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1. Introduction

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

Most of the options in the course can be calculated/checked in SCIA Engineer with the Steel 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. Creation of a small example in SCIA Engineer

2.1. 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.

— L
Basic data | Functionality| Loads Protection
Séi:dlll | I" | Dynamics | = Steel
Engineer Initial stress Fire: resistance
Subsoil Connection modeller
Manlinearty Frame rigid connections v
Stability Frame pinned connections
Climatic loads Grid pinned connections
Prestressing Bolted diagonal connections
Pipelines Expert system
Structural model Connection monodrawings
BIM properties Scaffolding
Parameters LTB 2nd Order
Mabile loads ArcelorMittal
Automated GA drawinas
LTA -load cazes
Extemal application checks
Property modifiers
Bridge design
Customized design form
Qld style document

OK—|| Cancsl

The following options are available for connections:

Connection Modeller: With this option you can only model a connection and not run a
calculation of a connection. If you want to calculate the connection,

don’t activate this functionality!

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

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

Expert system:

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).

S/

2000
HE140B

-5,00
-5,00

v IPEVZZO vy

|-

2000

2000
HE1408

2.2. 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 a3 =
Steel Connection (1) | = \rﬁ \_|7
x ( 1 ' End plate @1
Name Conn
Node NZ | Name End
Type of loads Load cases - Material 5235 ~ =
Load cases el . Thickness[mm] 12,00 . -
Load case/Combination Al hd /_ Input Top/Battom/Left/Right T
Frame type braced - - Top [mm] 70.00
Connection geometry Simple T Bottom [mm] 15.00
= Side ->[B3] Left [mm] 15,00
Connection type Frame bolted - Right [mm] 15;D9ﬂ
|End plate | 7 Width [mm] ‘Ii...::
Backing plate Height [mm] 305,00
Balts
Haunch
Top stiffener
Bottom stiffener
Diagonal stiffener
Web doubler
Update stiffness | oK | | Cancel |
Length for stiffness classfication [m] 2.000
Weld B
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Afterwards we can also add some bolts and change them again by clicking on the three dots behind it:

Properties o x
Steel Connection (1) [~ NB Y ¢
\J. =
Name Cann
Node N2
Type of loads Load cases ¢
Load cases LC1 s
Load case/Combination Al b
Frame type braced s
Connection geometry Simple T
= Side ->[B3]
Connection type Frame bolted -
End plate v
Backing plate
[Bots 7]
Haunch
Top stiffener
Bottom stiffener
Diagonal stiffener
Web doubler
Update stiffness
Calculation type for loadcase/comb =
COutput MNormal -
Length for stiffness classification [m] 2,000
= Stiffeners
Between bolttows 12 v
Weld

rl " Bolts u1
Name
F | | Selectsd bokt assembly M16-8.8 -
A Length [mm] 50.00
— Bolt pattem 2 bolts/row -
Reference Bottom of the beam -
Intemal bolts distance [mm] 20,00
Exdemal bolts distance [mm] 20,00
1.Fow v
2 Row v
3 Fow
4 Row v
1.Location [mm] 250,00
2 Location [mm] 180,00
3.Location [mm] 54,00
4 Location [mm] 40,00
Actions
| Update location S5 |
ox

To check the connection, you have to click on refresh.
With the option “Results” you can have a short output of the connection:

-

B ' Steel Connection

Mame

M [kNm]
V [kN]

N [kN]
Check M
Check V
Check MN

Limit part

Beam

Check of stiffness

Limit part compression
Load case/Combination

Design moment registance Mrd [lcMm]
Design shear resistance Vrd [lkM]
Design nomal resistance MNrd kM)
Unity check M/MRd [

Unity check V/AVRd [

Unity check M/MRd = N/NRd []
Result of stiffness: 5 [MNm/rad]
Result of stiffness: 5jini [MNm./rad]

0,29

1,1602e+01

1.1602e+1
0 onn

LT REL

o
U,

oy
(RLLE

Connection satisfied
Connection satisfied
Connection satisfied
Mot applicable.

End plate in tension
Column web in shear
LC1

B3

Summary of the results shown in this window:

P




Name Name of the connection in SCIA Engineer

Designh moment resistance Mrd [KNm] Moment resistance of the connection

Design moment resistance Vrd [kKN] Shear resistance of the connection

Design moment resistance Nrd [KN] Normal force resistance of the connection

Unity check M/MRd Unity check of the moment

Unity check V/VRd Unity check of the shear force

Unity check M/MRd + N/NRd Unity check of the moment and normal force

Result of stiffness: Sj [MNm/rad] Stiffness of the connection at the moment Med

Result of stiffness: Sj,ini [MNm/rad] Stiffness of the connection for small moments

M [KNm] MEd of the connection

V [KN] VEd of the connection

N [kN] NEd of the connection

Check M Shows if the unity check for the moment check will not
exceed 1.00

Check V Shows if the unity check for the shear force check will not
exceed 1.00

Check MN Shows if the unity check for the normal force check will not
exceed 1.00

Check of stiffness Checks if the stiffness taken into account in the calculation
is between the boundaries of the real stiffness of the
connection.

Limit part Shows the limiting part for the tension component

Limit part compression Shows the limiting part for the compression component

Beam The check is done for the beam, shown here.

2.3. Check and update of stiffness

The check of stiffness is shown here as “Not applicable” because this check is not activated. You can
activate the stiffness check under the chapter “Connections Setup -> Frame bolted/welded -> Apply
stiffness classification check”

B ' Connections setup
El- Standard EN Name Standard EN
El- Connection 5 SrrreET

i General data

Frame bolted welded + General data

- Base plate | s ool il

Expert system Transformation of efforts In ads

Buolted diaganal Weld size of haunch Length

- Thickness Allowable relative emor for moments [%] [-] 5,00
Omitting weld in beff [FcRd] no
Include stress in column flange no
Capacity of beam flange Prof +Haunch
Uze attemative method for Ft.Rd,1 o
Always adapt stiffeners no
Always adapt weldsizes no
Vlyes
Use intemal forces for weld size calculation o
Use stiffeners in column web panel resistance no
lse last bolt only for shear capacity no
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With this check you can check if the stiffness taken into account in the calculation is between the
boundaries of the real stiffness of the connection.

More information about the check of the stiffness will be given further in this document.

To take into account the real stiffness of the connection in the calculation, you can activate the option
“Update stiffness” in the properties window of the connection.

Properties o x
Steel Connection (1) [-] %@ %
-
MName Conn
Mode N2
Type of loads *Load cases -
Load cases LC1 -
Load case/Combination Al -
Frame type braced -
Connection geometry Simple T
= Side ->[B3]
Connection type Frame bolted -
End plate v
Backing plate
Bolts )
Haunch
Top stiffener

Bottom stiffenar

Diagonal stiffener

Web doubler
:
Calculation type for loadcase/comb =
Output MNaormal -
Length for stiffness classfication [m] 2,000

= Stiffeners

Between boltrows 12
Between boltrows 2 2
Weld

Actions

If this option is activated, a hinge will be input on the connection with the stiffness of the connection
after reculating the project.

—_— L
Properties nox L
Hinge on beam (1) | = \_,E} v
A
Name | H1
Posttion Begin -
¢ Figid -
uy Rigid -
uz Rigid -
fix Rigid -
fiy Flexible -
Stiff - fiy [MNm./rad] 5,8012e+00
fiz Rigid -
Member B3

10



2.4. Connection does not satisfy the checks

If the check is not okay, this will be indicated by a red color as. When changing the load from 5 kN/m to

20 kN/m, the following result will be shown for this same connection:

r. Steel Connection - (;On-n; I :- -ﬁ

Mame Conn
Design moment resistance Mrd [lkNm]
Design shear resistance Yrd k]
Design normmal resistance Nrd [lkM]

Unity check VAR []

—_ Mg = O e = L

N

2
Result of stiffness: 5j [MNm./rad] ,6885%e+00
Result of stiffness: 5j.ini [MMNm,/rad] J1602e+01
M JMm] -40.00
W[N] 40,00
M N 0.00
Check M Connection MOT satisfied
Check V Connection satisfied
Checlk MM Connection MOT satisfied
Check of stiffness Mot applicable.
Limit part End plate in tension
Limit part compression Column web in shear
Load case/Combination L1
Beam B3

oK

|_| Cancel I_

In this case the Unity check for the moment and for the moment + normal force is not okay.

If the connection does not satisfy the check, you can see the limiting parts. So for this connection we
have to adapt or the endplate (for the tension side) or we have to stiffen the column web (for the

compression checks).

I will change the load again to 5 kN/m afterwards, because all checks are explained in the next chapter

using this example.

11
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3. Possible connections in SCIA Engineer

The design methods for the column-beam joints are taken from EN 1933-1-8. 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:

|

als

]
-

'W'}\_'

| I

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

Rolled | beam

RHS — Rolled hollow section

Built up I setion (made of a flat
and T section)

Symmetrical welded | section
(made of three flats)

Asymmetrical welded | section
(made of three flats)

| section with a haunch
(elements with variable height)

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 s
E il

2

Joint = web panel in shear + connection

™3

12

l 1- web panel in shear

2 - connection

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




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

Steel Connection (1)

(-] % ¥

Mame

Node

Type of loads

Load cases

Load case/Combination

Frame type

Connection geometry

= Side ->[B3]

Connection type
End plate
Backing plate
Balts
Haunch
Top stiffener
Bottom stiffener
Diagonal stiffenar
Web doubler
Update stiffness
Calculation type

E Stiffeners
Between bolt-rows 1 2
Between boltrows 2 3
Weld

Conn

M2

Load cases
Lc1

Al

braced
Simpla T

Frame bolted
e

for loadcase.//combinations

Length for stiffness classification [m]

2,000

Actions

Refresh

Open Preview

Results

Setup of all connections
Bolt assembly

In this document we will describe all checks in SCIA Engineer step by step based on EN 1993-1-8.

Ref.[1].

