = 2.5for 2 bolt - rows

L, o = min(L, + L, + L,;L,)=min(342,51,177,7) =177,7mm
A =N-te L, o = 2-12-177,7 = 4264 8mm’

f 'A\/e
Veff,Rd:\/yg—}/’ff
/Mo

In SCIA Engineer:

=578636,6 N =578,64kN

2.5. Design block shear resistance VRd - Connection element on beam side

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

10.2.6. Calculation Design Compression/Tension Resistance NRd for Connection
Element

Area: A=2-t-h=2-12-188 = 4512mm?
NetArea: A, = A—2-t-2-d, = 4512 —2.12.2.18 = 3648 mm?

Compression Resistance :

A-f, 4512-235

= =1 20N =1 2kN
_ 100 060320 060,32k

Npq =

In SCIA Engineer:
3.1. De;ign compressit_)n,l'tension resistance NRd for connection element
A 4512.00 |mm?

Anet [3648.00 |mm2
NRd 945.56 kM

10.2.7. Calculation Design Compression/Tension Resistance NRd for Beam

Area: A=3912mm?
NetArea: A, =A-2-t-d, =3912 —2-6-18 = 3696 mm*
A, O.9-Am-fuJ

Tension Resistance : Ngq = min ,
M, Twm,

. (3912-235 0,9-3696-360
1,00 1,25

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

A 3910.00 |mm?2
Anet |3686.80 |mm?2
NRd 018.85 kN

j =min(919320;958003) = 919320N =919,32kN
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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

N joint

T joint

Y joint

DK joint KK joint

e 8
| =—==3

El | -

|

I A S S ————
n

X joint TT joint
I

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.

e 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.

e Remaining members are marked as brace members. User may use for example type truss
diagonal with value of 90.
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For each brace member respective delta angle between the brace member and the chord member
is measured .

The brace member with the smallest delta angle is marked as brace 1.

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

brace 1
delta 3

chord delta 1

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:

Axes of all members has to be in one plane.
Chord members has to be in line, which in terms means use the same eccentricity

For T, 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:

For Circular Hollow Section joints, the cross-sections marked by SCIA Engineer as formcode 3
cross-section, are supported .

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:

Continuous chord members are supported.
Continuous brace members are not supported.

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".
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In SCIA Engineer:

1. Joint members info

Members B115, Bii6

Cross-section CHS5219.1/12.5

dg 219,10 mm

o 12,50 mm

Material S 355

fL0 355,0 MPa

Ay 8110 mm?2

Wely 397000 mm?

Wel,z 397000 mm?

Member Bi117

Cross-section CH5139.7/5.0

d1 139,70 mm

1 5,00 mm

01 45,00 deg

Material S 355

f, 1 355,0 MPa

A 2120 mm?2

Wel,y 68800 mm?3

Wel 68800 mm?2

Member B125

Cross-section CHS114.3/3.6

dz 114,30 mm

tz 3,60 mm

82 45,00 deg

Material S 355

f, o 355,0 MPa

A 1250 mm?2

Wel,y 33600 mm3

Wel,z 33600 mm?3
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.

gapg

(a) Definition of gap

overlap ratio A,, = (q/p) x 100 %

(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
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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:

do Si]’l(lgl + 92) dl dg
9=+ ) =5 s r o T 5o
2 sin@; * sin, 2 *sin 6, 2 * sin 6
- dl dg * sin 91 * sin 92 dg
¢=(3%smo, " 2%sme, 9 sin(6; + 02) 2

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:

e 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]
Eccentricty 0,00 mm
Gap 39,49 mm

Jointconfiguration K
Design tables 7.2, 7.5

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:

e The moment caused by eccentricity of braces is calculated as :

M, 0 0cc = N, *xcosf; xe

With:

Ni design normal force in the brace

Oi angle between the brace and chord members
e brace eccentricity
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11.2.2.

100

e 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.

Nea  [Myopal | [Mzoral
’ 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
Wel,y,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,z,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.

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

e 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).

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 460MPa. If yield strength higher than 355MPa ,
the static design resistances should be reduced by factor 0,9.

e The nominal wall thickness of hollow sections should not be less than 2,5mm.

e The nominal wall thickness of hollow section chord should not be greater than 25mm unless
special measures have been taken.
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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.

e 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*to is checked.

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

e |fthe 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.

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

e 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/dy;=1,0
Chords tension 10 < dy/tp < 50 (generally), but:
compression | Class 1 or 2 and
10 < dy/ty £ 50 (generally), but:

Braces tension di/t; < 50

compression Class 1 or 2
Overlap 25% < Agy < Agyjim., S€€ 7.1.2 (6)
Gap gzt +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

Location Min limit[mm] Max limit[mm] Eccentricity[mm]
Brace 1, Brace 2 | -120,50 54,77 0,00

Result

[Mygecc [0,00 [kNm |

Chord  Position[m] Ratio[-] My, g.ecckNm]
B115 3,000 0,50 0,00
B116 0,000 0,50 0,00

Mote: 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)
f; <= 355MPa
fyi <= 460MPa

Member Value[MPa] Warning Max limit
limit Result Result

Chord fio 355,0 - oK

Brace 1 fy1 355,0 0K 0K

Brace 2 fy.2 355,0 OK 0K

EN 1993-1-8 Article 7.1.1 (5)

§ >»= 2.50 mm

Member  Property Value[mm] Result

Chord to 12,50 OK

Brace 1 t 5,00 OK

Brace 2 tz 3,60 OK

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

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

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

Member Property Value[deg] Result

Brace 1 g1 45,00 OK
Brace 2 8, 45,00 OK

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

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

Result

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

Member Property Value[-] Result
Brace 1 dy/dg 0,64 OK
Brace 2 d2/dg 0,52 OK

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

Class 1 or 2

Chord lLoading effect Property Value Cross-section Result
B115 Compression do/to 17,53 OK 0K
Bll6 Compression do/to 17,53 oK 0K

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

dift <=

50.00

Member Loading effect Property Value[-] Result
Brace 2 Tension da/ftz 31,75 0K

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).

