SCIAENGINEER

T%}%w W\&

-2 2l
BARRE

ot e 48

Advanced Training
Steel Connections



Advanced Training — Steel Connection

All information in this document is subject to modification without prior notice. No part of this manual
may be reproduced, stored in a database or retrieval system or published, in any form or in any way,
electronically, mechanically, by print, photo print, microfilm or any other means without prior written
permission from the publisher. SCIA is not responsible for any direct or indirect damage because of
imperfections in the documentation and/or the software.

© Copyright 2017 SCIA nv. All rights reserved.



Table of contents

.

= o] LSl T 0] 0] €=] 01 =TT 3
[ oo U103 {0 o IR 5
Possible connections in SCIA ENQINEET ..ot 6
Creation of a small example in SCIA ENQGINEET ......ccoiiiiiiiiiiiieiiee et 8

3.1, Modeling the @XamMPIe ..ot e e e e e e s e e e e e e e anne 8

3.2, INPUt OF the CONNMECTION oo e e ee e e e e e e e e enees 9
Check of the connection (UNity ChECK) ......covii i 12

o I 1= o =T = 1o F-\ - N 16

4.2. Column Web panel iN SNEAN ........ciiii i 17

4.3. Column WED iN COMPIESSION ..uuiiiiiie it e et e e e e e e e s st e e e e e e e s nntrrreeeaeeaean 17

4.4, Beam flange and Web in COMPIeSSION . ...t 18

45, ReSIStaNCe OF the T-StUD ..uuuuiiiiiiiiiiii e nannnas 19
45.1. Principle of a T-stub calCulation..............coeeiiiiiiiiiiicc e 19
4.5.2. 270 L3 [ (o TN 22
4.5.3. COlUMN FlANGE ... s 22
4.5.4. BN PIALE ... e 31
4.5.5. Potential tension resistance for each DOl rOW ... 39

4.6. Calculation Of MRA.....c.cooiiiiiii e e e e e e et e e e e e e aeaa s 39

A7, CalCulation Of NRA ....coieiiiiiee ettt e e e et e e et e e e e et s e e esae e e s et esesatseessnnseesees 42

Ci T O 1 (o1 U1 K= o] g o) YA = o TR 44

4.9, WEAK AXIS TBSISTANCES ...t iiieeeieiet e ettt et et et e e e ettt s e ettt e e et et e seeatteesateeesetasseestaseesstaseesees 45

49.1. Bending MOMENt FESISTANCE ....ccoiiiiii ittt e e b e e e anes 46
4.9.1.1. Column flange iN DENAING .......eeviiiiiiiiiiieeieeieeiee et eeeeeeeeeeeeeeeeereeerersrerererererererererrrrrene 47
e B N 1 o T I o] F= 1 (=N T T o= g o [ 0T PPNt 47
4.9.1.3. Beam flange iN COMPIESSION.......uuiiiiiiiiii ittt 48
4.9.1.4. Column flange iN tWISTING .....uevveeeiieieeeeieiieieeeeeereeeereeeeeereeeeeeeeeeeeerererererererrre———————————. 49
4.9.1.5. Column Web iN DENAING......oouuiiiiiiiiii e 49

4.9.2. Y Tre (o (TSN (=T E3 =1 A L1 < T 50

4.10. UNITY CRECKS ..ttt et e e s b e e e bbee e e abbeeeeane 51
4.10.1. Influence of the NOIMAl fOICE .......iieeeeie et e s 51
4.10.2.  General UNItY CRECKS ........uuiiiiiiiiiiieiiieeeeiee ettt aeeeaeesaaeeasesasasasesssssssesesesessnesnnes 51
StIffNEsSS Of the CONNECTION ...covviii e e 52

5.1. The Moment-Rotation CharaCteriStiC......cccouiiiiiiiiiiiiii i eeaaae 52

5.2. Calculation Of the SFfNESS ..ccvuiiiiii e e e e e eeaeaes 52
5.2.1. (1T 1= = 1IN (014 0 111 F= TP 52
5.2.2. Calculation of the StiffneSS IN AELAI .........uiiieee e 53

5.3, The classSifiCation 0N Stif eSS ... ettt e e e e e e e e e e e e a e eeens 60

5.4. Transferring the joint stiffness to the analysis model .........cccccoveiiiii e, 62

5.5, The required StIffNESS ..ot 65
(OF: 1T oI F-Y Ao Y o o ) A TL=] (o K= 69

B.1.  CalCUIALION OF @f.iiiiiiiiiiiiii ettt e et e e e e e e e e e et s e e e e eeaabb e eeaeeeeerraes 69
MINIMUM fOr fUll SEFENGEN ... e 69
Calculated from CONNECLION FESISTANCE .........uuiiiiii et e e e e e e e e et e s e eaa s 69
Calculated using INtEINAI fOrCES.......viii i e 70

(ST OF- 1 (o1 U1 £ (oY a0 ) - YN 70

6.3. Calculation With the iNTEINAl FOICES ....vuiiieeeeeeee et e e e e 71
DUCTIHITY ClASS ittt ettt e e et e e et e e et 72

7.1, DUCTHIHITY CIASSES ..eeteiiiiiii ittt et e e e e s s e bt e e e e e e s e s nnbbeeeeaaeeeaannne 72

7.2. Ductility classification for bolted JOINTS ......oooiiiiiiii e 72

7.3. Ductility classification for welded JOINTS ......oc.uuuiiiiiiii e 73
Extra options in SCIA ENQINEEY ....coeeiiiiiiii ettt a e 74



Advanced Training — Steel Connection

9.

10.

11.

12.

8.1, RHS DBAIM ettt e e e ettt e e e e e s bbb e e e e e e e e e anbbbeeeeaae e s 74

8.2. Column in minor axis CONFIGUIAtION ........eiiiiiiiiiiei e 74

8.3. Base plate connections: shear iron, flange Wideners...........ccccceiiiiiiiii e 75

8.4. Extra options for the calculation of CONNECHIONS ......coiiiiiiiiiiiiii e, 75
8.4.1. (00] o) Vo] 7o) a1 o T=Tox 1 o] o =SSR 76
8.4.2. Multiple check Of CONNECLIONS.........c.ciiiiiiee e e 76
8.4.3. EXPEIT SYSTEIM ...ttt a e s a e 76
8.4.4.  The USE Of 4 DOIS / FOW ..covveiieiiiiiee ettt e et e e e sbaeeeeanes 78
8.4.5. [ TeTqTe]o | oAV oo £ PO PP T PPUPPP PP 79
V=] o L= M oTo] oY =T ot {10 o 1< TP RPPPR 82
PINNEA JOINES ..eiiiieie et e e e e e e e 87

10.1. Welded fin plate CONNECTION ...iiiiii i e e e e e 87
10.1.1. Calculation Design Shear Resistance VRd for Connection Element ...............cccvveeeee. 88
10.1.2. Calculation Design Shear Resistance VRd for Beam ..........ccccccceeeviiiciiiieeeee s, 88
10.1.3. Calculation Compression/Tension Resistance NRd for connection element............... 88
10.1.4. Calculation Design Tension Resistance NRd for Beam .........ccccccceevvicivieeeee e vcvvnnenn, 89
10.1.5. Weld size Calculation for Plate, Beam and ColumN ..........cccccuviiiieeiniiiiiiiieee e, 89

10.2. Bolted fin plate CONNECTION .....ccoo i 91
10.2.1. Calculation Design Shear Resistance VRd for Connection Element ...............cccvveeee.. 91
10.2.2. Calculation Design Shear Resistance VRd for Beam .........ccccceeiiieiiiiiiiiiiiiiieseseeeseeennn 92
10.2.3. Calculation Design Shear Resistance VRd for Bolt in Beam ...........ccccocceveeeevniinvnnnnnn. 92
10.2.4. Calculation Design Block Shear Resistance Vrd - beam ..........cccccooiiiiiiiiiiiiiiiisiceeeennn, 93

10.2.5. Calculation Design Block Shear Resistance Vrd — connection element (beam side) .. 94
10.2.6. Calculation Design Compression/Tension Resistance NRd for Connection Element.. 95

10.2.7. Calculation Design Compression/Tension Resistance NRd for Beam.............ccccceune. 95
10.3. Bolted cleat CONNECTION ... 96
10.4. Flexible end plate CONNECLION ..o 96

HOIOW SECHION JOINTS ..uuiiiiiiiiiii s 97
11.1. JOINt CONFIGUIALION Leiiiiiiiiiiiiieee e e e e e e e st e e e e e s e s nrnneeeeaeeeeas 97
11,21, AULOMALIC FECOGNTTION Leeiiiiiiii ittt e e e e e e e e e s s b e e e e e e e e anneeeeees 97
I N €T o I @ V=T = T o PSPPSR PRI 99
11.2. RV 2= Lo o 4 o g T TS SO 100
11.2.1. Redistribution of bending moment caused by eccentricity of brace members ...... 100
11.2.2. General scope and field of appliCatioN ..........cceiiiiiiii i 101
11.2.3. Range of validity for CHS chord and CHS brace members......................... . 102
11.3. DESIGN FESISTANCE ..o 104
11.3.1.  Uniplanar JOINtS ... 106
O J T O g To ] o IR} =TT P PP OO PP PPPPPPN 106
11.3.3. Identification of brace Members ... 106
11.3.4. Welded joints between CHS Members ........ccccooiiii 107
11.3.4.1. AXIAl FOICE FESISTANCE ... uiiiiiie et e e e e e e reeeeaeee s 107
11.3.4.2. Bending MOmMEeNt FESISTANCE.......uuiiiiiiiie e 107
11.3.5. Special types of Welded JOINTS .....coouiiiiiii e 107
11.3.6.  DESIGN Of WEIHS ...ciiiiiiiieiiie ettt e e e e e 108

References and [HEratUIE ........oiii i e e e e e e e e e e s 110



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.
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2. Possible connections in SCIA Engineer

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

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

K

sl=

]
-

,..ﬂ.l‘\__

K

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
(made of three flats - lw)

Asymmetrical welded | section
(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

IRoIed I+H

%

Iwn

| section + haunch
RHS

Column

Rolled I+H |

e
yes
yes
yes

no

no

| 1section + hauncn RHS

Beam

Rolled I+H

i

Iwn

| section + haunch
RHS

Beam

Rolled I+H

| section + haunch




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 As 2

Joint = web panel in shear + connection

1- web panel in shear
2 - connection
3 - components (e.g. bolts, endplate)

IV

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:

ready
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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

Frame rigid connections.

Project data

|

Basic data | Functionality | Actions Protection

# SCiA Dynamics

»

= Steel

Initial stress

Fire resistance

Subsoil Connection modeller

Nonlinearity G
Stability Frame pinned cennections

Climatic loads Grid pinned connections

Prestressing Bolted diagonal connections
Pipelines Expert system

Structural model W E Connectich menodrawings

BIM properties Scaffolding

Parameters LTE 2nd Order

Meobile loads ArcelorMittal

Automated GA drawings
LTA - load cases
External application checks

Property modifiers
Bridge design

oK || Cancsl
The following options are available for connections:
Frame rigid connections: Calculation of bolted and welded (rigid and semi-rigid) connections.
Fame pinned connections: Calculation of pinned connections
Grid pinned 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).



e

2000

s

2000

3.2.

HE140B
-5,00

[

-5,00

leﬁ%ZOV. y

2000

HE140B

Input of the connection

Calculate the model and go to the Steel menu.

The beam is connected with the strong axis of the column, so we choose in this menu for “Connections

-> Frame bolted/welded-strong axis”. Double-click on this option and select the node between the

column and the beam to input the connection.