4.1. General data

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

Hame Conn
Hode M2
Connection type Frame bolied
Connection geometry Simple T
Connected beams Mame | CrossSection | Length Shape Beg End node Type FEM type Layer
[m] node
Bi Ccs1 - 2,000 | Lime M1 N2 column standard Layerl
HE140B8 (100}
B2 c51 - 2,000 | Lime N2 M3 column standard Layerl
HE140B8 {100}
B3 cs2 - 2,000 | Lime M2 N4 beam standard Layerl
IPE220 (BO)

13
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Type MName Bolts
Intemal bolts distance [mm] 50,00
External bolts distance [mm] 20.00
Selected bolt assembly M16 - BB
Length [mm] 50,00
1 Location [mm] 250,00
2 Location [mm] 150,00
4 Location [mm] 40,00
Bolt pattern 2 boltsimow
Bolt assembly Type Baolt assembly
Hame
Hame M16 - BB
Selected M16 - 1530 4017
baolt
Selected M16 - 150 7039
washer
Selected M16 - 150 4034
nut
Washer at o
the nut
Washer at =
the head
Nut grade
Bolt BB
grade
Uitimate 500,000
tensile
stren:
[Nimm™]
Type Mormal
Delta T7.00
[rmim]
Bolts Type Mame Balts
Mame M18 -
150
4017
Bore hole 18.00
[mm]
Diameter of 0,00
wrench
required for
bolt [mm]
Head diameter 2400
[mum]
Diagonal head 2875
diameter [mm]
Head height 10,00
[mum]
Gross 201,00
cross-sectjon
area [mm
Tensile s 157.00
area [mm®]
Diameter [mm] 16,00
Hut Type Mame Murt
Name M1G6 - IS0 4034
Diameter 24.00
[rim]
Diagonal 28,20
diameter
[rmm]
Height [mm] 13.00
Washer Type Mame Washer
Name M16 - 150 TDoe
Intermnal 17.00
diameter
[rim]
External 30,00
diameter
[rmm]
Thickness 3.30
[rmm]

14




Hame End

Material 5 235
Thickness]mm] 12,00
Top  [mim] 70,00
Bottom  [mim] 15,00
Left [mm] 15,00
Right [mm)] 15,00
Width [rmim] 140,00
Height [mm] 305,00

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

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

Partial safety factors

Gamma MO 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.

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

1.Ilnternal force s

LC1

H 0.00 kN
Vz 10.00 kN
Wy -10.00 kNm

Tension top

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, 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.

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 = \/§y
Mo

Shear area of the column:

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

15
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0,91y why _

0,9-235-1312

pr,Rd = \/§y
MO

In SCIA Engineer:

103 = 160,2 kN
V3-1 ’

2.1. Design resistance of basic components

2.11. Column web panel in shear ( EN 1993-1-§8 art. 6.2.6.1)
Column web in shear (Vwp,Rd) data

Column web in shear (Ywp,Rd) 160.21 kM
Beta 1.00

Ave 1312.00 mom*2

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:

‘kwe'b wetwefy.w ‘kwe'pb wetwe fyw
(69) FCWCRd = @ cPeff.cwe ny' c but chaRd < w c'PDeffcwe cfy. c
o ¥Mo T YM1
(611) beff = tfb + Zﬁap + S(tf(: + 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 = 9,2 + 2v2:5+5(12 + 12) + 19,93 = 163,27mm

Table 5.4: B=1=>Table 6.3: ®=

1 1
w=w; = - = — = 0,71
ZWCN2 . 2
\/1+1-3(beff,c,wc Avc) 1+1,3(162,3 1312)
kwc =1
wkyeb ‘twe'f; 0,71-1-162,27-7-235-1073
Fopypepa = ——oLLomeweyne - =190,7 kN

YMmo - 1
In SCIA Engineer:

2.1.2. Column web in compression (EN 1993-1-8 art. 6.2.6.2 )

Column web im compression (Fc,wc,Rd) data

Column web in compression (Fc,wc, Rd) 190.56 kM
beff,c,wc 163.27 mm
twc 7.00 mim
omega 1 0.71

omega 2 0.45

omega 0.71

kwic 1.00
lambda_rel 0.55
reduction factor for plate buckling 1.00

dwec 52.00 mim

16



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¢Rd Worfyb 285-103-235-1073
6.21): F = —GoRd_ — = =317,7 kN
( ) ofb.Rd (h—tspy  Ymo(h—trpy 1-(220-9,2)

. 103 3. 11073 2
Mc’Rd _ W;jvlj;yb _ 285-10°mm 2315 107 kN /mm = 66975 kNmm = 66,98 kNm

h —tg, =220 —9,2 = 210,80 mm

_ Mcga _ 66975 kNmm _
Ferpra = (h—tgpy  21080mm 317,72 kN

In SCIA Engineer:

2.1.3. Beam flange and web in compression (EN 1993-1-8 art. 6.2.6.7)

Beam flange in compression (Fc,fb,Rd) data

Beam flange n compression (Fc, fb Rd} IM7.72

gsection class
Mc,Rd 66.98 Kim

210.80 mm

hbo-tfb

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

E ] o —
| G*U.EF”- ;
> Moury
I Frmg 24— "mé
]
|y J,/j Q-Q8Froy 7"“"
y G

/

Ll

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

4M
_ pl1,Rd s
Frira = with: My ra = 0,25 % Lespatf fy /Yo

17
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2. bolt failure with flange yielding

: )
A4 LN )

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

__ 2Mpi2Ra*tN Y FtRa

Frora = min with:  Myiora = 0,25 % Lerr2tf £y /Yo

3. bolt failure

§ % || uEEBy,
] ' —
’ . Froa— Waa
[} |
' ' — adze
) ) L]
May = Mgy

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

Fr3ra = X Fira

And the minimum of Fr1rd, Fr2,rde and Frarqis the limiting tension strength value for the bolt row or bolt
group:

Ftra = min (Fr,1,rd; FT2,Rrd; F1.3,Rd)

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:

18



Circular pattern
Bolt row

Inner bolt row

fiy

Circular pattern
Bolt group

Non-circular pattern
Bolt row

Inner bolt row Inner bolt row

) 1]
» L] H'] | li
N b BLINE
kot [;? Al |'|' i
- [ ] lm.- ck]
S — —
End bolt row End bolt row

¥

-.k- Icil

1 [T

T
L
!ll

oy

=% |

A

—_

Non-circular pattern

Bolt group

Inner bolt row

End bolt row

Sy

1
. — — - 3

7y

;
L]
L n

APk

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 Fr g, of a T-stub flange

Prying forces may develop. i.e. Ly =L, No prying forces
Mode 1 Method 1 Method 2 (altemative method)
without M (8n—2e, )M,
backjng FT.]..R{". = ﬁ _F'-].—_-_le = P 'I'R.d
lates m 2mn—e, (m+n)
plates .
ith Fpope= — 22
e M i ps +2M g (8n—2e, )M, 4 +4nM m
backing Friza= PiLRd bp Rd Fripa= PiLR bp Rd
plates m 2mn—e, (m+n)
EAM 1 Ly HZF
Mode 2 Frygs= plL2RA tRd
m+n
Mode 3 Fripa= 2F, 34

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

Fri_s2ra =
1-2, m

2Mp; 2 Ra
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45.2. Bolts info

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

_09f,,"As  0,9:800 MPa-157 mm?

Fipa = =90432 N = 90,43 kN
' Yu 1,25

2.1.4. Design tension resistance of boltrow

FL,Rd data
fub 500.00 MPa
As 157.00 mm*2
k2 0.80 -
Ft,Rd 90.43 K
Lb 38.80 mm

Mote: The bolt-rows are numbered starting from the bolt-row farthest from the centre of compression
as specified in EN 1993-1-8 Aricle 8.2.7.2 (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
[ T
bt
) row 1 m=—-—"=—-08r—e
| | (see also EN1993-1-8 (Figure 6.8))
l b e m = (140 -7)/2-0,8-12 - 30
T FIr:
1 =26,9mm
T
P emin = 30 mm
,L 269 30 n=emnm
- <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:
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row p (pl1+p2}) alpha e el m n
1 0.0+35.0 - 30.040 1860.00 25.540 30.040
2 35.0+70.0 - 30.00 - 26.890 30.00
3 T0O.0+ 0.0 - 30.00 1930.00 26.940 30.00

To calculate the column flange, we need to choose between the effective lengths of an unstiffened

column flange (Table 6.4 En 1993-1-8 - Ref.[1]) or for the effective lengths of a stiffened column flange
(Table 6.5 EN 1993-1-8 - Ref.[1]).

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

Unstiffened column flange

Stiffened column flange

So in this example the following table is used for the calculation of the effective lengths:

Table 6.4: Effective lengths for an unstiffened column flange

Bolt-row considered Bolt-row considered as
Bolt-row  |individually part of a group of bolt-rows
[Location |Circular patterns  [Non-circular patterns | Circular patterns Non-circular patterns
E—Eﬂ'.m EEEIIJ.’. Eefim ‘Eeﬁ'.n:
Inner -
7 + ¥ o)
lbolt-row = 4m +1.25e = ?
End The smaller of: The smaller of: The smaller of: The smaller of:
boli-row 2mm 4m + 125 am+p 2m+0,625e+05p
oH-Tow o+ e 2m+0,625e+ g 2e; +p e +035p
Miode 1: Lez1 = legne bt Loy = Lieg Pher = Plegee but Fls = Ylag
Mode 2: Eef.z = E:r:-in.c ZEE:'IE = z-{'eﬁ'_n:

First we choose for each bolt row the location.
In this example:

Row 1 and Row 3: End bolt-row
Row 2: Inner bolt-row

And the same is shown in SCIA Engineer:
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2.1.4.1. Column flange

According to EN 1993-1-8 Article 6§.2.6.3, 6.2.6.4
(effective lengths in mm, resistance in kN

row Bolt-row location
1 Otherend bol-row
Otherinner bolt-row
3 Otherend bol-row
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
mm + e1 = 3.14*26,9 + 1860 = 1944,51

lett NON-circular patterns: the smaller of:
4dm + 1,25e = 4*26,9 + 1,25*30 = 145,10
2m + 0,625e + e1 = 2*26,9 + 0,625*30 + 1860 = 1932,55

Row 2
lest circular patterns: 2nm = 2*3.14*26,9 = 169,02
left NON-circular patterns: 4m + 1,25e = 4*26,9 + 1,25*30 = 145,10

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

lest 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 leff NON-circular
patterns patterns
169,02 145.10
169,02 145.10
169,02 145.10
In SCIA Engineer:
row leff,cp,i leff, nc,i

1 169.02 145,110

2 169.02 145.10

3 169.02 145,110

And now from the bottom of Table 6.4:

hiode 1:

by = Cowee but

by = Cary

iode 2

Lizx = Gaa
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So this results in:

Mode 1 : lefr1 = leffnc but lerr1 < lefr, cp => lerr1 = 145.10
MOde 2 |effy2 = Ieffync => Ieffvz = 14510