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.

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 -
Opred | 123,3 MPa
Mg 0,35 -

ko 0,86 -
fy.0 355,0 MPa
to 12,50 mm
do 219,10 | mm
kg 1,76 -
6.1. Brace 1

81 | 45,00 deg
dy | 139,70 | mm

B 0,58 -

di <= dp - 2.00%

Max limit]mm] di[mm] Result
194,10 139,70 0K

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

Chord face failure

Nigd | 987,19 | kN
Punching shear fai
Mipd 1919,48 kM

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

DI d - -
My,1rd | - kNm
Mz, 1rd | 47,95 kNm

Punching shear failure

My, 1.rd 78,03 kNm
Mz, 1,rd 92,68 kMNm

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

Nied / Nird 0,51
My, 1Ed/ My, 1,rd 0,00
Mz 164/ Mz 1md 0,00
Nigd / MNyad + My 1ed/ Myapdl? + Mzaed/ Mzapd | 0,51

6.2. Brace 2

d2 <= dg - 2.00%tg

Max limit[mm] da[mm] Result
194,10 114,30 OK

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

Chord face failure
MNaprd | 846,61 | kN

Punching shear fai
Nagd | 1570,49 kN
Na,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
- kNm

My,2,rd
Mz2rd | 39,23 | kNm

Punching shear failure
My, 2 rd 52,24 kMm
Mz,2.Rd 62,04 kNm

My,2rd = 52,24 kNm

M4 = 39,23 kNm

6.2.3. Utilization

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

Magd / Nzpd 0,47
My.2.6d/ My ord 0,00
Mz,2,6d / Mz,2,Rd 0,00
Nzed / N2rd + [My, 2,64/ My,2.Rd)? + Mz,26d/ Mz,2rd | 0,47

7. Results

Member  Unity check

Brace 1 0,51
Brace 2 0,47
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11.3.1. Uniplanar 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 Nied shall not exceed the design axial resistance of the welded joint Nira 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:

2
N; M, ; M,;
l,Ed+[ y,z,Ed] +| z,l,Ed| <1
Nira

My.i,Rd Mz,i,Rd

With

Niea  the design axial force

Nira  the design axial force resistance

Myiea the design in-plane bending moment

Myira the design in-plane bending moment resistance
Mziea the design out-of-plane bending moment

Mzird the design out-of-plane bending moment resistance

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:

Ny, Ed N | My,0,E4] N \M.0,54|

OpEd =

Ap Wei g0 Wei, 20
” Ny, Ed + | M, 0,4 + |M..0.Ed|
0,Bd =
A Wei w0 Wei,z0
With
Np Ed 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
No,Ed maximum compressive 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,z,0 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, subscripts i = 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.
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The above also applies to SCIA Engineer with several extensions for:

e X and DY joints, where the first brace in the list uses subscript i = 1, the second brace in the list
uses subscripti =2

e DK joint 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
uses i = 3 and brace opposing to brace 2 usesi =4

e DK joint 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 uses i = 3 and brace opposing to brace 2 uses i =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.

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.

¥ o * o3

N1_3pq| *sinfi_3  |Na_ypa| *sinfy_y4 1
NI,Rd *sin 0, NI,Rd *sin 6, -

With
N1-3Ed average value of design normal force in brace 1 and brace 3
013 angle between the brace and chord member for brace 1 and brace 3
N2-4,Ed 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.
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2 2
( No,Ed ) +( Vo.Ed ) <1
Nyio Rd Vil 0,Rd

Niett, rd + Nright Ed
2

fy,ﬂ * A-ﬂ
YMSs

No.pa =

Ny1o,rd =

Vo,ed = Max(|Ny 3 pq| *sinfy_3; | Ny 4 pa| * sinfy 4)

V fy,D * Av._l:l
plORd — —=———
V3 * s
2* Ay
AL‘,C‘ =
T
With
No,Ed design normal force in the section
Nieft,Ed design normal force in the chord from the left section at the joint
Nright,Ed design normal force in the chord from the right section at the joint
Nopl1.0.Rd plastic normal force resistance of the chord
fy.0 yield strength of the chord material
Ao chord cross-section area
YMms partial safety factor for the resistance of joints
Vo,Ed design shear force in the section
N1-3Ed average value of design normal force in brace 1 and brace 3
013 angle between the brace and chord member for brace 1 and brace 3
N2-4,Ed average value of design normal force in brace 2 and brace 4
B2-4 angle between the brace and chord member for brace 2 and brace 4
Vpl,0.Rd plastic shear force resistance of the chord
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:

fy * Bu * a2 % 4

az2* * *
V2* fu ¥ v
With
fy yield strength of the brace material
fu ultimate tensile strength of the brace material
Bw correlation factor given by EN 1993-1-8 Article 4.5.3.2 TAble 4.1
YMo partial safety factor for material
ym2 partial safety factor for welds
t 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  t[mm] fy[MPa] f,JMPa] Bu acald mm] Amiin[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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