In the properties window of the connection, you can activate what you want to add at the connection.
We choose for a Frame bolted connection and we add an end plate. By clicking on the three dots

behind the endplate option, you can adapt the endplate and we change it into:

Properties

Steel Connection (1)

1x

RN

Mame
Mode

Backing
Bolts

Welds

Type of loads
Load cases LC1 -
Frame type
Connection geometry
= Side ->[B3]
Connection type

Top haunch

Bottom haunch

Top stiffener

Bottom stiffener

Diagonal stiffener

‘Web doubler

Update stiffness

Length for stiffness classifica... 2,000

Conn
N2

’
B End-plate

Load cases '

braced "

Single-sided

/

Frame bolted ~
v
plate

I
Material 5235
Thickness[mm] 12
Input Top/Bottom/Left/Right
Top extension [rmm] 70
Bottom extension [mm] 15
Left extension [mm] 15
Right extension [mm] 15
Total width [mm] 140
Total height [mm] 305

OK

‘ | Cancsl

\

Afterwards we can also add some bolts and change them again by clicking on the three dots behind it:
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Properties o x

Steel Connection (1) I;l TR B Bolts 5

£ [sciecied bote assemby  [UERED e
Name Conn = Length [mm] 50
Node N2 i Bolt pattern 2 bolts/row -
Type of loads Load cases - i Reference Bottorn of the beam -
Load cases L1 - Internal bolts distance [mm] 20
Frame type braced - Use last bolt-row for shear capacity o..
Connection geometry Single-sided 1.Row v
= Side ->[B3] 2.Row v
Connection type Frame bolted ~ 3.Row
End-plate v 4 Row
Backing plate 5.Row v
v 1.Lecation [mm] 250
Top haunch 2 Location [mm] 180
Bottem haunch 3.Location [mm] 110
Top stiffener 4 Location [mm] 90
Bottom stiffener 5.Location [mm] 40
Diagonal stiffener
Web doubler

Update stiffness

K Actions
Calculation type Internal forces -
Update location B
Output Summary - |
Length for stiffness classifica.. 2,000 -~
B Stiffeners

Between bolt-rows1 2
Between bolt-rows 2 3
Welds

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:

W9 Bokts >0 | |7 Bolt assembly X
I
[Selected bolt assembly M16- 23 I - l.é LBE D> E EFSH A -V ‘
s Length [mm] MI2Z-46 AT E— [mi6-28

L Bolt pattern 2 bolts/row 7| | M16-45 = Bolt
|| Reference Bottom of the beam = | | ma0-46 Selected bolt W16 - 150 4017 | =

Internal bolts distance [mm] 20,00 M22-46 Tipe Normal
Use last bolt-row for shear capacity only M24-4.6 Bolt grade S
1.Row v M27 - 4.6

Uttimate tensile strength [N/mm*2]

2Row v = Nut
3Row Selected nut M16 - 150 4034 -
4Row = £ Washer
1.Location [mm] 250,00 Washer at the head
2Lecation [mm] 180,00 Washer at the nut i
3.Location [mm] 94,00 Selected washer W16 - 150 7088 "=
4Location [mm] 40,00
Actions
Update location 35

han the minimum limit.
han the minimum limit.
han the minimum limit.

oK Cancel =
— i | New Insert Edit Delete: oK

5 Bolts x W] Bolt assembl x .‘
Ao & SH A S | ABewE © o S EFSE A -V !
12 - DIN 7380 # | Name M16 - 150 4017 M12-46 A | Name M16 - 8.8 |
M16 - DIM 7330 Diameter [rmm] 16,00 M16 - 46 = Bolt 1
M20 - DIN 7990 M20 - 456 [Selected bokt Ve | .

M22 - DIN 7990 R Type Normal

M24 - DIN =L M24 - 46 Bolt grade 8.8 -1
Ma7 - DIN Di | head di 26,75 g7 -46 Ultimate tensile st th [M, 2] 800,000

M30 - DIN 7930 iagonal head diameter [mm] X M0 - 46 imate tensile strength [N/mm*2] 800,000 ‘
M12 - DIN 6914 Head height [mm] 10,00 M12-10.9 Bl L ‘
M16 - DIM 6914 Gross cross-section area [mm*2] 201,00 M16-10.9 Selected nut M16 - ISO 4034 -
M20 - DIN 6914 Tensile stress area [mm*2] 157,00 M20-10.9 = Washer |

10




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 [

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
Vz,Ed [10.00  [kN
My,Ed [-10.00 [kNm
vy,Ed  [0.00 kN
Mz,Ed [0.00 kNm

Design resistances

Mj,y,Rd [34.91 [kNm
Nj,Rd 245.40  |kN
Vz,Rd _ [154.02 |kN

Limiting parts

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

Stiffness

Siini |10.9694 | MNm/rad

5] 10.9694 | MNm/rad
Classification System SEMI RIGID

Stiffness check |Mot ok

Design resistances

Mj,z,Rd [1.82 kNm
Vy,Rd 144.47 kN

Stiffness

Sj,ini [0.0885 [MNm/rad

5 0.0885 MNm,rad

e tRESULTS: ...

Unity checks

My, Ed/Mj,y,Rd 0.29
Mz, Ed/Mj,z,Rd 0.00
MEd/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/Mi,y,Rd + Mz,Ed/Mj,z.Rd 0.29

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

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

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

Engineer.
Properties Q=
Steel Connection (1) [-%E
Name Conn
Node M2
Type of loads Load cases -
Load cases L -
Frame type braced -
Connection geometry Single-sided
= Side ->[B3]
Connection type Frame bolted ~
End-plate v
Backing plate
Bolts v
Top haunch
Bottom haunch
Top stiffener

Bottom stiffener
Diagonal stiffener

Web doubler
Update stiffness
Calculation type Internal forces ¢
Output | Detailed -
Length for stiffness classification [m] 2,000

= Stiffeners

Between bolt-rows1 2
Between bolt-rows 2 3

Welds
Actions
Refresh 22>
Open Preview EE s

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:

1. identification of the active components in the joint being considered
2. evaluation of the stiffness and/or resistance characteristics for each individual basic component

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

12



Three steps

First step:

Definition of the
components

Columnwebin Columnwebin  Column web in
shear compression tension

N T—

-

—_— s

Second step:

Response of
the components

Stiffness coefficient ki of each component

Resistance Fra 0of Each component

Third Step:

Assembling of
the components

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

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

13
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In the following tables all different components are shown:

Component
Veq A—L
Column web panel
j O B P Beam or column
in shear L
7 | flange and web -
i N compression
~—V,
Ed FeEa _.
—l—— |
4
Column web
2 | In transverse B b | s 2
compression g: |ESAAIR Fiea =g
— . P in tension
A
A
L ] . ll—’F(-Ed F =
y tEd . 1
_C olumn web Ed. o T
3 |1in transverse Plate
tension 9 | in tension or
compression
A —> <
FeEd FeEd
A
< ] e FtEG
4 Column flange —
in bending Bolts W
10 |- : -+ —
in tension () Fieq
A’
End-plat
5 | in bendin 11 |Bolts ﬁﬁmm
g in shear P
Fv.Ed
F
Fiea Bolts T n.Ed
6 Flange cleat in bearing
in bending 12 | (on beam flange. Q
column flange.
T end-plate or cleat) l Fb.eq

14



13

Concrete
i1 compression
including grout

14

Base plate
in bending under
compression

Base plate in
bending under
tension

16

Anchor bolts
in tension

17

Anchor bolts
in shear

18

Anchor bolts
in bearing

19

Welds

Haunched beam

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

15
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4.1. General data

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

Steel connection

Name Conn

Node N2

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

Connected beams

Name  Cross-section Material Length Beg. node End node Type
[m]

Bl C51 - HE1408B 5235 2,000 [N1 N2 column (100}

B2 C51 - HE140B 5 235 2,000 N2 N3 column (100)

B3 C52 - IPE220 5 235 2,000 N2 144 beam (80)

Parts of connection: Side [B3]

Bolts

HName Bolt pattern 2 bolts/row

Internal bolts 80,00 |External bolts

distance [mm)] distance [mm)]

Length [mm] 50,00 |Reference 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
National 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.

16



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

1. Internal forces

NEd 0.00 kN
vz,Bd  [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:

0,91y wAy

pr,Rd =
\/§VM0
Shear area of the column:

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

v _ 0,9fywhy _ 0,9-235-1312
wpkd ‘/§VM0 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 Article 6.2.6.1

Column web in shear (Wwp,Rd/Beta) |160.21 kM
Beta 1.00
Ave 1312.00 |mm?

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:

. _ WRweberrcwetwe fywe W Kkwepbefrewetwefywe
(6-9)- Fc,wc,Rd - but Fc,wc,Rd <

YMo YM1

(611) beff = tfb + Zﬁap + S(tfc + S) + Sp

17
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sp=12+(15-+2-5) = 19,93

Above the bottom flange, there is sufficient room to allow 45° dispersion
Below the bottom flange, there is NOT sufficient room. Thus the dispersion is limited.

berr = 9,2 + 225+ 5(12 + 12) + 19,93 = 163,27mm

Table 5.4: B=1=>Table 6.3: ©=

1 _ 1

w=w; = —= . = 0,71
~Wwc . 2
J1+1,3(beff_c,wcAw) \/1+1,3(163,27—1312)
kwc =1
wkwebeffewetwefywe  0,711+163,27-7-235:103
Fc,wc,Rd = cifewe 2 = =190, 56 kN

YMo 1

In SCIA Engineer:

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

beff,cowc  |163.27  |mm
twic 7.00 mm
wl 0.71

w2 0.43

w 0.71

dwc 92.00 mm
hp,rel 0.55

D 1.00

ki 1.00

Foowe 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 Woi'fyb
6.21): F =—CRd — Py
( ) cfbRd (h=trpy  vYmo'(h—tgp)

. . 3 3, . -3 2
Mg = 2020 20510238 AN — 66975 cNmm = 66,98 kNm

h —tg, =220 —9,2 = 210,80 mm

Mcra _ 66975 kNmm
(h—tfp) 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 kMm
hb-tfb 210.80  [mm
Fc,fb,Rd 317.72  |kN

18



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

NM“'“-\-...
] -
G*HFTH ;
' Mo
I Frmg 4— "mé
]
e ] _..-"/j G*MFT.N ?M
O
I/
/
I

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

4Mp11,Rd

Frira = with:  Myi1pa = 0,25 % Lerra1tf fy/Ymo

2. Dbolt failure with flange yielding

o
% E'/

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

_ 2Mp12RatNY FrRd

Frora = o~ with: My ra = 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 Fr1rd, Fr.2,rd @and Fr3rdis the limiting tension strength value for the bolt row or bolt
group:

Ftrd = min (F1,1Rrd; FT2Rd; 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

Non-circular pattern

Circular pattern

Bolt row Bolt row Bolt group
Inner bolt row Inner bolt row Inner bolt row
i ] i
® || B w ﬁq ]éfli
- i I = JEIEE
5 [0 = LI
) Sl
- - - L X E}lj
| B— [ — L
End bolt row End bolt row End bolt row

5] |

Non-circular pattern
Bolt group

Inner bolt row

dl

[T
ii'l'ii
AINRIREAL
il

- il

End bolt row

I — j ;
\‘I ri—; * '
) ' I I
RIS w |
Ty !
U Ak
/_.-J"I‘ ) sl | -

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 Frr, of a T-stub flange

Prving forces may develop. ie. Ly =L No prying forces
Mode 1 Method 1 Method 2 (altemative method)
without AM (8n—2e, )M,
backjng FT.l.R{i = ﬁ FT.'..RCI = P "1""1".’1
lates m 2mn—e (m+n)
plates .
ith Frapg= — 2
Wik AM o +2M, o (8n—2e, )M, z; +4nM m
backing Fripa= piLRd op R Fripa= PiLR bp R
plates m 2mn—e,(m+n)
EAM I Ly HZF
Mode 2 FT:_?.& = pl2Rd R
m+n
Mode 3 Fripa= XF,

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

FT,1—2,Rd =

2Mp; 2 Ra
m
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Advanced Training — Steel Connection

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:

09f,,"As _ 0,9-800 MPa-157 mm®
Yu 1,25

Fora = =90432 N = 90,43 kN

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

fub 800.00 [N/mm?2
As 157.00 |[mm?
k2 0.90

Ft,Rd  |90.43 kN

Lb 38.80 mm

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

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:

e =30mm
08r, m e
Mo Bl ———TT
_ be—twe _
I o/ I row + + m=-——*—-08r—e
| | (see also EN1993-1-8 (Figure 6.8))
Ll m = (140 — 7)/2 — 0,812 — 30
T FIun
1 =26,9mm
(R
PR Y emin = 30 mm
I 26930 -,
™ <1,25-m=1,25-269 = 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 | Circular patterns Non-circular patterns
[‘Eﬂ:$ EEE]I.E. [ef:'.m ‘E'eﬁ.n:
[nner -
72 + a 7
bolt-row i 4m+ 1,25 i y
End The smaller of: The smaller of: The smaller of: The smaller of:
bolt ) 2mm dm+ 125 mm+p 2m+0,625¢+0,5p
ofi-row om + 2e 2m+ 0,625+ ¢ 2o +p e+ 0.5p
Mode 1: b1 = lagne but Lz = Lo Pl = Yhegee but Flam = 2lesg
Mﬂdﬂ 2 Eeil = [e':'.m: ZEE:'H = z-‘E'eﬂ'.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 mm+p
—-(2m +0,625e)
Other inner bolt-row 2nm 4m +1,25e 2p p
2mm 4m+1,25e m + 2m +0,625e +0,5
Other end bolt-row at end of column P P
mm + 2el 2m +0,625e + el 2el+p e1+0,5p
2mm am
End bolt-row adjacent to stiffener el+am - -
m + 2el
- (2m +0,625¢e)
Other end bolt-row 2mm am +1,25e nm+p 2m +0,625e +0,5p
Bolt-row between stiffeners 2mm m +a'm - (4m +1,25e) - -
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Advanced Training — Steel Connection