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

Mpi1,Ra = Mpi2,ra = 0,252 lefftfzfy/)/Mo = 1 = 1227,5 kNm

To decide which formula we are using for the calculation of Fr,1,rd and Fr2,rs 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 + (Nbolt_nhead + hnut)/2

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

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

« _ 88m’Ag _ 88(26,9)%157

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

(with np = number of bolt rows)

= L,<L}
= Prying forces may develop

=

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

Mode 1:

Fropa = — 228 = 22208 — 1825 kN
Mode 2:

Fropa = 2Mpl,z,1;dl:zzpt,Rd _ 2-12272,2:33:;-;-90,43 — 1385 kN
Mode 3:

FT,3,Rd = ZFt,Rd =2 90,43 = 180,9 kN

Frfcra = 138,5 kN(smalles of the three modes)

All those results are shown in SCIA Engineer:

For individual bolt-row

row leff, 1 leff, 2 Lb* Prying FT,1,Rd FT,2 Rd FT,3 Rd Ft,fc,Rd,i
forces
1 145 .10 145.10 107 .26 I 182.53 138.51 180.86 138.51
145.10 145.10 107 .26 s 182.5 138.51 180.86 138.51
3 145.10 145.10 107 .26 rs 182.53 138.51 180.86 138.51

The value for Lb was given already in the data of the bolts itself:
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Ft.Rd data
fub &00.00 Mfmm*2
As 157.00 mm*2
kZ 0.90 -
Ft.Rd 90.43 Kl
Lb 38.80 mim

4.5.3.3.

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

determined from:

Column web in tension for the individual bolt rows

Froporg = S2efbtwetwelywe  (soq ais0 EN 1993-1-8 : 2005; formula (6.15) — Ref.[1] )

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):

Table 6.3: Reduction factor @ for interaction with shear

Transtormation parameter f

Reduction factor @

5

130t/ 4,)

0 = 5 < 0.5 @ = 1
0.5 - B < 1 @ = 01 +2(1 =51 —wy)
;) = 1 @ = 1
1 < B < 2 @ = wy + (F— 1) (02— q)
B = 2 o = o

1 1
W = wy =

V520 et/ A,

A 1s  the shear area of the column, see 6.2.6.1:

i is  the transformation parameter. see 5.3(7).
And:
Table 5.4: Approximate values for the transformation parameter g
Type of joint configuration Action Value of f
b1,Ed
Mh1.Ed \
N\ l
? ) '/-" My1Ea B =1
/
4
LA
My1pa = Migd =0 %
M M M M
b2,Ed b1,Ed ' b2,Ed b1,Ed _ _
/ / N |Morea/ Myoes > 0 B =1
| % %\ (! L)
\ s A r -r/ My1pa /Muypa = 0 B =2
Myiga + Murga = 0 ;8 ~ 2
*) In this case the value of £ is the exact value rather than an approximation.
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In this example:

1

p=1
o= M1
w = W, =

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

Ape =A—=2-be tre + (tye + 27,) “ tr,

Aye =4300—2-140-12+ (7 +2-12)-12 = 1312 mm?

1

1

w = wl = = > = 0,75
J1+1’3(beff,c,wctwc/Avc)2 /1+1,3(145,10-7/1312)
& Fppopg = @befftwetwefywe _ 0,7514510-7-2351073
e YMo 1
= FT,WC,Rd == 179 kN
In SCIA Engineer:
row beff,t,wc omega 1 omega 2 omeg a Ft,wc Rd,i
1 145.10 0.75 0.45 0.75 178.85
2 145.140 0.75 0.45 0.75 178.85
3 145.140 0.75 0.45 0.75 178.85
4.5.3.4. Ft,fc,Rd of bolt rows considered as part of a group
ROW 1

Lett circular begin bolt-row = 7m + pend = 3,14 * 26,9 + 70 = 154,51
Left non circular begin bolt-row = 2m + 0,625e + 0,5p = 2*26,9 + 0,625 * 30 + 0,5 * 70 = 107,55

ROW 2

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

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

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

Summary:
Row lett circular left nON circular left circular leff noN circular letf circular lett 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 - -
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In SCIA Engineer:

row leff,cp,g,inner leff,nc,g,inner leff,cp,g,end leff,nc,g,end leff,cp,g,start leff nc,g,start
1 - - - - 154.51 107.55
210.00 105.00 154.51 107.55 - -
3 - - 224.51 142.55 - -
Mode 1 : Z leff,l = Z leff,nc but Z leff,l < Z leff,cp
MOde 2 Z leff,Z = Z leff,nc
Row 1-1: not considered, same as the individual bolt row.
Row 1-2:
Y leff,p = 154.10 4+ 154.50 = 309.02
¥ loffme = 107.55 + 107.55 = 215.10
Mode 1 = Mode 2 : leff = 215.10
0,25-215,1-122%-235-1073
= 1819,8 kNm

Mpi1,ra = Mpi2ra = 0'252 lefftjgfy/yMO =

Row 1-3:
» legrcp = 15451+ 210.00 + 224.51 = 589.02

Y loffne = 107.55 + 105.00 + 142.55 = 355.10
Mode 1 = Mode 2 : lef = 355.10

0,25-355,1-122-235-10 73

1

Myi1pa = Mpi2.pa = O'ZSZlefftfzfy/yMO = 1

Prying forces may develop if Lo < Lo*

Lb =38,8mm
Row 1-2:
« _ 88m’ A . __8,8(26,9)*157 o
T b ™ 31510-(12)° 2 =145mm
(with np = number of bolt rows)
= L, <Ly
= Prying forces may develop
Row 1-3:
« _ 88m’ A . __ 8,8(26,9)*157 Lo
Ly = 3 lefst} b ™ "35510-(12)° 3=131mm

(with np = number of bolt rows)

2 L, <L,
= Prying forces may develop

Row 1-2:
Mode 1: Fr 4 gq

_ AMpriRd _ 418198
26,9

= 270,6 kN

m

_ 2MpioRatNYFtRra _ 2-1819,8+30:4-90,43

Mode 2: Fr ra m+n 26,9+30
Mode 3: Frgpa = X Fopa = 490,43 = 361,7 kN
= FT,Rd = 254, 7 kN

26

= 254,7 kN

= 3004,1 kNm




Row 1-3:

_ 4MpL1,Rd

4-3004,1

MOde 1 FT,l,Rd = m = 26,9 = 4‘4‘6,7 kN
2M +nY F, 2:3004,1+30-6:90,43
Mode 2: Fy p pg = pt2RAMEFLRd * =391,7 kN
e m+n 26,9430
MOde 3. FT,3,Rd = ZFt,Rd =6 90,43 = 54’2,6 kN
o Frpqg=391,7kN
In SCIA Engineer:
For bolt group
group leff, 1 leff,.2 Lb* Prying [ FT,1,Ra | FT,2,Rd | FT,3,Rd | Ft.fc,Rd,9
forces
1- 1 145.10 145.10 107.26 ' 182.53 138.51 180.86 138.51
- 2 215.10 215.10 144.71 7/ 270.59 254 .68 361.73 254 .68
- 3 355.10 3§5.10 131.48 /7 44871 391.867 §542.59 391.67
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
\/1+1r3(beff,c,wctwc/Avc)2 J1+1,3(215,10:7/1312)
_ Wbesfrwetwefywe _ 0,61:215,10-7-235:1073
= FT,wc,Rd - . - 1
YMo
[ ]
= Fruwcra = 215 kN
Row 1-3:
1 1
W= W = = =-=0,42
J1+1.3(beff,c,wctwc/Avc)2 /1+1,3(355,10-7/1312)
__ wbesfrwetwefywe _ 0,42:355,10-7-235:107°3
= FT,WC,Rd - - 1
YMo
= FT,WC,Rd = 24‘5 kN
In SCIA Engineer:
group beff,t,wc omega 1 omega 2 omega Ft,wc,Rd, g
1- 1 145,10 0D.75 0D.49 0.75 178.95
1- 2 215.10 D.61 D.36 0D.61 214 .86
1- 3 355.10 0D.42 0D.23 0D.42 245 40
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]).
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45.4.1. General parameters

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

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

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

Row 1

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

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

af = O,Stfb = 0,59,2=4,6 => af = 5mm
m, = Top—e,—08-a-V2 (see also EN1993-1-8 (Figure 6.10))
m, = (305—220 —15)—40—0,8-5-v2 = 24,34

‘ - B min

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

n=30,42mm

w =80 mm
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Row 2 and Row 3

Using Figure 6.11 of the EN 1993-1-8

8 7 6 5 4,5
4,

1.4 2n 5,5 4,75 45
il
1,2 l \ \
Il
HIN
NN
IRENY
IRIRYA
\ \
NN
A
\ AN\
4,45
. SN
? 0 0.1 02 02 04 05 08 07 0.8 0.:
E——
+ || +
1= Jm;
. — |+
Pp— /
‘ e | .m |l
e =30 mm
fyd Weld size
= 240 N/mm? arz 0.5t
awz 0.5 twy
> 240 N/mm? arz 0.7 tp
awz 0.7 tw

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

m = ZendplaeTve_ o _0g8.q.v2  (see also EN1993-1-8 (Figure 6.10))

m=%‘5r9_30_0,g-3-ﬁ =33,66 mm

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

n=30mm
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J
o ¥
r~ =
(]
Bro
= iy}
v g %
3 c
0.0)
15,0 150 140.0
mzlrowz =&, — tf - 0,8 * af " \/E
My rows = (35 + %) -92-08-5-v2=24,74 mm
mzrows = hyows — ty — 08- ar - \/z
My rows = 35 + %) ~9,2-08"-5-v2 =24,74mm
1 = m 33,66 — 053
' m+e 3366+30
_ _ M3 row2 _ 24174 _
Marowz = Aarows = 0 = 33,66 +30 0.39
= Alpha =5,9 (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 (= ex) 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_(p1+p) alpha g EX m . n
1 0.0+35.0 - 30.00 40.00 - 24,34 30.43
b 35.0+70.0 599 30.00 - 33.66 - 30.00
3 70.0+ 0.0 - 30.00 - 33.66 - 30.00

To calculate the end plate we will use Table 6.6 of the EN 1993-1-8 - Ref.[1].
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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

[eﬂ'.cp [Efinc [Eﬁ.cp Paﬁf‘fﬂﬁ [efl'.:l.r.

. Smallest of:

) Smallest of’
Bolt-row outside Tmes © 4m, +1.2%e,
tension flange - e+2m,+0,6235e, — —
Ty T W -
of beam o+ Je 0,55,
R 0.5w+2m,+0.625e,

First bolr-rpw 0.5p +am
below tension 2mm o o+ p —(m +0.625¢)
flange of beam - e
Other inner

2 +125e 2
bolt-row = 4m+125e P P
Oth d

= en 2m 4m+125¢ wm+p 2m+0,625¢+0.5p

bolt-row
Mode 1: ety = logrne but (g1 = ligg Pler1 = 3 logac but 3 legy = ¥ L
Mode 2: Lagrr = Lofrne E[eﬁz = E{ei:u:

o should be obtamned from Figure 6.11.

When looking at Table 6.6 of the EN 1993-1-8, we can make the following bolt-row locations:

Row 1: Bolt-row outside tension flange of beam
Row 2: First bolt-row below tension flange of beam
Row 3: Other end bolt-row

And the same bolt-row location will be shown in SCIA Engineer:

2.1.4.2. Endplate
According to EN 1993-1-8 Article 6. 2. 6.5, 6.2. 6.8
(effective lengths in mm, resistance in kN}

lef circular patterns = smallest of:
2mmx = 2*3,14*24,34 = 152,93
My +w = 3,14*24,34 + 80 = 156,47
My +2e = 3,14*24,34 + 2*40 = 156,47

lett nON circular patterns = smallest of:
4mx +1,25 ex= 4*24,34 +1,25 * 40 = 147,36
e + 2mx + 0,625ex = 30 + 2*24,34 + 0,625*40 =103,68
0,5bp=0,5*140=70
0,5w+ 2mx + 0,625 ex = 0,5 *80 + 2*24,34 + 0,625*40 = 113,68

row Bolt-row location
1 Bolt-row outzide of beam
2 First bolt-row below tension flange of beam
3 Otherend boli-row
45.4.2. Boltrows considered individually
Row 1:
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Row 2:

lest circular patterns = 2zum = 2*3.14*33,66 = 211,49
let nON circular patterns: am = 5,99 * 33,66 = 201,62

Row 3:

lest circular patterns = 2zmm = 2*3.14*33,66 = 211,49

let nON circular patterns: 4m + 1,25e = 4 * 33,66 + 1.25 * 30 = 172,14mm

Row lest circular leff NnON-circular
patterns patterns
152,93 70,00
211,49 201,62
211,49 172,14
In SCIA Engineer:
row leff cp.i leff nei

1 152.95 TO.00

2 211 47 201 57

3 211.47 17212

And now from the bottom of Table 6.6:

Mode 1:

(o = orne but (oarg = lonrep

Mode 2: {fE: = [eff.m

So this results in:

Mode 1 : lefr1 = lefrnc but lefr,1 < lef, cp
Mode 2 : lefr.2 = lefine

=> |eﬁ,1 = 145.10

=> |eﬁ,2 =145.10

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:

For individual bolt-row :

row leff 1 leff2 Lb* Prving forces FT.1.Rd FT.2 Rd FT.3.Rd Ftep Rd.i

1 70.00 70.00 16477 rd 97.31 12210 180.86 97.31

2 201.57 201.57 15122 s 20267 138.82 180.86 138.82

3 17212 17212 177.08 N 173.07 130.99 180.86 130.99
row befftwh Ft whb Rd.i

1 - -

2 20157 279 4T

3 17212 238.65
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45.4.3.

Bolt rows considered as part of a group

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

So Row 1 and Row 2 are separate.

The only group is thus Row 2-3 and leff is calculated again using Table 6.6 of the EN 1993-1-8

(Ref.[1]).

Row 2:

Lest circular begin bolt-row = nm + p = 3,14 * 33,66 + 140 = 245,73
Leff non circular begin bolt-row = 0,5p + am — (2m + 0,625e) = 0,5*140 + 5,99*33,66 — (2*33,66 +
0,625*30) = 185,55

Row 3:

Lest circular end bolt-row = tm + p = 3,14 * 33,66 + 140 = 245,73
Lett nonN circular end bolt-row = 2m + 0,625e + 0,5p = 2*33,66 + 0,625*30 + 0,5*140 = 156,07

Summary of values:

Row letf circular lett non circular lett circular lett non circular leff circular lett non circular
inner bolt-row inner bolt-row end bolt-row end bolt-row begin bolt-row begin bolt-row
1 - - - - - -
- - - - 245,73 185,51
- - 245,73 175,51 - -
In SCIA Engineer:
row leff cp ginner leff nc ginner leff cp.gend leffnc g.end eff cp g start leff nc g start
1 152.95 T0.00 - - - -
2 = = = = 24573 185.51
3 - - 24573 156.06 - -

Mode 1 : Z leff,1 = Z leff,nc but Z leff,l = Z leff,cp
Mode 2 : Z leff,Z = Z leff,nc

Row 2-3:

Y lepsep = 245,73 + 245,73 = 491,46
Y loffne = 185,51 + 185,51 = 341,57

Mode 1 = Mode 2 : less = 341,57
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In SCIA Engineer:

Bifcpg
182.85
211.47
451.47

effnco
70.00
201.57
24157

Qroup
1- 1
2- 2
2- 3

) 0,25-341,57-122-235-1073
My pa = Mpi2pa = 0'252 legrts fy/Ymo = 1

= 2889,7 kNm

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

Row 2-3:
« _ 88m’Ag
. .

_ 88(33,66)*157
T Sleggptd P T 34157-(12)°
(with np = number of bolt rows)

2=179mm

= L, <L}
= Prying forces may develop

Row 2-3:

4Mp1Ra 428897
Mode 1: F. = Pt —
T.LRd m 33,66

= 343 kN

_ 2Mpi2Rd+N Y Frrd _ 2:2889,7+304:90,43

MOde 2. FT,Z,Rd = 33.66+30 == 261,2 kN

m+n
MOde 3:FT,3,Rd = ZFt,Rd =4- 90,4’3 = 361,7 kN

=  Frpa=261,2 kN

In SCIA Engineer:
For bolt group :

Qroug leff.1 leff2 LE* Prving forces F1.1.Rd F1.2.Rd FT.3.RBd

Flep Rd.g

130.85
180.86
351.73

57.31
202.67
343.44

12210
138.82
261.27

70.00
201.57
341.57

16477 s
15122 s
17847 rd

1- 1
2- 2
2- 3

70.00
201.57
341.57

57.31
136.62
25127

4.5.4.4.

Row 2-3:

= Frwbra = Pefftwb whlywh — 341,57 5,9 - 235 - 1073/1

YMo

= Frycra = 473,6 kN

In SCIA Engineer:

Qroun peffiwh Fiwb Bdg
1- 1 - -
22 20157 270 .47
2- 3 3481.57 473.58
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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 distributionin boltrows
2.2.1. Potential tension resistance
According to EN 1993-1-8 Article §.2.7.2 (8),i8)

row FtfcRd.i FtfcRd g Ftwc Rdi Ftwe Rdg Ftep Rd.i FtepRd. g Ftwhb Rd.i Ftwhb Rdg Fi.r Rd
1 138.51 138.51 178.95 178.95 57.31 97.31 - - 97.31
138.51 157.37 178.95 117.55 138.82 13882 27947 279.47 117.55
3 138.51 178.862 178.95 30.54 130.99 14372 23885 355.04 30.54

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

Row 1: 97,31 kN (End plate failure)

Row 2: 117,55 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:

M; ra = Xy hr-Fir ra (EN 1993-1-8; §6.2.7.2 — Ref.[1])

Ft,min for each boltrow:

Row 1: 97,31 kN (End plate failure)

Row 2: 117,55 kN (Column flange failure)

Row 3: 30,54 kN (Column flange failure)

Following 86.2.7.2 (6) and (8)

The lowest value for the column web in tension, the column flange in bending, the end-plate in bending
and the beam web in tension has to be checked. All these values are higher than column web in shear,
which also have to be checked following §86.2.7.2 (7).

The column web in shear has the lowest resistance: 160,2kN

This is also shown in SCIA Engineer:

2.2.2, Azsesz=ment ofthe shear and compression zone
According to EN 1993-1-8 Article §.2.7.2 (7}

Column web n shear (WVwp, RdiBeta) 160.21 kN
Column web n compression (Fe,we Rd) 190.56 kM
Beam flange and web n compression (Fo fb Rd) 3772 kM

Limiting resistance = 160.21 kN

This limit and the triangular limit (see further) are shown on the next page.
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Fixrda =19FiRg
Fird1
Fird2

>

Ftraa
i

—

Ferd 2ZFiRaj

(a) Plastic distribution

Because Ferd and Vg ra 2 Fira, therefore the
effective tension resistance (Frr4) is equal to the
potential design resistance (Fyrq;)

Ftﬂ:Rd >19 Ft:Hd

_h
FeRdZEFiRd,i

(c) Trangular limit

Because Fiygra = 1,9 Figs the effective tension
resistance has to be reduced:

h

L

Fiyrda = Fixra P

X

For the first boltrow Fird,1 = 97,31kN.

Firra1=F tRa1
- =

Fir ra,2=F tra2
I A

e =
Firra, 3= F tRa3

.

Ferd <ZFiRra;
Ferd=2F trRd|

(b) Modified plastic distribution

+ Because Forq andfor Vapre < Firai therefore the
effective tension resistances (Frrq) have to be
reduced starting from the closest bolt to the
compression centre:

Ftera > 19F¢Rra
Ftra1=F trRa.1

—
Fera<ZFipaj
FeRd= ZFirRa;

(d} Triangular limit

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

h

— I
F trRd — F, twRd 7

hx

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

The maximum value for bolt row 2 is: Ftrd,2 = 160,2 - Frrd2 = 62,9kN.

And row 3 will not take any resistance.
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This principle is shown on the next page.

= Row 1: 97,31 kN (End plate failure)
= Row 2: 62,9 kN (Reduced by column web in shear)
= Row 3: 0 kN (Reduced by column web in shear)

This is also shown in SCIA Engineer:

[O% FirBd Decregze FirBd
1 57.31 0.00 §7.31
2 117 .55 54 65 6290
3 30.54 30.54 0.oo

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

1,9 Ftra = 1,9 90,43 kN = 171,82 kN

The formula Fy, rq < 1,9F; g4 is fulfilled for all the rows.