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 kM)

row m2U0 m2L [imit near stiff. U near stff. L

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

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

Row 1
lerr circular patterns: the smaller of:
2nm = 2*3.14*26,9 = 169,02
m + e = 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
leff circular patterns: 2mm = 2*3.14*26,9 = 169,02
let NnON-circular patterns: 4m + 1,25e = 4*26,9 + 1,25*30 = 145,10

Row 3
lerr circular patterns: the smaller of:
2nm = 2*3.14*26,9 = 169,02
m + e = 3.14*26,9 + 1930 = 2014,51

lett NON-circular patterns: the smaller of:
4m + 1,25e = 4*26,9 + 1,25*30 = 145,10
2m + 0,625e + e1 = 2*26,9 + 0,625*30 + 1930 = 2002,55

Row lett Circular lett nON-circular
patterns patterns
169,02 145.10
169,02 145.10
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:

Mviode 1: Lazy = Lamne but Lamy < Cotrp

Iiode 2: [!f_: = £-!‘f.b:

So this results in:

Mode 1 : lefr1 = leffnc but lefr1 < lefr, cp => lefr1 = 145.10
Mode 2 : |eff,2 = Ieff,nc => |eff,2 =145.10

Now we can calculate Mpi,1,rd @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
1

Mpl,l,Rd = Mpl,Z,Rd = 0,252 lefft}gfy/yMO = = 1227,5 kNm
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Advanced Training — Steel Connection

To decide which formula we are using for the calculation of Fr,1,rds and Fr2,rda 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 = tr + tp + twasher + (Nboit_nead + hnut)/2

=12+12+ 3,3+ (10 + 13)/2
=38,8mm

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

« _ 88m’Ag _8,8(26,9)*157
b ™ 14510-(12)°

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

(with np = number of bolt rows)

2 L,<Lj
= 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, p4 , this can be changed in the
connections setup > structural joints : ‘Use alternative method for Ft,1,Rd’

(8n—2ew)Mp11,Rd 8:30—26,75)-1227,5
Fripa = wllplikd . _( ) = 225,5 kN
[t 2mn—ey, (m+n) 2:26.9-30—6.75:(26.9+30)
Mode 2:
2Mp1a RA*N Y FtRd  2+1227,5+30-2:90,43
Frara = —2 = = 138,5 kN
e m+n 26,9+30
Mode 3:

FT,3,Rd = ZFt,Rd =2- 90,4’3 = 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 leff1 leff,2 Lb* Prying forces FT,1,Rd F,.2Rd FI,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

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 EM 1993-1-8 Article 3.6

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

Ft R Q] 43 kT

Lb 38.80 mm
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4.5.3.3.

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

determined from:

FT,wc,Rd =
YMo

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):

Column web in tension for the individual bolt rows

(see also EN 1993-1-8 : 2005; formula (6.15) — Ref.[1] )

Table 6.3: Reduction factor @ for interaction with shear

Transformation parameter f Reduction factor @
0 = s = 0.5 (] = 1
0.5 I} = 1 @ = o1+ 2(1=5(1—w)
B = 1 w = o
1 B < 2 @ = 1+ (B — 1) (w2— wy)
Vi = 2 @ = R
| 1
1= — W= —=—= .
‘\.'Il + I‘J(Z)gﬂ.c.wc rwc / ‘41r )h '\,‘Il + D‘z(bgﬂ.c.wc rwc ‘41»(‘ )
Ay 18 the shear area of the column. see 6.2.6.1:
yad 1s  the transformation parameter. see 5.3(7).
And:
Table 5.4: Approximate values for the transformation parameter p
Type of joint configuration Action Value of f#
Mb1 ,Ed
MM.Ed \
A\ )
) / Myirq B =1
7 rs
L
—"
Myiga = Mioza g=0 %
M M M M
b2,Ed b1Ed ' b2,Ed b1,Ed _ ) )
/ / N | Morea/ Myopa = 0 =1
Y ’ h) r/ Myigs /Mygs < 0 B =2
Mpiga + Myrgqa = 0 /J) = 2
#) In this case the value of £ is the exact value rather than an approximation.
In this example:
p=1
o = 1
1
w = W =

\/1 + 1'3(beff,c,wctwc/Avc)2
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AUC:A_Z.bc'th+(tWC+2rC).th

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

1 1

w = w = = =-=0,75
\l1+1r3(beff,c,wctwc/Avs)z J/1+1,3(145,10:7/1308)
wberftwetwefywe 0,75-145,10-7-235-1073
= Frwera = o ty T = 1
Mo
= FT,WC,Rd = 179 kN
In SCIA Engineer:
row beff,tbwc twc wl w2 o Ft,wc,Rd,i
1 145.10 7.00 0.75 0.49 0.75 178.95
2 145.10 .00 0.75 0.49 0.75 178.95
3 145.10 7.00 0.75 0.449 0.75 178.95
4.5.3.4.

Ft,fc,Rd of bolt rows considered as part of a group

ROW 1
Leit circular begin bolt-row = mm + pend = 3,14 * 26,9 + 70 = 154,51
Let noN circular begin bolt-row = 2m + 0,625e + 0,5p = 2*26,9 + 0,625 * 30 + 0,5 * 70 = 107,55

ROW 2

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

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

Left circular end bolt-row = tm + pend = 3,14 * 26,9 + 70 = 154,51
Lerf 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
Lerf non circular end bolt-row = 2m + 0,625e + 0,5p = 2*26,9 + 0,625 * 30 + 0,5 * 140 = 142,55

Summary:
Row let circular lett nON circular let circular lett nON circular let circular left nON circular
inner bolt-row inner bolt-row end bolt-row end bolt-row begin bolt-row | begin bolt-row
- - - - 154,51 107,55
210.00 105.00 154.51 107,55 224,51 142,55
- - 224,51 142,55 - -
In SCIA Engineer:
leff nc,g,inner leff.cp,g.end leff.ncgend leff.cpgstart  leff nc.g,start
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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Mode 1: %l = X lopine DUt Xlopra < X leprcp
Mode 2 : 2 leff,Z = 2 leff,nc

Row 1-1 : not considered, same as the individual bolt row.

Row 1-2:
¥ Lo ep = 154.10 + 154.50 = 309.02
Y loffne = 107.55 + 107.55 = 215.10
Mode 1 = Mode 2 : | = 215.10

0,25-215,1-12%-235-1073

Myi1,a = Mpi2pa = 0;252 lefft]gfy/]/MO = 1 = 1819,8 kNm

Prying forces may develop if Lo < Lo*

Lb =38,8mm
« _ 88mMPAg _ 88(269*157 , _
Ly = Slepst} b ™ 31510-(12)° 2 =145mm
(with np = number of bolt rows)
2 L, <L}
= Prying forces may develop
) _ (8n—2ey)Mpjird _ (8:30-26,75)18198
Mode 1: Fr,1 ra = 2mn—-ey,(m+n)  2:26.9-30—6.75:(26.9+30) 33513 kN
Mode 2: F __ 2Mpia RatNYFrRrd _ 2:1819,8+30:4-90,43 2547 kN
" "T.2Rd — m+n - 26,9+30 - ’
Mode 3: Fr3pqg = X Fipq = 490,43 = 361,7 kN
> FT,Rd = 254’, 7 kN
Row 1-3:
> legrcp = 15451+ 210.00 + 224.51 = 589.02
» legfne = 107.55 + 105.00 + 142.55 = 355.10
Mode 1 = Mode 2 : lef = 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 Lb < Lo*
Lo =38,8mm
« _ 88m’ A . __ 8,8(26,9)*157 Lo
T b ™ "35510-(12)° 3=131mm
(with np = number of bolt rows)
= L, <L}
= Prying forces may develop
. __ (8n—2ey)Mpi1ra _ (830-2:6,75)-3004,1
Mode 1: Fr,1 ra = 2mn—-ey,(m+n)  2:26.9-30—6.75:(26.9+30) 553,2 kN
Mode 2: Fy; g = 2Mpi2 RN Y FrRd _ 23004,1+30-6:90,43 _ 3917 kN

m+n 26,9+30
MOde 3: FT,3,Rd = ZFt,Rd =6 90,43 = 542,6 kN
= FT,Rd = 391, 7 kN

Row 2-3:
» lepfep = 22451+ 224.51 = 449.02
Zleff,nc = 142.55 + 142.55 = 285.10
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Mode 1 = Mode 2 : lgss = 285.10

0,25-285.1-12%-235-1073
1

Mpl,l,Rd = Mpl,Z,Rd = 0,25 z lefftjgfy/yMO = = 2411,9 kNm

Prying forces may develop if Lp < Lo*

Lo =38,8mm
« _88m*4s _ 88(2693157  _
Ly = Slepst} b ™ 78510-(12)3 2 =109,2mm

(with np = number of bolt rows)

= L, <L
= Prying forces may develop

(8:30-2+6,75)-2411,9

. _ (8n—2ey)Mpi1Rd _ _

Mode 1: Frpa = 2mn—e,(m+n)  2-26.9-30—6.75:(26.9+30) 444,2 kN
. 2Mpi2Ra*+N L Frra _ 2:2411.94306:90,43 _

MOde 2 FT,Z,Rd = man = 26,9430 = 275.5 kN

MOde 3: FT,3,Rd = ZFt,Rd =4- 90,43 = 361,72 kN
= FT,Rd = 275,5 kN

In SCIA Engineer:
For group of bolt-rows:

group leff1 leff,2 Lb* Prying forces FI,1,Rd FT,2Rd FI 3 Rd FtfcRdg
1- 2 215.10 215.10 144.71 W 334.34 254.68 361.73 254.68
1- 3 355.10 355.10 131.48 v 351.95 391.67 542.59 391.67
2- 3 285.10 285.10 100.18 Vv 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:
1 1
w = w = = -=0,61
Jl+1-3(beff,c,wctwc/Avc)2 J1+1,3(215,10:7/1312)
wb twefywe _ 0,61215,107:235-1073
=2 F — effitwctwclyw —
T,wc,Rd YMo 1
[ ]
= Frycra = 214,86 kN
Row 1-3:
1 1
w = w = = = = 0,42
J1+1.3(beff,c,wctwc/Ach J/1+1,3(355,10:7/1312)
wberfewetwefy, 0,42:355,10:7-235-103
= FT,WC,Rd — eff t;;:owc ywe _ -
=  Frwcra = 245,40 kN
Row 2-3:
W =W = L = L =-=0,50
J1+1.3(beff,c,wctwc/Avc)z \/1+1,3(285,1:7/1312)
S Fryera = @berftwetwefywe _ 0,50-285,10-7:235-1073
" YMo 1

= FT,WC,Rd b 234, 26 kN
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In SCIA Engineer:

befft,wc 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 0.50 234.26

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]).

4.5.4.1. General parameters

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

Row 1

ex = hendplate - hrow1 — diStanCEEndplate_under— IPE220_under

ex=305-250-15=40

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.

fyd Weld size
<240 N/mm?2 ar = 0.5ty
awz 0.5 tws
> 240 N/mm? arz 0.7 tw
awz 0.7 tws

af = O,S'tfb = 0,5'9,2:

m, = Top—e,—0,8-a-V2

4,6

=> ar = 5mm
(see also EN1993-1-8 (Figure 6.10))

m, = (305—220—15)—40—0,8-5-v2 =24,34
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A,

)

n=ep, =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
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fyd Weld size
< 240 N/mm?2 a2 05t
awz 0.5 tws
> 240 N/mm? arz 0.7 tn
awz 0.7 tws

a, = 05-t,, = 0559 =230

m = Jendplate™twe o, gg. 5.7 (see also EN1993-1-8 (Figure 6.10))

2

=%‘5”—30—0,8-3-\/_ = 33,66 mm
n=ep, =30mm
<1,25-m = 1,25 - 33,66 = 42,01mm

n =30mm
J
Ej * =
(]
Br o
= Iy}
% g %
S c
0.0
150 190 140.0
My rowz = €x —tr — 0,8 - ar V2
Marowz = (35 +22) —9,2 — 0,8-5-V2 = 24,74 mm
my rows = hrows — tr — 08" ar * V2
Marows = 35 +22) —9,2 — 0,852 = 24,74mm
Lo ™M _ 3366 _ .,
' m+e 3366+30
B L Myrows | 2474
Marowz = Aarows = 00 = 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 0.0+35.0 | 40(=e) 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:
row p(pl+p2) e ex m mx n A1U A2u al AlL A2L al
1 [o.00+0.00 30.00 40.00 24.34 3043 |- - - - - -
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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Advanced Training — Steel Connection

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 Bolt-row considered as
Bolt-row mdividually part of a group of bolt-rows
location Circular patterns Non-circular patterns | Circular patterns Non-circular
[eﬁ’.cp [Eﬁ‘_n: [Eﬁ’.cp Paﬁ'm [ef_[u.c
) ) Smallest of:
Bolt-row outside S;u;:?lest of dm, + 1.25e,
tension flange o e+ 2m,H0.625e, — —
TR, T W -
of beam 0.55;

oy + e -
® 0.5w+2m,+0.625e,

First bolt-row

. 0.5p +am
Bone otbeem | o e ~ om +0.6250)
I?;i:zfler dum 4m+125e » p
&Eﬁd Yum An+125e mmn+p 2m+0.625e+0.5p
Mode 1: logr1 = logrnc DUt Loz = lemg 2l =2 lomac but 3 Lemy = Y lemrp
Mode 2: Cem = Comrne 2 lezz = Lot

o should be obtained from Figure 6.11.