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

2.2.3. Triangular imit
According to EN 1993-1-8 Artice 8.2.7.2 (3)

Limit: 1.9*FtRd= 171.82 kN
[OW Fi.r.Bd = Limif Decregze FL.r.Bd
1 9731 no - 97.31
2 62.90 no - 62.90
3 0.00 no - 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

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.

O )

Name

Selected bolt assembly
Length [mm]

Bolt pattem

Referance

Intemal bolts distance [mm]
Extemal bolts distance [mm]
1.Row

2 Row

3 Row

4 Row

1 Location [mm]

2 Location [mm]

3. Location [mm]

4 | ocation [mm]

M16-8.8

50,00

2 bolts/row

Bottom of the beam
20,00

80,00

v

v

v
250,00
180.00
54,00
40,00

Actions

Update location

W
S
W

[ Cancel

Row | h[mm] Fi [KN]
2454 97,3
175,4 62,9
35,4 0

Mj ra = 245,4* 97,3 + 175,4 * 62,9 = 34910 kNmm =34,91 kNm
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In SCIA Engineer:

2.3. Determination of Mj,Rd
According to EN 1953-1-8 Article 6.2.7.2 (1)

row hr[mm] Ft,r,Rd[kN]
1 245 40 57 .31
2 175.40 62.90
3 35.40 0.o0
Mj,Rd = 34.91 kKNm

4.7. Calculation of NRd

The value for Njreis calculated as follows:

If Nieais a tensile force, the Njreis 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 @ compressive force, the Njreis 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:

Column web in tension:

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

group befft wc omega 1 omega 2 omeqga Ftwc Rdg
1- 1 14510 075 0.45 075 178.95
1- 2 21510 061 0.36 0.61 21488
1- 3 355.10 D42 0.23 0.42 24540
= 245, 40 kN
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Beam Web in tension:

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

group pefftwh Fiwb Rdag
1- 1 - -
22 20157 27047
2- 3 34187 473.58

= 473,58 kN

Endplate in bending:

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

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

For bolt group

group leff,1 leff,2 Lb* Prying FT,1,Rd FT,2 Rd FT,3,Rd Ft,ep,Rd, g
forces

1- 1 70.00 70.00 154.77 W 97 .31 122110 180.88 a7.31
2- 2 201.57 201.57 151.22 o 202.67 138 .32 180.36 138.82
2- 3 341.57 341.57 178.47 W 343 .44 261 .27 381.73 261.27

And this results in: 97,31 kN + 261,27 kN = 358,58 kN

Column Flange in tension:
This is calculated for the bolt group 1-3 for the Column flange:

For bolt group :
group leff 1 leff.2 Lb* Prying forces FT.1.Rd FT.2.Rd FT.3.Rd Ft.fc.Rd g
1- 1 145.10 145.10 10728 v 182.53 138.51 180.86 138.51
1- 2 21510 215.10 14471 Ny 270.59 254 68 361.73 254 88
1- 3 355.10 355.10 13148 N 446.71 381.67 547,59 391.67

= 391,68 kKN

Bolts in Tension:

6 bolts and Fr,rd for one bolt = 90,43 kN
= 6x90,43 kN =542,58 kN

Nj,rd

= Minimum of all previous values

= 245,40 kN

In SCIA Engineer:
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2.5, Determination of NjRd
According to EN 1993-1-8 Artide 8.2.7.1 (3)

data

Column YWeb n tension (FtwcRd) 245.40 kM
Beam Webk n tension (Ft wb Rd) 47358 kN
Endplate in bending (Ftep,Rd) 356.55 g
Column Flnge in tension (Ft fc Rd) 391 67 kN
Bolte n Tension (Ft.Rd} 54259 ol

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

ayfupAs _ 0,6+800-157 1073

F =
v,Rd Yz 1,25

= Fugre= 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:

= Vrs =(4*0,28+2)*60,29kN = 188,10 kN

In SCIA Engineer:

3. Design shear resistance VRd

VRd data
WRd 188.10 kN
Fv,Rd 60.29 kN
el,ep 40.00 mm
pl T0.00 mm
k1 plate 2.50
k1 Beam 2.50
Alfa_b plate 0.74
Alfa_b column 0.74
Alfa_d plate 0.74
Alfa_d column 0.74
Fe,ep, Rd 102.40 kN
Fb,cf Rd 102 .40 kN
WRd beam 215.47 kN
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Remark

If the unity check for the Moment and Moment + Normal force is okay, but the unity check for the shear
force is bigger than one, it could be interesting to use the last bolt row only for the shear force
resistance.

You can activate the option “Use last bolt only for shear capacity”.

r 5
B ' Connections setup @
El- Standard EN Name Standard EN
- Corinection = Connection
i General data G I data
Frame bolted/welded 5 Frame bolt ded
Baze plate ed/wel
Expert system Transformation of efforts In axis ~
Bolted diagonal Weld size of haunch Length T
- Thickness Allowable relative emor for moments [%] [H 5,00
Omitting weld in beff [FcRd] no
Include stress in column flange no
Capacity of beam flange Prof +Haunch -
Use attemative method for Ft.Rd.1 no
Always adapt stiffeners no
Always adapt weldsizes no
Apply stiffness classfication check | yes
Use intemal forces for weld size calculation no
Use stiffeners in column web panel resistance no
Vlyes
Base plate
Expert system
Bolted diagonal
Thickness
Load default non-MA parameters Load default NA parameters | ak. | Cancel |
\

This last bolt-row has a small lever arm for the moment resistance, so the influence on the moment
check will be small.

4.9. Unity checks

4.9.1. Influence of the normal force

If the axial force NEed in the connected beam exceeds 5% of the design resistance, Npird,
the following unity check is added :

M N
. Ty

NIJ.Ra Nj.Rd

3.Ed

Mi.Rd is the desigh moment resistance of the joint, assuming no axial force
NjRd is the axial design resistance of the joint, assuming no applied moment
N;esis the actual normal force in the connection

Mieais the actual bending moment in connection
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4.9.2. General unity checks

Assume following internal forces in this connection:

Nsd = 0 kN
Vsd = 10 kN
My,sd¢ =10 KNm

Check M:

Check V:

Check MN:

M/Mrd = 10/34,9 =0,29< 1

V/VRrd = 10/189,48 = 0,05 < 1

In SCIA Engineer:
5. Unity checks

M/Mrd + N/Nr¢ =10/34,9+0=0,29<1

Unity checks
MEd/ MR d 0.29
VEAAVRA 0.05
Unity check M/MBRd + M/NRd 0.25
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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.

__/'|>v__

=
|

— | = .

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

A M.
/
qf:\lsj.ini
Mirat | 4
jEd T / .,"E i
fee § g
% i
;o i i
.
."v\_Sj ! i
N !
¢)Ed l1)Xd ¢Cd

The general analytical procedure which is used for determining the resistance and stiffness properties
of a joint, is the so-called component method. The component method considers any joint as a set of
individual basic components. Each of these basic components possesses its own strength and
stiffness. The application of the component method requires the following steps:

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

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

Column web in
shear

First step:

Definition of the
components

Column web in
compression

-

Column web in

tension

e

—

Second step: F
F.ﬂ‘d
Response of VL ER,

the components 3
1

E
Fﬁ'ds
EH:

Ay

Stiffness coefficient ki of each component

Resistance Frq of Each component

Third Step:

Assembling of
the components

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

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

In the following tables all different components are shown.
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Component

Veg ——m
A

Column web panel
in shear

w——VEd

ra

v

Column web
In transverse

compression
—_ . <oy

S ‘ JpFtea
Column web
in transverse
tension

Column flange
in bending

End-plate
in bending

Fiea
Flange cleat
in bending

Beam or column
7 | flange and web -
i1 compression
Feea |
— e —
B b I
g |Beamwe Era L
in tension
Figd Figa
. O —>
Plate
9 | 1in tension or
compression
_’ ‘_
Feka Fced
'R
o0 [Bote < G-
in tension ) Fieq
"
Bolts
11 | y
in shear —
l:v.Ed
F
Bolts T pEd
in bearing
12 | (on beam flange.

column flange.
end-plate or cleat)
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o
Concrete (f, ~
13 | in compression s
including grout

@ = A
Base plate ] JL d
14 | in bending under -
compression p : N g) N
O, @ - -
S
Base plate in - 2) \Y
15 | bending under Q'/ e f% M
tens e
ension -~ i
16 Anchor bolts T
in tension @. l\\G

Anchor bolts
in shear

Tension a bolts in tension
b end plate bending
18 inbcf::i,}?hs c column flange bending
d beam web tension
e column web tension
19 | Welds [f] flange to end plate weld
[g] | web to end plate weld
Horizontal h column web panel shear
shear

Compression j beam flange compression

; [k] | beam flange weld
i B‘—/ I, m | column web in compression

Vertical shear [n] | web to end plate weld

20 | Haunched beam

p bolt shear

q bolt bearing

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
ka column web panel in Unstiffened: Stiffened:
shear 0,38 - Ay ky =
kl = BZ
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ka column web in Unstiffened: Stiffened:
compression
P _ 0,7 beff,c,wctwc kz =
ks Column web in tension | yngiffened: Stiffened:
_ 0,7- beff,t,wctwc k3 = oo
3 dc
ka column flange in
bending (for a single 0,9 lesste
bolt-row in tension) « =TT s
ks End-plate in bending 0,9 losrts
(for a single bolt-row in 5T T8
tension)
ke Flange cleat in 0,9 losrts
bending 6= m3
ke Flange cleat in 0,9 losrts
bending 6= me
ke Flange cleat in 0,9 losrts
bending 6= 3
k1o Bolts in tension (for a kio = 1,6 Ag/Ly

single bolt-row)

ki1 (or ki7) Bolts in shear 16-n, - d?- fyp
kii(or ky7) = ——F/——F——
E dM16
k12 (or Kig) Bolts in bearing (for K K 24y kykeode fup
each component j on 12(07 kig) = E

which the bolts bear)

ki3 Concrete in o = Ec\besrless
gomprgssmn BT T9575E
(including grout)
k14 Plate in bending under k4 = 0
compression
kis Base plate in bending With prying forces Without prying forces
upder tension (for a 085 Losst3 0,425 Losst3
single bolt row in 15= "3 5= 3
. m m
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
left the smallest effective length for the
bolt
m the distance bolt to beam/column
web
As the tensile stress area of the bolt
Lo the elongation length of the bolt
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5.2.2. Calculation of the stiffness in detail

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

are given.