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

Bolt-row considered Bolt-row considered as part of a
Bolt-row classification individually group of bolt-rows
circular non-circular circular non-circular
2rumx 4mx +1,25ex
) imx +wW e +2mx +0,625ex
Bolt-row outside of beam -
Tumix + 2ex 0,5bp
- 0,5w + 2mx + 0,625ex
2 0,5p +am
Bolt-row adjacent to beam flange 2nm am nm+p
-(2m +0,625e)
Other inner bolt-row 2nm 4m +1,25e 2p p
Other end bolt-row 2itm 4m+1,25e nm+p 2m +0,625e +0,5p
2rmm am
Bolt-row at the end of stiffened
; . am - (2m +0,625¢e) +
extension adjacent to beam flange um + 2ex <
x
Bolt-row at the end of stiffened 2rtm 4m+1,25e 2ex+p ex+0,5p
extension away from beam flange nim + 2ex 2m +0,625e + ex nm+p 2m +0,625e +0,5p
Bolt-row between flanges 2nm  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
does not lie next to a beam flange

end-plate extension and

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 EM 1993-1-8 Article 6.2.6.3, 6.2.6.8
(effective lengths in mm, resistance in ki)

Bolt-row outside of beam

2 23.14 104.88 v

Bolt-row adjacent to beam flange

25.14 104.88 - V

Bolt-row adjacent to beam flange

45.4.2. Boltrows considered individually

Row 1 - Bolt-row outside of beam:
lef circular patterns = smallest of:
2mmx = 2*3,14*24,34 = 152,93
mmx +w = 3,14*24,34 + 80 = 156,47
nMx +2e = 3,14*24,34 + 2*40 = 156,47

letf NON circular patterns = smallest of:
4my +1,25 ex=4*24,34 +1,25 * 40 = 147,36
e + 2mx + 0,625ex = 30 + 2*24,34 + 0,625*40 =103,68
0,5bp=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 = 2zum = 2*3.14*33,66 = 211,49
let nON circular patterns: am = 5,77 * 33,66 = 194.22

Row 3 - Bolt-row adjacent to beam flange:
left circular patterns = 2zum = 2*3.14*33,66 = 211,49
lest NON circular patterns: am = 5,77 * 33,66 = 194.22

Row lett circular lest nON-circular
patterns patterns
152,93 70,00
211,49 194.22
211,49 194.22
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Advanced Training — Steel Connection

In SCIA Engineer:

1 152.95 70.00
2 211.47 194,10
3 211.47 194.10

And now from the bottom of Table 6.6:

Mode 1:

Coery = lprne bt (g = lunrgp

Mode 2:

Cemrr = Cotrne

So this results in:
Bolt-row 1:

Mode 1 : left,1 = lefinc but lera < lefr, cp
Mode 2 : |eff,2 = |eff,nc

Bolt-row 2 : Bolt-row 3 :

Mode 1 : lefr1 = leffnc but lesa < lefr, cp
Mode 2 : |eff,2 = |eff,nc

=> Ieff’]_ =70.00
=> Ieff’2 =70.00

=> |eff,1 =194.10
=> |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,2.Rd FT,3,Rd Ft,ep,Rd,i
1 70.00 70.00 164.77 v 122.17 122.10 180.86 122.10
2 194.10 | 194.10 157.04 v 233.51 136.83 180.86 136.83
3 194.10 | 194.10 157.04 J 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

45.4.3. Boltrows 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 = 7m + p = 3,14 * 33,66 + 140 = 245,73
Leff noON circular begin bolt-row = 0,5p + am — (2m + 0,625€) = 0,5*140 + 5,77*33,66 — (2*33,66 +
0,625*30) = 178,15

Row 3:

Left circular end bolt-row = mm + 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

letf circular
inner bolt-row

lett non circular
inner bolt-row

lett circular
end bolt-row

lett non circular
end bolt-row

lett circular
begin bolt-row

leff non circular
begin bolt-row

245,73

178,15

245,73

178,15

In SCIA Engineer:

row leff,cpg,inner leff, nc,g,inner leff,cp.g,end leff,nc,g,end leff cp,g,start  leff,nc g, start
1 - — - - - -
2 - - - - 245,73 178.03
3 - - 245.73 178.03 - -

Mode 1: ), leff,l = leff,nc but X leff,l <X leff,cp
Mode 2 : ), leff,z = leff,nc

Row 2-3:

Y lefrep = 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

) 0,25-356,29 - 12%-235-1073
Mpl,l,Rd = Mpl,Z,Rd = 0,252 l@fftffy/YMO = 1 = 3014’,27 kNm

Prying forces may develop if Ly < Lp*

Lo =38,8mm
« _88m*4As _ 88(3366)%157  _
b — Tlepst} b ™ 35629.(12)3 2=17116 mm
(with np = number of bolt rows)
= L, <L,
= Prying forces may develop
. __ (8n—2ey)Mpi1Rrd _ (830-2'6,75)3014,27
Mode 1: Fr pa = 2mn—-ey,(m+n)  2:33.66:30—6.75-(33.66+30) 429,42 kN
Mode 2: F. __ 2MpiaRdtNYFrRrd _ 2:3014,27+30:4:90,43 26516 kN
- fropRa = = = ’

m+n 33,66+30
Mode 3:Fy 3 pq = 3. Forg = 4 - 90,43 = 361,7 kN

= Frgpa = 265,12 kN

In SCIA Engineer:

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

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

D Fpoyppg = Lawbwhlywb _ 35699.59.235-1073/1

YMo

= FT,WC,Rd = 4‘93, 9kN

In SCIA Engineer:

group befftwb FtwbRdg
2- 3 3536.07 493,69
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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  FLfcRd,g  FLwGRd,i  FLwcRd,g  FhepRdi  FtepRdg  FLwbRdi FwbRdg  FtrRd

1 138.51 - 178.95 - 122.10 122.10
2 138.51 132.58 178.95 92.75 136.83 - 260.11 - 92.75
3 138.51 176.82 178.95 30.54 136.83 172.37 268.11 400.94 30.54

Z 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:

Mjra = Xy hyFir pa (EN 1993-1-8; 86.2.7.2 — Ref.[1])

Ft,min for each boltrow:

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 §6.2.7.2 (6) and (8)

The lowest value for the column web in tension, the column flange in bending, the end-plate in bending
and the beam web in tension has to be checked. All these values are higher than column web in shear,
which also have to be checked following §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 EN 1993-1-8 Article 6.2.7.2 (7)

Column web in shear (Vwp,Rd/Beta) 160.21  |kN
Column web in compression (Fcwic, Rd) 190.56 | kN
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.
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Advanced Training — Steel Connection

Fixrd =1.9F¢Rg
Fird.1
FiRrd2

- - ¥
Ftrd3

_..
FerdZLFiRa;

(a) Plastic distribution

+ Because Ford and Vg rd 2 Fura; therefore the
effective tension resistance (Frr4) is equal to the
potential design resistance (Frq.)

FD'::R{II =19 F'[Rd

—_—
FeRdZXFtRaj

(c) Triangular limit

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

h

_r

Fird = Fixra p

X

For the first boltrow Fird,1 = 122,10 kN.

The maximum value for bolt row 2 is: Fyrd,2 = Limiting resistance - Fira,1 = 160,21 — 122,10 = 38,11kN.

FbQRd <19 Ft,Rd
Firrd 1= F tRra,1

-— —

Fir ra,2=F tra2

— I

Ferda<Ftraa

—

Ferd <ZFiRd;
Fera= T trrai

(b) Modified plastic distribution

Because Fcprg andfor Vi ra < Fura,i therefore the
effective tension resistances (Fi.r¢) have to be
reduced starting from the closest bolt to the
compression centre:

Fiera > 19 Fira
Ftra 17 F rRa.1

Ftr,RR-Z
B T R
_ B
."“J
‘fllJ
./I
r"r‘
_ 7
_ 7
—>
Fera<LFira;

Ferd=EFgRag

(d) Triangular limit

Because Firq = 1,9 F gy the effective tension
resistance has to be reduced:
h
— T
Fyra = FixRd 7
hx
Because Fcprg andfor Vi rd < Fura,i the effective
tension resistances (Fr.rq) have to be reduced,
starting from the closest bolt to the compression
centre

And row 3 will not take any resistance because Ftra,1+ Ftra2 = Limiting resistance = 160,21 kN
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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:

1 122.10 0.00 122.10
2 92.75 24.65 38.10
3 30.54 30.54 0.00

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

1,9 Ftra = 1,9 * 90,43 kN = 171,82 kN
The formula Fyy gy < 1,9F, gq4 is fulfilled for all the rows.
So also no reduction in SCIA Engineer for the triangular limit:

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

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

So Mjrd 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

f i’ Bolts M
== Length [mm] 50
e Bolt pattern 2 bolts/row "
| Reference Bottom of the beam -
Internal bolts distance [mm] a0
Use last bolt-row for shear capacity only
1.Row v
2.Row v
3.Row
4. Row
5.Row v
1.Location [mm] 250
2.Location [mm] 180
3.Location [mm] 110
4.Location [mm] a0
5.Location [mm] 40
Actions
Update location S
-
| ok H Cancel [
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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] Fi [kN]
245,4 122,10
175,4 38,10
35,4 0

Mj rd = 245,4 * 122,10 + 175,4 * 38,10 = 36646 KNmm =36,64 KNm
In SCIA Engineer:

2.3. Determination of Mj,y,Rd
According to EN 1993-1-8 Artice 6.2.7.2 (1)

row _hrimm] _ Ft,r,Rd[kN]
1 24540 | 122.10
2 175.40 38.10
3 35.40 0.00

Mj,y,Rd = 36.65 kNm

4.7. Calculation of NRd

The value for Njrais calculated as follows:
If Nieais a tensile force, the Njrsis 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, Njra< Npira.

In our example the normal force resistance Nra Will be calculated as the minimum of the following 5
values:
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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 Ft,wh,Rd,g
356.07 493.69

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 Boltrow1
o Group of bolt row 2+3

For individual bolt-row:

70.00

70.00

For group of bolt-rows:

1 164.77 ¥ 122.17 122.10 180.86 122.10

2 194.10 194.10 157.04 v 233.51 136.83 180.86 136.55

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

1 - -

2 194.10 269.11

3 194.10 269.11

Bolts in Tension:

6 bolts and Frrd for one bolt = 90,43 kN
=2 6x90,43 kN = 542,58 kN

group leff,1 leff,2 Lb* Prying forces FT,1,Rd FT,2,Rd FI,3,Rd Fr.en.Rd.a
2- 3 356.07 356.07 171.21 < 428.37 265.12 361.73 265.12
And this results in: 122,10 kKN + 265,12 kN = 387,22 kN
Column Flange in tension:
This is calculated for the bolt group 1-3 for the Column flange:
For group of bolt-rows:
group leff,1 leff,2 Lb* Prying forces FT,1,Rd FI,2,Rd FI,3,Rd FfcRd,g
1- 2 215.10 215.10 144.71 v 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
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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 Artice 6.2.7.1 (3)

Column Web in tension (Ftwe,Rd) 245.40 kN
Beam Web in tension (Ft,wb,Rd) 493.69 |kN
Endplate in bending (Ft,ep,Rd) 387.22  |kN

kN

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

4.8. Calculation of VRd

Table 3.4 (En 1993-1-8):
avfubA

Ym2

Fv,Rd =

For classes 4.6, 5.6 and 8.8: av = 0,6
Fu = 800MPa
A is the tensile stress area of the bolt As

r_ fuhs _ 06800157 107
R e 1,25

=  Fyprd= 60,29 kN

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

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

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

b) (0,4/1,4) times the total design shear resistance of those bolts that are also required to
resist tension

4 bolts (row 1 and 2) are required to resist tension, 2 bolts (of row 3) are not required to resist tension.
The value 0,4/1,4 will be simplified in SCIA Engineer by the value 0,28:

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

3. Design shear resistance Vz,Rd

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

el,ep 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?
I1 (tension) 0.57

[2 (compression) 0.43

Vz,Rd beam 154.02 |kN
Vz,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

(- Standard EN Mame Standard EN

= C:OHHECUO” = Connection

Expert system -

.- Bolted diagonal Bolis EMN 1993-1-8: 3
Welds/stiffeners EM 1993-1-8: 4
= Structural joints EN 19 5,6

Welds/stiffeners onr s
i Structural joints £ General EM 1993-1-8: 5

‘- Hollow section joints Transformation of internal forces In axis

Ann ffnese check 3
E Equivalent T-stub 903-1-8: 0.2.4
Use alternative method for Ft,1,Rd | yes

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 Mzkd 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*Npird also 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 M:zEd
—

Bolt-row

=

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

The weak-axis moment resistance M;zrd Of the joint may be determined by:
M; , pa = Frara * 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_e centre of
compression y
1 Infinite Infinite | No b’%
- - b, +3p,
2 Infinite Infinite Yes 2o TP
6
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:

Fta,rd = MiNn [Fta fc,Rd, FtaepRd, Febfo,rd, (FtafctRd + Ftawbe,Rd)]
With:

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

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

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

For splice connections only Fraeprd and Febfh,ra COMpoNnent resistances are calculated for each side
and minimum resistance from the four components is taken as Ftard.

In SCIA Engineer:

6.2. Determination of Mj,z,Rd

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

Calculation of the weak-axis components may be seen in the following subchapters.

4.9.1.1. Column flange in bending

The component resistance Fua fc,rd for each bolt row is already calculated according to EN1993-1-8 Art.
6.2.6.4 in strong axis moment resistance Fii,rd. Since tension of weak-axis bending only concerns one
side of the connected member, the final weak-axis component resistance for each bolt Ftafcrd IS
calculated as Fticra 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 FfcRd,g F,fcRd Fra,fc,Rd
1 138.51 - 138.51 69.25
2 138.51 132.58 132.58 66.29
3 138.51 176.82 138.51 69.25

Fta,fc,Rd = 204.79 kN

4.9.1.2. End plate in bending

The component resistance Fwep,rd for each bolt-row is already calculated according to EN 1993-1-8
Art.6.2.6.5 in strong-axis moment resistance calculation as resistance Fieprd. 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 Fiaepra is calculated as Fep,rd, divided by two.

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

Bolt-row classification individually
circular non-circular
2mmx 4mx + 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
i 152.95 103.69

For individual bolt-row:

row leff,1 leff,2 Lb* Prying forces FT,1,Rd FT,2,Rd FI,3,Rd Ftep,Rd,i
1 103.69 103.69 111.24 < 180.96 132.51 180.86 132.51
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 Fen.h,rda 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

tio is the thickness of the beam flange

YMo is the partial safety factor for resistance of cross-sections
bc,fo,eff is the effective width of the component given as:

bepers = 05+ (twe + 21 + Th(tye + tep)) = 0,5tyc + 7. + 3,5k (b + tep)

But is not greater than:

by

bc,fb,eff = 2

For splice connections, this value is only calculated as:

bp
bc,fb,eff = o
Where:
twe is the thickness of the column web
trc is the thickness of the column flange
tep is the thickness of the end plate
I 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
tr

In SCIA Engineer:

6.1.3. Beam flange in compression

be,fb,eff 70,00 |[mm
k 1.00
Fcb,th,Rd 302.68 kN

4.9.1.4. Column flange in twisting

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

0,3 * b, * tfc(&

fi d = V3

ta,fct,Rd —

afe Y *VYmo

With:

bc is the width of the column

tic 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

4.9.1.5. Column web in bending

For determination of the design resistance of the bolt-line in tension for the column web in bending
Frawbc,rd the effective length of the web in bending bewoc is proposed to be calculated assuming a
maximum spread of 60° from the other bolts.

0'25 * beff,wbc * tvzvc * fyc

Fta,wbc,Rd = Y * Voo
With:
twe is the web thickness of the column web

Deft wbe is the effective length of the web in bending given as:

beff,wbc =3p1 + 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

In SCIA Engineer:
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6.1.5. Column web in bending

pl 210.00 |mm
p2 80.00 |mm
v 63.33  |mm
beff,whc 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 Mzeqdis present. If the
design bending moment Mzeqis zero, the number of bolts nt is 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 Foep,ra and column flange Fnctrd 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 Of @ beam the formula given by EN 1993-1-1 Article 6.2.6 (2) is
used, but the final resistance is multiplied by coefficient 0,5.

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

V,
LEdSl,O

Vy ra

Vz,Ed + Vy,Ed

<10
Vz,Rd Vy,Rd

In SCIA Engineer:

7. Design shear resistance Vy,Rd

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

Fb,ep,Rd 102.40 |kN
Fb,cf,Rd 102.40 |kN
Avy 2129.61 |mm?
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

JEd Ed
i

MijRrd is the desigh moment resistance of the joint, assuming no axial force
NjRrd is the axial design resistance of the joint, assuming no applied moment
N;eais the actual normal force in the connection

Mieqis the actual bending moment in connection

4.10.2. General unity checks

Assume following internal forces in this connection:

Nes = O kN

Vz,Ed =10 kN

Myed = 10 kKNm

Check M: M/Mrg = 10/36,65 =0,27 <1 => ok!
Check N: N/Nrd =0/245,40=0<1 => ok!
Check V: V/Vrd = 10/154,02 = 0,06 < 1 => ok!

In SCIA Engineer:

«HRESULTS::...

Unity checks

My, Ed/Mj,v,Rd 0.27
Mz, Ed/Mj,z,Rd 0.00
NEd/Nj,Rd 0.00
Vz,Ed/Vz,Rd 0.06
Wy, Ed/Vy, Rd 0.00
Vz,Ed/Vz,Rd + Wy, Ed/Vy,Rd 0.06
My, Ed/Mj,y,Rd + Mz, Ed/Mj,z,Rd |0.27
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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 ¢eq
between the connected members.

This moment-rotation characteristic defines three main properties:
- the moment resistance M;rd
- the rotational stiffness Sj
- the rotation capacity ¢cd

AM
i\'tsj,mi
Mj.Rc-— / Y 1
MJ‘Ed- V4l : i
A4 ;
S L 5 i
v H I/ 1
H i [
N Po
¢Ed (bXd ¢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
ki column web panel in Unstiffened: Stiffened:
shear 0,38 Ayc k, = oo
k1 = T
ka2 column web in Unstiffened: Stiffened:
compression
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single bolt-row)

_ 0,7 - beff,c,wctwc k2 =
2 dc
ks Column web in tension | yngiffened: Stiffened:
_ 0,7 - beff,t,wctwc k3 =
ka column flange in
bending (for a single 0,9 lesst?,
bolt-row in tension) R
ks End-plate in bending 0,9 lesrty
(for a single bolt-row in ST 3
tension)
ke Flange cleat in 0,9 losrts
bending 6= T 3
ke Flange cleat in 0,9 losrts
bending 6= 3
Ke Flange cleat in 0,9 losrts
bending 6= T 3
k1o Bolts in tension (for a kio =16 As/Ly

which the bolts bear)

ki1 (or K17) Bolts in shear 16 -1y - d*- fup
kii(or ky7) = ——F/———
E dM16
k12 (or Kas) Bolts in bearing (for i ) = 24 -ny ky ke d- fup
each component j on 12(07 k1g) = E

kis Concrete in Ec\[besslers
compression kis = 1275E
(including grout) '

K14 Plate in bending under kiy =
compression

kis Base plate in bending With prying forces Without prying forces
upder tension (for a 085 logst3 _ 0425- Lofst3
single bolt row in 8= 5 5= 3
tension)

kie Flange cleat in With prying forces Without prying forces

bending ki = 1,6 Ag/Ly ki = 2,0 A;/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

5.2.2. Calculation of the stiffness in detail

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

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

Beam-to-column joint with

Mumber of bolt-rows in

Stiffness coefficients & to

bolted end-plate connections tension be taken into accoumt
COmne foys oo By b R i
Single-sided e
Two or more ky: By Eg
One key; bes; by B ey
Double sided — Moments equal and opposite
Two or more ka; by
. One by by B, g Kes: Ko
Double sided — Moments unequal
Two or more k2 kg

Beam splice with belted end-plates

Mumber of bolt-rows in
tension

Stiffness coefficients &, to
be taken into account

Diouble sided - Moments equal and opposite

One

ks [left]; ks[nght]; ki

Two or more

kug

Base plate connections

Mumber of bolt-rows 1n

Stiffness coefficients & fo

tension be taken into accoumt
. COme ki3 kus: ks
Base plate connections Two or more ky3; kys and ks for each bolt
oW

For this connection (Single — sided), ki, k2, k3, k4 and kio has to be calculated, using the formulas of

Table 6.11 of EN 1993-1-8.

5.2.2.1.

_ 017 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 lex given for

this bolt-row in Table 6.4 or Table 6.5.

D eff,cp,q [ cp, g, end z g, enc eff,cp,o i
1 - - - - 154.51 107.55
210.00 105.00 154.51 224.51 142.55
3 - - 224.51 42.55 -
= beff,t,wc,rowl =
= beff,t,wc,rowz =
= beff,t,wc,row3 =
0,7-107,55-7
k3,row1 == - 5,73 mm
0,7-105-7
k3 ow2 = ——— =559 mm
0,7-14255-7
k3,row2 ==Y = 7,59 mm

54




k4[mm] k5[mm] k10[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
5.2.2.2. Column flange in bending: ka
0,9 lrrty
ke=—0s —
= lerris the smallest of the effective lengths given for this bolt-row given in Table 6.4 or Table 6.5.
0 - Cp, O i Cp,.d,end £ . 2nc CD i
1 - - - - 154.51 107.55
210.00 105.00 154.51 224.51 142.55
3 - - 224.51 42.55 - -
= leff,t,wc,rowl = 107,55
= leff,t,wc,rowz = 105
= leff,t,wc,rows = 142,55
0,9-107,55 -123
k4,row1 = 26,93 = 8159 mm
0,9:105 123
k4,row2 = T,‘ﬂ = 8,39 mm
0914255123
k4,row3 = T}):’ =11,39 mm
In SCIA Engineer:
4.1. Design rotational stiffness
According to EN 1993-1-8 Article 6.3
row k3[mm] k4[mm] k5[mm] k10[mm] 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
5.2.2.3. End-plate in bending: ks
0,9 lesrta
ks = 7‘”‘13
= letis 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 ALV A2vu au AlL A2L alL
1 |0.00+0.00 30.00 | 40.00 2434 | 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 21147 [ 194.10
3 21147 | 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
l - - -
2 - - 245.73 178.03
3 245.73 178.03 -
= |ef‘f, rows = 70
= |ef‘f, row2 = 178,03

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

row k3[mm]

55




Advanced Training — Steel Connection

= leff, rows = 178,03

0,9:70 -123

ks ow1 = “ZasnE 7,55 mm
0,9-178,09 123 _

k5,r0w2 = 7(33 66)3 - 7,26 mm
0,9-178,09 123 _

k5,row3 = W = 7,26 mm

In SCIA Engineer:

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

row k3[mm] k4[mm] k5[mm] kl10[mm] keff{mm]
7.35

1 5.73 8.59 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: k1o

k —16AS
10 — & Lb

= As the tensile stress area of the bolt As = 157mm?
= 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.

= Lp =t + tp + twasher + (Nbolt_head + Nnut)/2
=12+12+ 3,3+ (10 + 13)/2

=38,8mm
kio =16 22 =647mm
38,8

In SCIA Engineer:

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

row k3[mm] kd4[mm] k5[mm] k10[mm]
1 5.73 8.59 7.55 6.47 1.73
2 5.59 8.39 726 || 6.47 1.69
3 7.59 11.39 726 || 6.47 1.95

5.2.2.5. Equivalent stiffness

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

kerrr = 1/2&&) (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, k4, ks and kio.

1
keff,rowl =1 L T — =173
5,73 859 7,55 6,47

1
- keff,rowz =1 + 1 + 1 + i = 1:69
559 8,39 7,26 647
1
keff,row3 =1 1 1 =195
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

row k3[mm] k4[mm] k5[mm] k10[mm] kefflmm]

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,rowz h12’ow2 + keff,row3h12‘ow3

Z = =
“ Zr keff,rhr keff,rowlhrowl + keff,rowz hrowz + keff,rowShrow3

1,73 (2454)? + 1,69 - (175,4)* + 1,95 - (35,4)°
N 1,73 - 245,44+ 1,69 -175,4 + 1,95 - 35,4

_ 1586194

Zeq = 790 = 200,73 mm

The equivalent stiffness keq can now be determined from:

ooy = Zrestrtn) (see also formula (6.29) from En 1993-1-8 (Ref.[1]))

Zeq

_ 1,73-2454 4+ 1,69-175,4 + 1,95 35,4
eq 200,79

= 3,94 mm

And those values are also given in SCIA Engineer:

5] 10.97 MNm/rad
51 inj 10,97 MMM/ rad

z 200.73  [mm
mu 1.00

ki 2.48 mm
|2 8 70 mim

keg 3.94 mim

5.2.2.6. Column web panel in shear: ki1

0,384
kl — ﬁ p ve

z is the lever arm from Figure 6.15

Following option e) A more accurate value may be determined by taking the lever arm z as equal to
zeq obtained using the method given in 6.3.3.1.