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

Beam-to-column joint with

Number of bolt-rows in

Stiffness coefficients & to

bolted end-plate connections tension be taken mto account
Omne fps Ban b b B B
Single-sided it
Two or more k2 b dg
. . Omne k]i.hi ks .i.'gi hg
Double sided — Moments equal and opposite
Two or more K fg
One kl:k:: .i:'3; .i.'.|.i k;:km
Double sided — Moments unequal
Two or more ki ks kg

Beam splice with bolted end-plates

Number of bolt-rows 1
tension

Stiffness coefficients &, to
be taken into account

One

s [left]; ks [right]; kg

Double sided - Moments equal and opposite

Two or more

K,

%g

Base plate connections

MNumber of bolt-rows in

Stiffness coefficients & fo

fension be taken info accoumnt
) G'DE Jl.’|_3: k]j:_ .i."_.s
Base plate connections Two or more fy3; Fps and ke for each baolt

row

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. Column web in tension: ks

_ 0'7 beff,t,wc twc

= Dbefttwe 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, bettwe Should be taken as equal to the smallest of the effective lengths lesr given for

this bolt-row in Table 6.4 or Table 6.5.

107,55
105

beff,t,wc,rowl =

beff,t,wc,rowz =

k _07-10755-7
3,rowl — 92

k _07-105-7

3,row2 92

=5,73 mm
= 5,59 mm

In SCIA Engineer:
4.1. Design rotational stiffness

Loy E4lmmil E3lmml ksl mmil K1 0Tmmil keffimml |
1 359 573 7.55 6.47 1.73
2 8.39 5.99 T.57 6.47 1.71
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5.2.2.2. Column flange in bending: ka

o 09 Lersty
4 — m3
= leris the smallest of the effective lengths given for this bolt-row given in Table 6.4 or Table 6.5.
= lef = 107,55
= beff.t.wc,row1 = 107,55
= besstwerowz = 105

_0,9107,55-123

ksrowr = —— 55— =8,59 mm
0,9-105 123 _
k4,TOW2 = —26 93 - 8,39 mm

In SCIA Engineer:
4.1. Design rotational stiffness

[O% E4lmmil E3mml kol mmil K1 0Tmmil keffimml |
1 899 573 7.95 5,47 1.73
2 8.39 559 757 6.47 1.71

5.2.2.3. End-plate in bending: ks

0,9 lrrty
m3
= leris the smallest of the effective lengths given for this bolt-row given in Table 6.6.
= leff, rowr = 70
= left, row2 = 185,51

5

0,9-70-123 _
ks ow1= “GasaE 7,55 mm

0,9-185,51-123 _
ks owz = ~Gaee? 7,57 mm

In SCIA Engineer:

4.1. Design rotational stiffness

[O% E4lmmil E3mml kol mmil K1 0Tmmil keffimml |
1 899 573 7.95 5,47 1.73
2 8.39 559 757 6.47 1.71

5.2.2.4. Boltsin tension: k1o

As
klO = 1,65
= Als the tensile stress area of the bolt As = 157mmz2
= 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 = tr + tp + twasher + (Nbolt_head + hnut)/2
=12+12+ 3,3+ (10 + 13)/2

= 38,8mm
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157

k10 = 1,6'553:= 6,47 mm

In SCIA Engineer:

4.1. Design rotational stiffness

Loy E4lmmil E3lmml kol mmil K1 0Tmmil keffimml |
1 359 573 7.55 6.47 1.73
2 8.39 5.99 T.57 6.47 1.71
5.2.2.5. Equivalent stiffness

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

keppr = 1/Zi($) (see also formula (6.30) of EN 1993-1-8 — Ref.[1])

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

1
- Keffrows = T 1T 1= 1,73

5,73+8.59+7.55+6,47

1
- keff,rowz =1 T 1 — =171

5.59+8,39+7,57+6,47

In SCIA Engineer:

4.1. Design rotational stiffness

[O% E4lmmil E3mml kol mmil K1 0Tmmil keffimml |
1 899 573 7.95 5,47 1.73
2 8.39 559 757 6.47 1.71

The equivalent lever arm zeq should be determined from:

_ Zr keff,rh'z _ keff,rowlhgowl + keff,rowzhrzﬂowz

" Zr keff,rhr

1,73+ (2454)* + 1,71 (175,4)*
T 1,73-2454+ 1,71+ 1754

Z
¢ keff,rowl hrowl + keff,rowz hrowz

_ 156791
Zea = 724 48

= 216,42 mm

The equivalent stiffness keq can now be determined from:

kg = 2L (see also formula (6.29) from En 1993-1-8 (Ref.[1]))
eq
1,73-245,4+1,71-175,4
ea = 216,42 = 335mm

And those values are also given in SCIA Engineer:
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5j data

Sj 11.60 MM m/rad
Sjini 11.60 MM m/rad
z 21642 mm

mu 1.00

k1 230 mim

k2 a.70 mm

keg 335 mim

5.2.2.6. Column web panel in shear: ki1

0,384,

P
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 =216,8 =216,8mm

B is the transformation parameter from 5.3 (7)

= =1
ky = 0381312 _ 2,30 mm
1216,8
In SCIA Engineer:
5j data

Sj 11.60 MM m/rad
Sjini 11.60 MM m/rad
z 21642 mm
mu 1.00
k1 230 mim
k2 a.70 mm
keg 335 mim

5.2.2.7. Column web in compression: k2

— 0'7 beff,c,wc twc
= d=he -2 (tr+r)=140-2 (12 + 12) =92 mm
= beff = tfb + Zx/iap + 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.

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

0,7-163,3-7
ky = 225227 = 8,70 mm

In SCIA Engineer:
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5j data

Sj 11.60 MM m/rad
Sjini 11.60 MM m/rad
z 21642 mm

mu 1.00

k1 230 mim

k2 a70 mm

keg 335 mim

5.2.2.8. Design rotational stiffness

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

K,, k

a1 “41 %51 K74

— . -

1
]E‘ ]}2 -r L

The program will calculate 3 stiffnesses :

Sj,ini the initial rotational stiffness
Sj the rotational stiffness, related to the actual moment M; 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.
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A

MRd __
0.66 MRd _|

Sj,MRd

Sj,ini

o i

_ EZ E z*

- 1 1,1, 1
U X -(—+—+—)
P Pk TR TReq

Sj

= z=216,4mm

= uis the stiffness ration S; ini / Sj
o IfMjea<Mjrda =>p=1
o If 2/3 Mjrd < Mjed < Mjrd => pn = (1,5 Mjed / Mj,ra) ¥

Mij,ed = 10 KNm
Mijrd = 34,9 KNm => 2/3 Mjrd = 23,3 KNm

= pu=1

E z*
= S]-= T
HZik—i

210000 -(216,42)? _
= (1 1) -+ 107 = 11596 kNm/rad

S] - 1.(L+_+
2,30 8,70 3,35

In SCIA Engineer:

5] data

Sj 1160 MNm/rad
Sj,ini 1160 MNm/rad
z 21642 mm

mu 1.00

k1 230 mim

k2 aro mm

keg 335 mim

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]).
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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
L,
L. El
Sj,pinned = 0.5L—b

b
For unbraced frames: L El
Sj, rigid =25—2
Lb
.. El
Sj,pinned = 0.5—=
L,
For column base joints: o El
Sj, rigid =15 LC

c

Sj,pinned = 0.5 ELIC

c

with Ib the second moment of area of the

beam

Lo the span of the beam

le the second moment of area of the
column

Lc the storey height of the column

E the Young modulus

Mi »
Rigid —

’
E -
o Semi-rigid
-
“!
o+

-
s
/ Syini

#

< Pinned

-
#

> P

s Boundaries for stiffness
"""" Joint initial stiffness

In our example we have chosen for a braced frame.

SCIA Engineer will take the length of the beam in SCIA Engineer as the length for L. But you can change
this value manually:
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Properties
Steel Connection (1)

BIRY: R

Node N2
Type of loads Load cases
Load cases LC1

Load case/Combination g
Frame type
Connection geomatry Imple
= Side ->[B3]
Connection type Frame bolted
End plate v
Backing plate
Bolts v
Haunch
Top stiffenar
Bottom stiffener
Diagonal stiffener
Web doubler
Update stiffness

Output [et=il=d

Length for stiffness classification [m]
[ Stiffeners

Between bolttows 12

Calculation type for loadcase/combinations

Between bolt-nows 2 3
Weld
N
E-l (210000 )(2,772:107 mm*)
Sjrigia =8—>=18 mm® = 23,28 MNm/rad
’ Lp 2000 mm
N 7 4
El (210000 )+(2,772:107 mm*)
S; pinnea = 0,5—2=0,5 mm> = 1,46 MNm/rad

Lp 2000 mm

In SCIA Engineer:
4.2, §tiffness classification

Stiffness data

E 210000.00

[+ 27720000.00
Lb 2000.00
frame type braced
51 23.28
52 1.48

Mimm*2
mm "4
mm

MNm/rad
MNm/rad

System SEMI RIGID

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

0.1000

00900

=

0.0%00

P
P 14221

48 [MNmirad]

0.0700

9.0600

0.0300

0.0400

9.0300

00100

0.0100

A4 ENT
[ IVIINII

i |
A

pd=1 4

e

9.0000
=

0.000

0.0005 \

n.ooln

00015

0.0020

0.0025

0.0030

0.00358

0.004 0

b S3[MNm/rad]
rad

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:

S — |

- bolted beam-to-column

/s welded beam-to-column

i welded plate-to-plate

WlWINDN

column base

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

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

Properties 3 =
Steel Connection (1) (-] %8 Y ¢
o A
Name Conn
Node N2
Type of loads “Load cases -
Load cases LC1 -
Load case/Combination Al -
Frame type braced -
Connection geometny Simple T
= Side ->[B3]
Connection type Frame bolted -
End plate V7
Backing plate [
Bolts W
Haunch [
Tap stiffener [
Bottom stiffener [
Diagonal stiffener [
Web doubler [
v
Calculation type for loadcase/combinations -
Qutput Detailed -
Length for stiffness classfication [m] 2.000
= Stiffeners
Between boltows 12 [
Between bolt-rows 2 3 [
Weld

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

—
Properties 1 x
Hinge on beam (1) B Wh V; 7

>
o x

Name H1

Paosition Begin -
13 Rigid -
uy Rigid -
uz Rigid -
i Rigid 7
fiy Flexible -
Stiff - fiy [MNm/rad] ~ 5.8012e+00

fiz Rigid -
Member B3
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Steel Connection

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 | Functionality| Loads Protection
S' VNN | Dynamics | = Nonlinearity &
Engﬁ!,g Initial stress Initial deformations and curvature
Climatic loads Friction support /Soil spring
Prestressing Sequential analysis
Pipelines Dynamic Relaxation
Structural model v = Steel =
BIM properties Flastic hinges
Parameters Fire resistance
Mabile loads Connection modeller
Automated GA drawings Frame rigid connections
LTA - load cases Frame pinned connections
Extemnal application checks Grid pinned connections
Property modfiers Bolted diagonal connections
Bridge design Expert system | 4
I Customized design form Connection monodrawings
0ld style document i Scaffolding =

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.

Properties o =
Hinge on beam (1) EARY:-RYS
g A
Mame H1
Position Beain -
L Figid -
uy Rigid -
uz Rigid -
i Figid -
i Monlinear -
Stiff -fiy [MNm/rad]  5.8012e+00
Fun -fiy | Node : N2{B3] ~
fiz Rigid -
Member B3
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.
# ' Nenlinear functions

3’%!'(|9Q|§|ﬁn|ﬂoﬁmon

MNode : N2-[B3]

[Mame | Mode:Nz{B3

Type Rotation
Postive end Free ~
Megative end Free -
= Impulse
1 [rad kNm]

34.01[

2 [rad kNm]
3 [rad kNm]
4 [rad kNm]
5 [rad kNm]
& [rad kNm]
7 [rad kNm]

Create new function " New " Insert "

002700

fi [rad]




5.5. The required stiffness

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

uppar boundary
M M 1 s
s 1ape
l.app
lower boundary
® L L]

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, Si.app < 8-E-1, 10-Sj.app-E- T,
10-E-I, +Sj.app-L, T L, 8-E-I, —Sj.app-L,
. 8-E-1
Sj.app > : ;
L, ~
Unbraced 24-Sjapp-E- I, Sj.app < 24-E-1, 30-Sj,app-E- T,
30-E-I, +Sj.app-L, T L, 24-E-1, —Sj,app- L,
Sj.app > — Ely
b

And for a column base connection:

Lower boundary Upper boundary

16-Sj.app-E -1, . 16-E-1, 20-Sjapp-E-I_
— Shapp< ——— .
20-E-I_+Spapp-L_ . 16-E-I. —Sj,app-L.
.- 16-E-1I,
Sj.app:sT >
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with Ib the second moment of area of the beam
Lb the span of the beam
le the second moment of area of the column
Lc the storey height of the column
E the Young modulus
Sj,app the approximate joint stiffness
Sj,ini the actual initial joint stiffness
Sj,low the lower boundary stiffness
Sj,upper the upper boundary stiffness
Sj the actual joint stiffness

In this case we have a braced system and we did not take into account any stiffness, so the upper
boundary equals infinity and the lower boundary is the boundary for a rigid connection:

4.3 Check of stiffness requirement

Stiffness data
Fi v infinity MM m/irad
Stiffness modification coef. 2.00
Sj,app infinity MHmirad
Sj,lower boundary 23.28 MHm/irad
Sj,upper boundary infinity MHmirad

Sj,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
@.10640
Q.a%00 fahil| 7 ] T.
SIOW=Z s &8 [I\I}-.mrad]
0.0800 -/"'}“
00700

Sj%ggjgfﬁl finity

Q.0300

0.0400

Q.0300

0.0200

oo
ST
00100

0.0000

%
15
g
"
-4
X
[
—_

rad

0.0000
0.0005
00010
00015
0.0020
0.0025
0.0030
0.0035
0.0040

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.
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In SCIA Engineer we have:

Fiy

The stiffness taken into account in the calculation, thus: Sj,ini/n = Sj,ini/2
= 11,60 MNm/rad /2

= 5,80 MNm/rad

Stiffness modification coef.

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

Sj,app

In this case Sj,ini = 11,60 MNm

Sj,lower boundary

For a braced system:

8 S E-l
10-E Iy +Sjapp Ly

g ROV 510000MPa - 2,77E — 05 m?

~ 10-210000MPa - 2,77E — 05 m* + 11,60MNm/rad - 2m

= 6,64 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
Ly

Sjapp = 11,60 <

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

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

10 -11’6;3%- 210000MPa - 2,77E — 05 m*

~ (8- 210000MPa - 2,77E — 05) — (11,60MNm/rad - 2m)

= 28,90 MNm/rad
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4.3 Check of stiffness requirement

Stiffness data
Fiy 5.80 MNm/rad
Stiffness modification coef. 2.00
Sj,app 11.60 MNm/rad
Sj,lower boundary 6.64 MNm/rad
Sj,upper boundary 28.91 MNm/rad

Sj,ini is inside the boundaries.

The actual joint stiffness conforms with the joint stiffness of the analysis model.

And now Sj,ini will be in between the two boundaries on the graph also:

MNm
01200
5i.upper=25-

1000

00800

Q0600

00400 /

0.0200 s P R - S L= B0

ol RO LT S

Q0000 ] |
= wy = 'y = wy = w =
(=] = -t - () (] m m =
(=] (=] = [=] [=1] [=1] = L= (=]
= = = = = = = = =
=] =] = =] =] =] = L= =]
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6. Calculation of welds

6.1. Defaul

t method

The default values for the double fillet welds to the beam flange arand for the double fillet welds to the
beam web aw, are as follows:

fyd Weld size
= 240 N/mm? =051
a,= 0.5 ty,
= 240 N/mm? ar=07 ig
a,= 0.7 ty,

With:  af The throat thickness of weld at beam flange (fillet weld)
aw The throat thickness of weld at beam web (fillet weld)
to The thickness of the beam flange
twb The thickness of the beam web

In the example CON_004.esa:

tb = 9,2 mm
twb = 5,9 mm

And the material S235 has been used. So:

ar>05tn=4,6

mm

= af will be taken as 5 mm

In SCIA Engineer:

6.1. Calculation weldsize af / Minimum thickness th for stiffener in column

data

MRd 34,91 kNm
Gamma 1.40

h 210.80 mm
FRd 231.86 kN
MT,Rd 237.82 kN
M 231.86 kN
Fu 350.00 Mimm*2
BetaWw D.&0
minimum af 4. .14 mm
af 5.00 i
Minimum th 8.57 mm

aw > 0,5 twp = 2,95 mm

= aw Will be taken as 3 mm
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In SCIA Engineer:

G6.2. Calculation aw

data

Ft 62.90 kM

Fw 7.23 kM

ey 201.57 mim

Fu 360.00 Mimm*2
BetaWw 0.&80

minimum aw (a2} 1.00 mm

aw 3.00 mm

Default this method is used.
Itis also possible to calculate the welds with the formulas given in the next chapters, but then the
option “Always adapt weldsizes” has to be activation in the menu “Steel -> Connections -> Connections

Setup”.
[ 1 ' Connecticns setup @1
- Standard EM Name Standard EN
El- Connection = Connection
| lll.-"l.-' elded General data
ase plate & Frame bolted/welded
wpert system Transfommation of efforts In ads -
; olted diagonal Weld size of haunch Length -
o Thickness AMllowable relative emor for moments [%] [-] 5,00
Omitting weld in beff [FcRd] no
Include stress in column flange no
Capacity of beam flange Prof+Haunch -
Use atemative method for Ft,Rd.1 no
Aways adapt stiffeners no
|Nways adapt weldsizes | o | yes
Apply stiffness classification check Vyes
Use intemal forces for weld size calculation no
Use stiffeners in column web panel resistance no
Use last bolt only for shear capacity no

6.2. Calculation of as

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

Mpq
Frqg =——
With: Frd The design force in the beam flange
Mrd The design moment resistance of the connection
H The lever arm of the connection

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

y = 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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N, oy =
bR Ymo
With bt The beam flange width
tto The beam flange thickness
fyb The vyield strength of the beam
So, we have

Fw=min ( Ntrd, y Frd)
The weld size design for ar:

>Fw'VMW'ﬁW

ar =
f fu . bf . \/7
With Fw The design resistance of the weld
bw The beam flange width
fu The ultimate tensile strength of the weaker part
Bw The correlation factor

YMw The partial safety factor for welds

6.3. Calculation of aw

2, ol
| |

:'jl\\/
SN

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.

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 azin a connection, we use a iterative process with a2 as parameter until the

Von Mises rules is respected:

2 t
\/Gf+3-(rj+tf)3+ and o, <—
) w M, VY,
S _[E €
1 2 A JE
D
T, =
2-a,-1,
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With fu the ultimate tensile strength of the weaker part
Bw The correlation factor
YMw The partial safety factor for welds
A 2azl2

6.4. 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”.

I Connections setup " - - —
- i [ A T e - i
&=l Standard EN Name Standard EN
El- Connection 5 Conneclion
Erzrr]ne:bloc:fetz.-’welded General data
Basze plate & Frame bolted/welded
Expert system Transformation of efforts In zds
i Balted diaganal Weld size of haunch Length
“ Thickness Allowable relative emor for moments [%] [-] 5.00
Omitting weld in beff [FeRd] no
Include stress in column flange no
Capacity of beam flange Prof+Haunch
Uze altemative method for Ft,Rd,1 no
Always adapt stiffeners no
Always adapt weldsizes no
Apply stiffness classification check Wiyes
o
Use stiffeners in column web panel resistance no
Use last bolt only for shear capacity no
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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 Intermediary 2
fy fy
fub .
t>0.53 f_d Non-ductile 3
y
with t the thickness of either the column flange or the endplate
d the nominal diameter of the bolts
fub the ultimate tensile strength of the bolt
fy the yield strength of the proper basic component
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This principle is also shown in the graph below:

== — )

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

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

And this is also shown in SCIA Engineer:

4.4 Ductility classification
The failure mode iz situated in the column shear zone.
This resultzs 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].

| 2 5.-1
¥
-
. - ¥ b — - —
+ J +
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 deformabilities 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.

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

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.