=  Z=Zeq = 200,73 mm

B is the transformation parameter from 5.3 (7)
2 B=1
_ 0381312

k, = =2,48mm
1-200,79
In SCIA Engineer:
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5j 10.97  |MNm/rad
Sj,ini [10.97 MNm/rad

z 200.73 |mm
[TL 1.00)

ki ES Mmm
E 8.70 mm

keg 3.94 mm

5.2.2.7. Column web in compression: k2

— 0'7 beff,c,wc twc
2 dc
2 d=he -2 (ti+1rc) =140 -2 (12 + 12) = 92 mm
= beff = tfb + Zﬁap + S(tfc + S) + Sp

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.

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

0,7-163,3-7
k, = 02 = 8,70 mm

In SCIA Engineer:

5 10.97 MNm/rad
Sj,ini |10.97 MNm/rad
z 200.73 |mm

mu 1.00

k1 2,48 mm
k2 8.70 mm
Keq 3.94 mm

5.2.2.8. Design rotational stiffness

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

M
MRd _|
0.66 MRd _|
Sj,MRd
Sj,ini
S = Ezz1 _ E z*
T )

= z=200,73 mm

= uis the stiffness ration S;,ini / Sj
o IfMjed<Mjrd =>p=1
o If2/3 Mjrd < MjEd < Mjrd => p = (1,5 Mjed / Mj ra) ¥

Mijed = 10 KNm

Mij,rd = 36,65 KNm => 2/3 Mjrd = 24,43 KNm
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= u=1
= sz 521

MZik_i

210000 -(200,79)> _
Sj=— (1 1) - 107 = 10066 kNm/rad

-(2,48 8,70 3,94)

In SCIA Engineer:

] M/ ra

Si,ni10.97  |MNm/rad
z 200,73 |mm
mu 1.00

k1 2.48 mm
k2 8.70 mm
keqg 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: Lo El
Sj, rigid =8—2
Lb
. El
Sj, pinned = O.5L—b

b
For unbraced frames: L El
Sj, rigid = 25—
Lb
o El
Sj, pinned :O.SL—b

b

For column base joints:

El
Sj,rigid =15—=
J, 19 L

c

Sj, pinned = 0.5 El,
LC
with Ib the second moment of area of the
beam
Lo the span of the beam
lc the second moment of area of the
column
Lc the storey height of the column
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E the Young modulus

-
-
s
-
¥

’
#
. -,
i Semi-rigid
4
L

#
#

-
P
. Syini
S Pinned

*

>

m—— 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 Ls. But you can change
this value manually:

Properties 3 x
Steel Connection (1) EART:IY
Mode N2
Type of loads Load cases -
Load cases LC1 -
Frame type -
Connection geometry ingle-sided
= Side ->[B3]
Connection type Frame bolted -
End-plate v
Backing plate
Bolts )
Top haunch

Bottom haunch
Top stiffener
Bottom stiffener
Diagenal stiffener
Web doubler
Update stiffness

Calculation type Internal forces -
Qutput Detajled -
Length for stiffness cl...

= Stiffeners

Between bolt-rows1 2
Between bolt-rows 2 3

Welds
N
. (210000 )(2,772:107 mm*)

Sjrigia =82 =8 mn? = 23,28 MNm/rad

’ Lp 2000 mm

N 7 4
_ Ely _ (210000-—"-5) +(2,772:10” mm*) _
Sjpinnea = 05=2=0,5 v — = 1,46 MNm/rad

In SCIA Engineer:
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4.2, Stiffness classification

E 210000.00 N/mm-<

Ih 27720000.00 |mm?

Lb 2000.00 mm
Draced

53, rigid 23.28 MNm/rad

5i,pinned 1.46 MNm/rad

System SEMI RIGID

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

MNm
0.1200
0.1000 &
0.0800
0.0600
0.0400
0.0200 i
=4 Fpesas
_,—o"fﬂ/ﬂ
-/‘ff I —_—
0.0000. —— I Si.pigned
g 3 = 2 & & & = g 3 rad
S 3 8 8 S S 8 S = =
[=l = o = = = = o (= [=]

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:

- bolted beam-to-column

4 welded beam-to-column

i welded plate-to-plate

WIWIN|DN

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

Maa

2/3 Myag

> 0

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

Properties 7 x
Steel Connection (1) [-] %
X
Name Conn
Node N2
Type of loads *Load cases -
Load cases La -
Frame type braced -
Connection geometry  Single-sided
= Side ->[B3]
Connection type Frame bolted -
End-plate v
Backing plate
Bolts v
Top haunch

Bottom haunch
Top stiffener
Bottom stiffener
Diagonal stiffener

Web doubler
Update stiffness
Calculation type Internal forces -
Output Detailed -
Length for stiffness cl... 2,000

= Stiffeners

Between bolt-rows 1 2
Between bolt-rows 2 3
Welds

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

' ~  Properties 3 =

Hinge on beam (1) [ -] V& W
& x

MName H1
Position Begin -
ux Rigid -
uy Rigid -
uz Rigid -
fixc Rigid -
fiy Flexible -
Stiff - fiy [MNm/rad] 5,4847e+00
fiz Rigid -
Member B3
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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

Basic data

X
Functionality | Actions Unit Set Protection
Dynamics | A | |Z Monlinearity ~
Initial stress Initial deformatiens and curvat...
Subsoil Geometrical nonlineari
Maonlinearity v I
Stability Suppert nonlinearty/5oil spring
Climatic loads Friction support/Soil spring
Prestressing General plasticity
Pipelines Sequential analysis
Structural model v Dynamic Relaxation
BIM properties = Steel
Parameters Plastic hinges
Maobile loads Fire resistance
Autemated GA drawings Frame rigid connections W
LTA - load cases Frame pinned connections
External application checks Grid pinned connections
Property modifiers Boelted diagonal connections
Bridge design v Hollow section joints v
| 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.

B " MNonlinear functions

Aie #ERE | 2| & & &I Rotation

Mode : N2-[B3]

Mame
Type
Positive end
MNegative end
= Impulse
1 [rad,kMm]
2 [rad,kMm]
3 [rad,kMm]
4 [rad,kMm]
5 [rad,kMm]
6 [rad,kMNm]
7 [rad,kMm]

Node : N2-[B3]
Rotation
Free ~

Free ~

-0.0100
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Create new function " New |

Insert " Edit | Delete

fi [rad]

00359

_|-36.65

Properties n
Hinge on beam (1) & M V; 7
SE&»
MName H1
Position Begin -
» Rigid -
uy Rigid M
uz Rigid M
fixc Rigid -
fiy MNenlinear -
Stiff - fiy [MMNm/rad] 54847+ 00
Fun - fiy Mode : N2-[B3] -
fiz Rigid v
Member B3



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
M M s
g lapg
j.app
lower boundary
§ ¥ 4
& L b

When alinear 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, S ElppsS'E'Ib 10-Sj.app - E- I,
10-E-I, +Sj.app-L, ” L, 8-E-I, —Sj.app-L,
. 8- E-1
Si.app > ° >
Lb v e
Unbraced 24-Sj,app-E- 1, Sj.app < 24-E-T, 30-Sj,app-E- 1,
30-E-I, +Sj.app-L, T L, 24-E-1, —Sjapp-L,,
24 .E. o0
Si.app> - Ele
b

And for a column base connection:

Lower boundary Upper boundary

16-Sj.app-E -1, y 16-E-1I 20-Sj.app-E-1I_
—— Sj.apps —— .
20-E-I_+Sjapp-L, . 16-E-I. —Sj,app-L.
.- 16-E-I,
Sj.app:sT >
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with Ib
Lb
le
Lc
E
Sj.app
Sj,ini
Sj,low
Sj,upper
Sj

the second moment of area of the beam
the span of the beam

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

the Young modulus

the approximate joint stiffness

the actual initial joint stiffness

the lower boundary stiffness

the upper boundary stiffness

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 infiniy | MNm/rad
Stiffness modification  coef. | 2.00

5j,app infiniy | MNm/rad
5j,Jlower boundary 23.28 |MNm/rad
Sj,upper boundary infinty [ MNm/rad

§j,ini is 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
000 per /SJ{; wer
0.0300
0.0600
0.0400
0.0200 S
E
_—F"—'_Fﬂj
_f'—ff
0'0{}0?: e = e = el = w =) ') rad
S S = = s s = = 2! 2!
S S S S S S S S S S
= = = = = = = = = =

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 n = 2 for a beam-

column connection.

In SCIA Engineer we have:

66



Fiy

The stiffness taken into account in the calculation, thus: Sj,ini/n = 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 Erl,
10-E Iy + Sjapp Ly

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, 8-210000MPa-2,77E — 05 m*
L, 2m

Thus

= 23,3 MPa

8Elb

Siapp = 1095 < —-

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

_ 10 'Sj,app -E- Ib
8'E'Ib _Sj,app'Lb

10 -10'975% 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

5i,app

10.97 [MNm/rad

5j,Jower boundary

6.37 MMm/rad

Sj,upper boundary

25.92 |MNm/rad

5j,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
| Silgper
0.1000
0.0800
0.0600
0.0400
0.0200 = Sy loper
A FEE i E—
A [P
iﬁfﬁ__f
0.0000
g g =] =] g 8 b g Z Z
(=] = = = = = (=] (=] = =
= = = = = = = = = =

68



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:

any'ﬁw'VMz't
V2 fu " Ymo

with :
fy-the yield strength of the weaker part
fu-the ultimate tensile strength of the weaker part
Bw - the correlation factor
Ywmo - the partial safety factor for material
Ywm2 - the partial safety factor for welds
t - the thickness of the beam flange

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

V2360 1,00 hzomm

In SCIA Engineer:

5.1. Flange welds

Mj,y,Rd 36.65 | kNm

a 1.40

h 210.80 |mm

FRd 243.39 | kN

Mt,Rd 237.82 |kN

fu 360.00 | N/mm?2

By 0.80

minimum_af  [4.25 mm

ar 5.00 mm

Calculated from connection resistance

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

Mpa'y _ 3575-14 50,05

Vbra == = 022000092 ~ 0z108  237KN

With: Frd The design force in the beam flange
MRrad 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
vy = 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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_ byt fyp _ 110:9,2-235

Nipa = - 700 = 237820N = 237,82kN
With bt 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

= fu b V2 360-110.yz  eimm
With Fw The design resistance of the weld
bt The beam flange width
fu The ultimate tensile strength of the weaker part
Bw The correlation factor
™2 The partial safety factor for welds

In SCIA Engineer:
5.1. Flange welds

Mj,y,Rd 35.75 |kNm

a 1.40

h 210.80 |mm
FRd 237.43 |kN

Nt Rd 237.82 |kN

fu 360.00 | N/mm?2
B 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 Frd
does not take into account the connection moment resistance M;.rd, but direct design moment Med.

6.2. Calculation of aw

4+ Fi
4 Fi+1

12, o2

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'(‘tf+‘l?27)37tu and o, <—*
k By Y Y,
o = [ Nj 1
1 2 A \/E
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
v 10.00 kN
fu 360.00 N/mm?2
Bw 0.80
al 3.00 mm
a3l 3.00 mm
1 110.00 mm
2 168.40 mm
I3 40.05 mm
A 1477.40 mm2
I 13665133.83  |mm*
minimum_aw (a2) [1.00 mm
aw 3.00 mm

6.3. Calculation with the internal forces

In the previous chapters the calculation of 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

[E}- Standard EN
E- Connection
Expert system

- Bolted diagonal
Thickness

" Bolts

- Welds/stiffeners
i Structural joints

Mame
= Connection
Bolts
= Welds/stiffeners
E Welds
Minimum weld size [mm]

Weld size determination

Haunch weld size representation

Standard EN

EN1993-1-8: 3
EN1933-1-8: 4
EN1993-1-8: 4.5
200

Calculated using Internal forces

Length
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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
fub
t<0.36 | =d Ductile 1
fy
fub fub
0.36 | *2d <t<0.53 [2d |ntermediary 2
fy fy
foo .
t>0.53 |[-=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:

[ Type of foint J[ and piats o angha flange cleats connections

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.
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8. Extra options in SCIA Engineer

8.1. RHS beam

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

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

8.2. Column in minor axis configuration

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

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].

pA 54
4
-
. - b r — - —
+ |+
d___4_ - 1 -
‘ A section AA L 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.

N,

T

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”.

8.4.2. Multiple check of connections

Set view parameters for all

Set view parameters for selected
Cursor snap setting

Print/ Preview table

Table to document

1Bk & BER

Table to Engineering report

Wiew 4

-

B Copyadd data Conn
[_'[E Maove add data Conn

&f  Delete N

<\ Picture wizard
S s

With the option “Check” in the menu “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 | uc N | Stiffness
[-1 [-] [-1

Conn N2 LC1 B3 0,29 0,05| 0,00 |Not ok

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

Conn2 |[N9 LC1 B9 0,38 0,i5| 0,00 |Not ok

8.4.3. Expert system

For this option, an extra module is needed, more specific module esasd.07.

Open example CON_004.esa and go to the functionalities and activate the option “Expert system”:
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Project data

Basic data |Functionality| Actions Unit S5et  Protection
Dynamics = Steel
Initial stress Fire resistance
Subsoil Frame rigid connections v
Monlinearity Frame pinned connections
Stability Grid pinned connections
Climatic loads Bolted diagonal connections
Prestressing ion ini
Pipelines Expert system
Structural model v onnection monodrawings
BIM properties Scaffolding
Parameters LTE 2nd Order
Mobile loads ArcelorMittal

Automated GA drawings Girders with sinusoidal webs
LTA - load cases

External application checks
Property modifiers

Bridge design

| QK | | Cancel |

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:

2
Open Preview L
Save to expert database =

Load from expert database

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

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

Selection dialog *
MName Unity check  Position Source Bolt gra | oK |
Mo connection 0.00 - - Cancel
EHT1/B/IPE220/15/M16-10.9 0.14 + SCIA 10,9
IH3E/IPE2
IHTE/PE220/20/30 018 + DT 10,9
IH1E/IPE220/16/25 0.26 * DsTY 10,9
IH3E/IPE220/16/20 0.28 - DSTV 10,9

Calculated 3.8
Calculated 3.8

BC/B/IPEZ20/HET40E/12/M16-8.81 0.31 +
BC/B/IPE2Z20/HET40E/12/M16-3.8/1 0.43 -

< >

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

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
three dots behind the bolts.

87 Bolts

g Y e

M16 - 10.9 - HV
80,00

Selected bolt assembly

4 bolts/row

Internal bolts distance [mm]
External bolts distance [mm] 0,00
Use last bolt-row for shear capacity only
1.Row
2.Row
3.Row

< 9 9

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

It is possible to make automatic connection drawings in SCIA Engineer. To use this option, it is

necessary to select the functionality “Connection monodrawings”:

Project data >
Basic data |Functionality| Actions UnitSet Protection

Dynamics [« = Steel

Initial stress = Fire resistance =

Subsaoil [« Frame rigid connections W
Nenlinearity [« Frame pinned connections [«
Stability [« Grid pinned connections [«
Climatic loads [« Bolted diagonal connections [«
Prestressing [« Hollow section joints [«
Pipelines [« Expert system [«
Structural model W Connection monocdrawings W

BIM properties [« Scaffolding [«
Parameters = LTE 2nd Order =

Mohbile loads [« ArcelorMittal [«
Automated GA drawings [« Girders with sinusoidal webs [«

LTA - load cases = = Concrete

CADS composite checks [« Fire resistance [«
Bxternal application checks [« Hollow care slab [«
Property modifiers [« Code dependent deflection [«

ok || Cancd |

When this option is activated and you have one or more connections in the project, you can right click
on the screen and choose for the “Picture wizard”:
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Zoom all

Zoom by cut out
Set view parameters for all
Cursor snap setting

Print/ Preview table
Table to document

Table to Engineering report

Print picture
Picture to document
Picture to gallery

Save picture to file

BRSGED BEY 4 B DD

Copy picture to clipboard

Secreenshot into Engineering report

—
z I
—_a e

Live picture in scale into Engineering report

[ ] Live picture into Engineering report

ﬁlﬂ Wired model in view manipulations

@ Advanced graphic setup ...

II? Coordinates info

I‘\ Picture wizard

And choose to generate “Steel connections monodrawings”:

% Picture generation wizards

Generation wizard

Generate reinforcement schemes

Steel connections monodrawings

Description

Generator of pictures - drawings of steel connections

Preview

| et | | Close

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

snmen aatgl

And here all generated pictures can be found:
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[ Picture gallery O X

AIDE BB REE®R JBEEN &
Name Created M~ |Name |ConnZ[NS]End—pIate—>[BM] [l
- Conn1[Ng]<Front view Side->[B8 2005 08 16 17:10:31 20X Scale 1: 10
- Conn1[Ng]<Side view:> 20050816 17:10:31 200 Picture width [mm)] 112,000
= Conni1[N%Anchor 2005081617101 200 Picture height [mm] 82,000
- Connl1[MNg|Shear iron 20050816 171031 200 . .
- Conni[Ng]Base plate 200508 16 17:10:31 20 Display mode Wired .
[=--+~ Wizard “steel connections” - Conn View point
= Conn[M3]<Front view Side->[B11.2018 01 05 11:25:04 207 Lead units in regen. (related to...
- Conn[MN3]<Side views 201801 05 11:25:04 207 Text scale factor q
- Conn[MN3]Web dout_)ler . .201301 05 11:25:05 200 Charset of texts Western European, UK, USA { -
= Conn1[Ng]<Front view Side->[B8 2018 01 05 11:25:05 207
Conn1[Ng]<Side view> 20130105 11:2505  20° Line pattern length i i
+ Conn1[N3JAnchor 20180105 11:25:05 207 Display GCSicon Mone -~
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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
MNational 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 [85.18  |kN
My,Ed |-123.96 |kNm

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

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

Calculation Vwp.rd: Column web panel in shear

v 0.9fyAvc'
WpRd = T =
P \/§YM0

When a web doubler is used:

A\/C'= AIC + bStS

A, =A-2bt, +(t, +2n),

A, =13140 —2-280 -18 + (10.5+2-24)18

A, =4113mm?
A,'=4113 +172 -10.5 = 5919 mm?
~0.9-235-5919

vwp, Rd = =2 £ 792 _ 757 77KN
P 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?

Mote: 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

- kye e beff,c,wc “lwe fy,wc

W Ky p- beff,c,wc “lywe fy,wc
Fc,wc,Rd = but Fc,wc,Rd <

Ymo Ymo

And in SCIA Engineer:

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

beffcwc [249.83 |mm
fwc 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
Fcwe,Rd  |736.92  |kN

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

Calculation F¢.rd: Beam flange in compression

_ Mc,Rd
c,fb,Rd™
hb _tfb
M
Mg = —20 = 95 _ go5kNm
mo 0
Fo 655000 KNMM _ o
R 550 —17.2

In SCIA Engineer:

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

Fc,fb,Rd data

Section class |1

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

Calculation Fisc.rd: Column flange in bending

t, f,
F c,fc,Rd= (twc + 2rc + 7ktfc)

Ymo

Feiore=105+2-24+7 -1-18)% = 745kN

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

(Ft,fc,Rd) data
(FtfcRd) |745.75 |KN

k 1.00

Calculation Fiwcrd: Column web in tension

E _ pbeff twc fy

t,wc,Rd™
Vmo

t, =14t, =1.4-10.5=14.7mm
Dy =tg + 2\/§a+5(tfc + r)
by =17.2+2+/2 -9+ 5(18 + 24) = 252mm

P =P
P, = L — =081
befftwc
1+1.3 =
A
F g 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,we,Rd) [704.55 |kN

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

Calculation MRd : Design moment resistance

705 kN x 0.532 m = 375 kNm

In SCIA Engineer:
2.2. Determination of Mj,y,Rd
According to EN 1993-1-8 Artice 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 =1 _705kN
0.532



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

The value of the factor v 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 Ntrad:

Nt,Rd _ bf 'tfb' fyb
M,
|\|th =M:84QKN
’ 1.0

Fw = min ( Ntrd, y Frda) = min (849, 1.4 x 705)= 849 kN
The weld size design for ar, using Annex M of EC3
> I:w Vv ﬂW

f, b, -2

a, > 849000-1.25-0.8 _7.94mm

360-210-+/2

ay

We take ar=8 mm.

In SCIA Engineer

6. Design calculations
6.1. Flange welds

Mj,y,Rd 375.39  |[kNm
a 1.40

h 532.80 |mm
FRd 086.38 |kN
Nt,Rd 771.65 |kN
fu 360.00 |MPa
Bu 0.80

minimum af [6.35 mm
af 7.00 mm
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Calculation of aw

11, ol

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:

T T
,/Gf +3-i‘t? +‘tf ii* and o, <—%

Bw "YMW VI\IW

e M) L

P lA 20 )2

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

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

al 7.00 mm
a3 7.00 mm
11 210.00 mm
2 450.40 mm
13 75.45 mm
A 6854.20 mm?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 1l 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 Vrq (taking into account the present normal force N) and

the design compression/tension resistance Nrq are calculated.

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

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:
- design 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 [0.00 |kNm
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10.1.1. Calculation Design Shear Resistance VRd for Connection Element

Transversal section of the plate: A, =2- hpI T, = 3912mm? (2 plates)

Normal stress: o = Al = ;);1410 =-0,3681 %m )
pl
ty -hs

=106276mm*

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

A-f,  3912-235

V, = =

Rd1 )/MO\/§ 1,00\/§

fy w 235 106276
-] 2= |

Veaz = |22 — _(-0,3681
Rdz [ym 1,00 (=0,3681) 81,5

= 530 769N = 530,77kN

= 306 920N = 306,92kN

a
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?2
Av,net 3912.00 mm?2
W 106276.00 |mm?
a 82.00 mm
VRd - bending | 304.10 kN
VRd - 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’
- f
Shear Resistance : VRd = L = 259789 5N = 259,79kN
NER M,

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

Av 1912.76  |mm?2
VRd |259.52 kN

10.1.3. Calculation Compression/Tension Resistance NRd for connection
element

Area of the element : A =2-h,, -t =3912mm’

A -
Tension/Compression Resistance : N, = —2— =919320 N =919,32kN

VM,

In SCIA Engineer:
3.1. Design compressionftension resistance NRd for connection element

A 3912.00 |mm?2
NRd |919.32 kN
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10.1.4. Calculation Design Tension Resistance NRd for Beam

Area of the Beam : A =0.003910 m?

A-f
Tension Resistance : N, = — =835318 .18 N = 835kN

¥ ™,

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

A 3910.00 |mm?
NRd |918.85 kN

10.1.5. Weld size Calculation for Plate, Beam and Column

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

f f
,162+3-i12+r2is—“ and o; < —
1 1 2 B

wYM,, Tm,,

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: |, =h, —2-t,, =0.163 —2-0.012 = 0.139m
I =1, —Play =0.164 —0.01=0.154m

By EC3: fuw=360000000N/m? and pBw=0.8. The parameters are:
_(0.707 a1, +0577 -a-1,)-1

~104.10
0577 -a-1, +1.414 -a-1,
- 057731, — 0.30377
0577 -a-1, +1.414-a-1,
0.117-a-1?

w= . L =0.15603

0.117-a-1Z +0.577 -a-1, -h,
0.707 'a . Il — 0_3987

T 0.707-a- 1, +1.14-a-1,

L=10+9g=10+10410=11410mm

Shear force on one plate: D = % = 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

6-4M  T-N
Weld Check 1: =0, = — N
S T \/E-a-ler\/E-a-ll ten %nmz
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_6-D_ N
) =70,97 %nmz

\/0'12 +3'(le +rf)

Unity Check: : =0.63<1 andfi=0,35 <1
ﬂw 'yMW %MW
Weld Check 2:

___(-6)D _ N
7= Tt~ Vm

7, =[(1_“)' M, @-D)-N ] -7 9N/,

h-a-l, 2-a-l,

2 . a (2, 2
Jo! +3(; Hz)zo.assl and %1 =017 <1

f, f,
B 7w, 7m,
In SCIA Engineer:

5. Weldsize calculation
5.1. Weldsize plate/beam

Unity Check:

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=213kNm

Stress Calculation:

N M N D-L

o, =—T=—r——+—= + -154 3N
ot o2hal W 2.42.a0 2-\/§'a.hi' /nm2

6
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D _ N
2.a-l =768 A’]m2

\/0' +3- 2' +7 ) o
=0.75<1 - 1 _-042<1
/B “Iwm, Im,
In SCIA Engineer:

5.2. Weldsize platefcolumn

Unity Check:

Fu 360.00 [MPa
beta 0.80

a 11.00 mm
L 82.00 mm
D 259.52 (kN
N -1.43 kN
M 21.28 kINm
sigma,1 |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, node N2
for combination C1.

10.2.1.
Calculation Designh Shear Resistance
VRd for Connection Element

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

Ayner = A—#bolts * (t *d0) = 4512 — 4% 1218
= 3648mm?

Normal Stress: o, = % = % =-0,32 %m )

t-h?

Flexion Module : W =2 =141376 mm?®

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

The bolt holes are not taken into account when: A, ;,.; = y A > 3648 > 2945 OK

When 4, .., is less than this limit, an effective shear area of A, = f— Ay neemay be assumed, else 4, =
y
A

Design Shear Resistance:
A,-f,  4512-235

|74 = =
rdil )/MO \/g 1’00\/§
w _ [235 ] 141376

Vax =[] - 5 = [35- 0
raz = f a 1360

=612176N = 612,76kN

= 978488N = 978,49kN
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Vog = min(Vyg1; Voaz) = (612,76;978,49) = 612,76kN

In SCIA Engineer:

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

data
sigmal 0.00 MPa

A 4512.00 mm?2
Av,net 3648.00 mma2
W 141376.00 | mm?3

a 34.00 mm
VRd - bending |977.16 kI

VRd - shear 012.18 kN

10.2.2. Calculation Design Shear Resistance VRd for Beam
ShearArea: A, =A—2-b-t;+(t, +2-7) t; =3912 —2-120-10 + (6 + 2 * 15) * 10 = 1872mm?
Net Area : A, e = A, — #bolts per section - t,, - dy = 1872 — 2+ 6- 18 = 1656mm?
The bolt holes are not taken into account when: A, ;o = y - A, > 1656mm?* > 1222mm?* 0K
When A, .. is less than this limit, an effective shear area of A, = j:—y Ay ner May be assumed, else
An =4,

Design Shear Resistance:

_ Aprfy _ 1872235 _ _
Vha = s = “ygs = 253988N = 253,99kN

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

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

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?
V] i V| Q0
Moln Ip n- I I Ip-n n2
Where :  a = 0.0995m b=0094m ¢ = 0.0655m d =0.07m
2

Zr 295 662 = 0.036761m

Q =min (2- F, rq»min (Fb’Rd’p,ate; Fo rd peam ))=31740.8256N for two plates, where
06-f,-A

«F, =——%"==30144 N =30.1kN
Y Mb
25-a,-f,-d-t
o Fo rdsean = = 31740 .8256 N = 31.7kN
Y mb
with o, = min(e—l;ﬁ lf—b J 0.444
3d, '3d, 4 f,
2.5-05p f,
Fo R, plate =122867 .712N
7 Mb
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with o, = min e—1;£—1;]‘Lb;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 mm
el,bw 24.00 mm
pl 140.00 | mm
p2 131.00 |mm
ki plate 2.03
ki beam 2.03

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

Fb,el,Rd 99,94 kM
Fb,bw,Rd 58.09 kM
Fv,Rd 30.14 kN
data
a 99,50 mm

b 94.00 mm

d 70.00 mm

C 05.50 mm

Ip 36761.00 |mm?2
VRd |[124.28 kN

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:

f -A .
Veﬁ,Rd =2 vet with Av,eff =t Lv,eff
NER ¥ ™,
The values al, a2, a3 and Lv are defined as follows:
al //
g i//
-
1 [ L __/@
a|-3

! a2 |
We determined the effective shear area Av.tt as follows :

a, =50mm a, =165mm a; =50mm
L, =h—-a, —a, =240 —50 —50 =140mm
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: f
L, = mm(LV +a, +a3;(LV +a, +a, _n.do).f_u]
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 ( 2 0) fy ( ) 235
with k = 2.5 for 2 bolt - rows
Lo =min(L, + L, + L,;L,)=min(373,83;240) = 240mm

A =t |, 4 =6 240 =1440mm*

f .
Vett ra = \/%;A“f =195375N =195,38kN
VMo

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

Ant | 793.60 mm?2

Anv  |1016.80 [mm?2
VRd |[252.24 kN

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 .
Veff,Rd = \/%.Alyyeff with Av,eﬁ =n-t Lv,eff
MU

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

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

a3

|

N

Ty I
. ]

We determined the effective shear area Av.tt as follows :
a, =24mm a, =155mm a, =24mm
L, =hyjae— & — a3 =188 —24 — 24 =150mm

Ls=min[Lv+ai+as:(Lv+a1+ae—n-do)~%J

=min (188177,7)=177,7mm
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L, = min (a;;5- d, ) = min( 24;90) = 24mm

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

with k = 2.5 for 2 bolt - rows
L, o =min (L, + L, +L,; ;)= min( 342,51;177,7) =177,7mm

Ar =Nt |, =2-12-177,7 = 4264 8mm”’

fy ) A\/ eff
Ve rg = —=——" —578636,6N =578,64kN
\/§ *Ymo
In SCIA Engineer:
2.5. Design block shear resistance VRd - Connection element on beam side

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

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

Area: A=2-t-h=2.12.188=4512mnY
NetArea: A, =A—-2-t-2-d, =4512 —2.12-2-18 = 3648 mm*?
Compression Resistance :

A-f, 4512235

= = 1060320N = 1060,32kN
Yumo 1,00

Npq =

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

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

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-f, 0.9~Anet -fuJ

¥M, Ty

Tension Resistance : Ngq = min[

= mi [391120'0235 : 0.9- 31622 '36()) = min( 919320 ;958003 ) = 919320 N = 919,32kN

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

A 3910.00 |[mm?
Anet |3686.80 [mm?2
NRd 018.85 kM
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10.3. Bolted cleat connection

An example of this connection can be found in example
CON_0O11.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.

N joint

KK joint

| L
E 1
N R - - S ————
r

X joint TT joint
i

___ DY joint o XXjoint

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.
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Remaining members are marked as brace members. User may use for example type truss
diagonal with value of 90.

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 hrace 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".

In SCIA Engineer:
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1. Joint members info

Chord

Members B115, Bii6
Cross-section CHS219.1/12.5

da 219,10 mm
tp 12,50 mim
Material S 355

fy.0 355,0 MPa
Ag 8110 mm?2
Wel,y 397000 mm?
Wel,z 397000 mm?
Member B117

Cross-section CHS5139.7/5.0

d1 139,70 mm
t 5,00 mm
B4 45,00 deg
Material S 355

f1 355,0 MPa
A 2120 mm?2
Wel,y 68800 mm?3
Wel.z 68800 mm?
Member B125

Cross-section CHS5114.3/3.6

dz 114,30 mm
to 3,60 mm
8z 45,00 deg
Material S 355

fy2 355,0 MPa
A 1250 mm?2
Wel,y 33600 mm?
Wel,z 33600 mm?

11.1.2. Gap/ Overlap

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

configurations.

gap g

(a) Definition of gap

overlap ratio A,, = (g/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
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formulas for calculation of gap, overlap and also eccentricity are based on a CIDECT publication "Design
guide for circular hollow section (CHS) joints under predominantly static loading”, 2008:

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

Joint_configuration 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,y 0ecc = YN; 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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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,d 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

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 set to 1
however if two sides of chord is in compression are found, the moment caused by eccentricity
of braces is equally redistributed to both sides using coefficient 0,5.

Iy, moment of inertia for 1st chord side in compression
Li system length of the member on 1st chord side in compression
ly,G+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).

11.2.2. General scope and field of application

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

Following items are verified by SCIA Engineer:
General criteria for the joint members given by EN 1993-1-8 Article 7.1.1:

e The nominal yield strength should not exceed 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.

General field of application for joint members are given in EN 1993-1-8 Article 7.1.2:
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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 |f the overlap is larger than 60% in case hidden seam of the overlapped brace is not welded or
larger than 80% in case hidden seam of the overlapped brace is welded, a warning requesting
additional shear check is displayed.

e Where overlapping brace members have different thickness and/or different strength grades, the
member with the lower (ti*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/ty < 50 (generally), but:
compression | Class 1 or 2 and
10 < dp/ty < 50 (generally), but:

Braces tension di/t, = 50

compression Class 1 or 2
Overlap 25% < Aoy = Aoy jim., €€ 7.1.2 (6)
Gap gz t+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.

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

Location Result

Max limit[mm] Eccentricity[mm]

Min limit[mm]

Brace 1, Brace 2 [ -120,50 54,77 0,00 OK
[My,0.ecc 10,00 [ kNm

Chord  Position[m] Ratio[-] My, 0,ecc[kNm]

B115 3,000 0,50 0,00

Bi16 0,000 0,50 0,00

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

EN 1993-1-8 Article 7.1.1 (4)

f,i <= 355MPa

fi <= 460MPa

Member Property Value[MPa] Warning Max limit
limit Result Result

Chord fr0 355,0 - OK

Brace 1 fy,1 355,0 OK oK

Brace 2 fyo 355,0 OK OK

EN 1993-1-8 Article 7.1.1 (5)

f >= 2.50 mm

Member Property Value[mm] Result
Chord to 12,50 oK
Brace 1 t 5,00 OK
Brace 2 o 3,60 0K
EN 1993-1-8 Article 7.1.1 (5)

tg <= 25.00 mm

Member Property Value[mm] Result
Chord to 12,50 oK

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

Member Property Value[deg] Result

Brace 1 B 45,00 OK
Brace 2 82 45,00

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

Gap[mm] Result

Min limitfmm]

Location Max limit[mm]

Brace 1, Brace 2 | 8,60 150,00 39,49 OK
EN 1993-1-8 Article 7.4.1 (3) Table 7.1

0.20 <= di/do <= 1.00

Member Property Value[-] Result

Brace 1 dv/dg 0,64 0K

Brace 2 da/dg 0,52 0K

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

10.00 <= dy/tp <= 50.00

Class 1 or 2

Chord Loading effect Property Value Cross-section Result
B115 Compression do/to 17,53 OK 0K
Bi16 Compression do/tg 17,53 OK OK
EN 1993-1-8 Article 7.4.1 (3) Table 7.1

Class 1 or 2

Member Loading effect Cross-section

Brace 1 Compression 0K
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EN 1993-1-8 Article 7.4.1 (3) Table 7.1
difti <= 50.00

Member Loading effect Property Value[-] Result
Brace 2 Tension daftz 31,75 OK

11.3. Design resistance

The general criteria for steel member present in the hollow section joint are specified in EN 1993-1-8
Article 7.2.1 (1-2).

e The design values of the internal axial forces both in the brace members and in the chords at the
ultimate limit state shall not exceed the design resistances of the members determined from EN
1993-1-1. In order to check this the user should run steel check.

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

In SCIA Engineer:

6. Design resistances

Vi 8,76 -
Oped | 1233 MPa
Np 0,35 -
ko 0,86 -
fyo 355,0 MPa
o 12,50 mm
do 219,10 [ mm
kg 1,76 -

6.1. Brace 1

B: | 45,00 deg
dy [ 139,70 | mm
B |o0,58 -

di1 <= do - 2.00%tg

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

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

Chord face failure
Nipd | 987,19 | kN

Punching shear fai
Niad | 1919,48 kN

MNiprg = 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

DC - d -
My.1pd | - kNm
Mz1rd | 47,95 | kNm

Punching shear failure

My, 1.rd 78,03 kiNm
Mz, 1.nd 92,68 kINm

My,1,rd = 78,03 kNm

M_,1d = 47,95 kNm

6.1.3. Utilization

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

MN1ed / Nird

0,51

My, 1,64/ My, 1,d

0,00

Mz, 1.6d / Mz 1.rd

0,00

Nigd / Nopd + My 1ed/ Myapdl? + Mzed/ Mzapa

0,51

6.2. Brace 2

8, | 45,00 deg
d» | 114,30 | mm
B | 058 :
dr <= dp - 2.00%

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
Napd | 846,61 | kN

Punching shear fai
Napd | 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

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

Punching shear failure
My, 2.rd 52,24 kiNm
Mz,2.Rd 62,04 kINm

My,2rd = 52,24 kNm

Mz2,rd = 39,23 kNm

6.2.3. Utilization

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

MNagd / Nard

0,47

My.2ed/ My2rd

0,00

Mz,2.6d / Mz,2,rd

0,00

Nz,ed / N2,rd + [My,2,64/ My,2.rd]2 + Mz,2.6d/ Mz, 2,Rd

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:

N, My eal? My,
i,Ed + [ y,L,Ed] +| Z,l,Ed| <1
Nira [My;ra M, ra
With
Nied the design axial force
Ni Rd the design axial force resistance

My.iEd the design in-plane bending moment

My,iRrd the design in-plane bending moment resistance

Mz, Ed the design out-of-plane bending moment

Mz, rd 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 | M, 0.54] N | M. 0,E4|

Op,BEd —

Ay Wer 0 Weiz0

o No, Ea + | My 0,54 + | M..0,E4]|

0,Bd =

Ay Weiy0 Wei -0

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
Welz,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.

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

106



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.

* a3 % o

IN1_3pq| *sinfi_3  |Na_ypa| *sinfs_y4 1
NI,Rd *sin 8, 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*sSinBx 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, £d + Nright,Ed
2

fy,ﬂ * Aﬂ
YMs

No.pd =

Ny1o,ra =

Vo,ed = Maxz(|N1_3 pa| *sin€_3; | No_y pq| * sinfy_4)

Voi0,rd = fuo ™ Avo
!OJ - T =4
! \/3 *Yurs
2% A
AiJ,U = .
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
Nopl.0.Rd plastic normal force resistance of the chord
fy.0 yield strength of the chord material
Ao chord cross-section area
YMs 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 * ym2 % 4

a>2* * *
V2* fu ¥ yar0
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:
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8. Welds

Member tfmm] f,[MPa] f,JMPa] PBu acailifmm]  amin[mm]  a[mm]
Brace 1 5,00 355,0 490,0 090 | 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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