Set view parameters for all

Set view parameters for selected
Cursor snap setting

Print/ Preview table

Table to document

Bk & B

Wiew

m
=

R =

Delete

Picture wizard

/‘

S

Check of connection

Copy add data Conn
Move add data Conn

Table to Engineering report

Steel
Node N2
Le/Combi NC2
Beam B3
Unity check M/MRd [-] 0,74
Unity check VIVRd [-] 0,52
Unity check M/MRd + N/NRd [-] 0,81
Stiffness Not applicable.
Node N42
Le/Combi NC9
Beam B35
Unity check M/MRd [-] 0,26
Unity check VIVRd [-] 0,05
Unity check M/MRd + N/NRd [-] 0,27
Stiffness Not applicable.
Node N44
Lc/Combi NC2
Beam B36
Unity check VIVRd [-] 0,06
Unity check M/MRd [-] 0,19
Unity check M/MRd + N/NRd [-] 0,19
Stiffness Not applicable.
Node N55
Lc/Combi NC9
Beam B43
Unity check M/MRd [-] 0,27
Unity check VIVRd [-] 0,05
Unity check M/MRd + N/NRd [-] 0,28
Stiffness Not applicable.
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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”:

[ Project data u1
Basic data Functionality| Loads Protection

S " | Dynamics [ = Steel

Engiﬂ,g Intial stress [ Fire resistance [
Subsoil F Connection modeller F
Monlinearity [ Frame rigid connections 2
Stability [ Frame pinned connections [
Climatic loads [ Grid pinned connections [
Prestressing [ Botted diagonal connections [
Structural model i Connection monodrawings [
BIM properties [ Scaffolding [
Parameters F LTE 2nd Order F
Mabile loads F ArcelorMittal F
Automated GA drawings [
LTA - load cases E
BExtemal application checks [
Property modifiers [
Bridge design [
Customized design form [
Cld style document V7

[0k 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:

Actions
Refresh EE
Open Preview FEE

Save to expert database

Load from expert database |

Setup of all connections
Bolt azsembly =

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

Mame | Unity check | Fos. | Source | Balt ak I
Mo connection 0.00 - -
014 + SCIA, 109 Cancel |
il - -

IH1E/IPE220/20/30 0.18 " DSTY 109
IH1E/IPE220/16/25 0.26 " DSTY 109
IH3E/IPE220/16/20 0.28 . DSTY 109
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Now this connection will be input on the node and you can adapt this default connection afterwards.

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

8.4.4. The use of 4 bolts / row

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

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

- the bolt row / group is stiffened

- the bolt group contains only 1 bolt
row

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.

Name pee|

Selected bolt assembly M16-10.5 =

Length [mm] 65

Reference Bottom of the beam -

Intemal bolts distance [mm] 120

Extemal bolts distance [mm] 50

1.Row b

2 Row [

3.Row ¥

1.Location [mm] 222

2 Location [mm] 167

3.Location [mm] 58
Actions

Update location B |
Bolt pattem

ox
et

An example of this connection can be found in example CON_005.esa, node N8.
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Additional capacity for 4 bolts/row

row (Ft,fc ,Rd}) group (Ft,fc, Rd})
1 168.03 1- 1 168.03
2 0.00 1- 2 0.00

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 g1
Basic data | Functionﬁy |_ Loads Protection

S il |||' Dynamics O «| |2 Steel

Engﬁlg Initial stress [ Fire: resistance [
Subsaoil " Connection modeller "
MNonlinearity F Frame rigid connections [
Stability [ Frame pinned connections [
Climatic loads [ Grid pinned connections &
Prestrassing [ Bolted diagonal connections [
Pipelines [ Expert system [
Structural model v v
BIM properties [ = Scaffolding [
Parameters " LTE 2nd Order "
Mabile loads F ArcelorMittal F
Automated GA drawings [ = Concrete
LTA - load cases [ Fire resistance
Composite [ Hollow core slab
Extemal application checks [
Property modffiers [
Bridge design [ T
Customized design form [ i

[0k || cancel |
—

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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f:l Zoom all
(:l Zoom by cut out

Set view parameters for all
Cursor snap setting

Print/ Preview table

Table to document

Bk B &

Table to Engineering report

Print picture
Picture to document
Picture to gallery

Save picture to file

& B B i 2

Copy picture to clipboard

screenshot into Engineering report

F
%

il

Live picture into Engineering report

Wired model in view manipulations

EOQQ

Advanced graphic setup ...

I:L? Coordinates info
™ Picture wizard

And choose to generate “Steel connections monodrawings”:

P ~
% Picture generation wizards M
Generation wizard | Description
Generate reinforcement schemes Generator of pictures - drawings of steel connections

Steel co monodrawings

~ Preview

Iy, | [ A = R LY =

M8 LOFEER &8 L H IR

And here all generated pictures can be found:
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r N
@ Picture gallery uﬂlﬂ
EIDE BB EEEBR . (EERN &
Mame Created Modified ‘Name |Conn2[NE]End plate-=[B14]
‘wizard "steel connections™ - Connection Scale 1: 10
‘wizard "steel connections™ - Connection Picture width fmm] 114
=|-= ‘wizard "steel connections" - Conne Picture height [mm] 71
- Conn[N3J<Front view Side-+[B111:201207 10142238 201307 1014:22:42 " . .
Digplay mode Wired
- Conn[N3]<Side view: 201307 1014:2238 201307 1014:22:42 i it
e ConnN3Mweb doubler 20130710142233 201307 10142243 1ew poi .
Conrl [M3)<Frant view Side->[B8]: 201307 10 14:22233 2013 07 10 14:22:43 Load unts n ragen.
- Connl [M3)<Side view: 201307 1014:2238 201307 1014:22:43 Text scale factor 1
- Conn [M3J&nchor 201307 1014:2240 201307 1014:22:44 Charset of teads AMNSI (USA, UK, Europe) s
Conn1[M9)Shear iron 200307 1014:2240 201307 1014:22:44 Line pattem length 3 “
+- Connl [N3)Base plate 201307 10142240 201307 1014:22:45 Display GCS icon Mone -
o Conn2[NEJ<Front view Side-s[B142013 07 1014:2240 201307 1014:22.45 3 Performance
- Conn2[M8]< Side views 201307 10 14:22 41 1 3 4 22:46 Sat 28 non-editable w3
201307 10 14:22:47
- Conn2[MB]B ottom stiffener 201307 10 14:22.41 201307 1014:22:47
Conn3[M7]<Front view Side-»[B12 2013 07 10 14:22.41 201307 10 14.22:48
- Conn3[MN 7] Side view: 201307 10 142241 201307 10 14:22:48

-+ Conn3[M7JEnd plate->[B12] 230710142241 20130710 14:22:49

ComnZfWiEnd piate - {8147

=T
L
= |2
[t}
— [
Attached text to be typed here -
[ra) [~
[
Ej 120 bj
=0
4 3
(|
Ready CAP| NUM| SCRL
Hew | | Edit | | Delete Cloze

8.4.6. Options in the properties window

Load case/Combination

Properties o x
Steel Connection (1) (BT
x

Name Conn -
Node N2 I
Type of loads Combinations -
Combinations CO1-ULS -
Load case/Combination ] :
Frame type
Connection geometry E’E':EWE. N.V.M

= csan o

All
All combinations are checked.

Extreme N,V,M
In this case only 6 combinations are checked, more specific the combinations results in the biggest
positive and biggest negative value for N, V and M.
Those biggest values are not combined together, but always with the real internal forces. This check
will go a bit faster than when choosing for “All”.

With the option All, it is possible that not the biggest moment or biggest normal check will cause the
biggest check, but a combination of the two smaller values in another combination. This check will not
be shown when choosing for “Extreme N,V,M”.
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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 199313
Mational annex: Standard EN

Partial safety factors
Gamma MD 1.00
Gamma M1 1.00
Gamma M2 1.25
Gamma M3 1.25

1.Internal forces

ied
M 147.75 kM
Wz 85.00 kM
Wy -123.03 kMm
Tension top

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

Calculation Vwprd: Column web panel in shear

0.9fyAvc'
woRd = =
PR \/§YM0

When a web doubler is used:

A\Ic '= AIC + bStS

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

A, =13140-2-280-18 + (10.5+2-24)18

A, =4113mm?
A, '=4113+172-10.5 = 5919mm?
Vwp,Rd = 0.9-235-5919 _ 727,77kN

J3-1.0
And the same is shown in SCIA Engineer:

2.1, Design resistance of basic components
211, Column web panel in shear [ EN 1993-1-8 art. 6.26.1)

Column web in shear (Vwp,Rd) data

Column web n shear (VwpRdy TEZ2TT kM
Beta 1.00

Ave 591500 mm"2
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Calculation Fcwerd: Column web in compression

pbeff tWc fy

VMo
t,. =1.5t, =1.5-10.5=15.75mm

by =1t + 2\/§a+5(tfc + r)
by =17.2+ 2429+ 5(18 + 24) = 252,66mm

F

c,we,Rd

P=p
P = ! = = 0.79
beff tWc
1+13 ——~
Ae
Fooen= 0,79-252,66-15,75-235 _ 674kN = 738.77kN

10
And in SCIA Engineer:

2.1.2. Column web in compression (EN 199318 art 6.2.62 )

Column_web in_compression (Fcoowe Rd) data
Column web n compression (Fc weRd) TE218 kM
beffcwe 25266 mim
twe 15.75 mim
omega 1 0.79
omega 2 0.55
omega 0.75
kwc 1.00
lambda rel 0.44
reduction facor for plate buckling 1.00
dwec 196.00 mim

Calculation F¢.rd: Beam flange in compression

_ Mc,Rd
c,fb,Rd
" hb —ty
M
Mgy =~ = 92 _ gsginm
Ymo 1.0
£ _ B55000kNmm _ o0
“PR 550-17.2

In SCIA Engineer:

2.1.3. Beam flange and web in compression (EN 1993-1-8 art. 6.2.6.7)

Beam flange in_compression (Fcfb,Rd) data

Beam flange in compression (Fo, fb,Rd) 122616 kM
section chss 1

Mc, Rd 653.30 kMm
hb-tfb S32.80 mm

78



Calculation Fisc.rd: Column flange in bending

ty fy
Fc,fo,Rd: (twc + zrc + 7ktfc)

MO

Foor=(105+2-24+7 -1-18)% _ 745kN

In SCIA Engineer:

214, Column flange in bending (EM 1993-1-8 art.6.2.56.4)

{Fiic,Rd) data
(Ft.fc.Rd) 74575 kN
k 1.00

Calculation Fiwerd: Column web in tension

F _ pbeff tWC f y

t,we,Rd
Ymo

t, =14t, =1.4.105=14.7mm

by =ty +2v2a+5(t, +r)

by =17.2+2+/2-9+5(18 + 24) = 252mm
P =P

P = L —=0.81
beff twc
1+1.3 ;
A
F o 0.81-252-14.7-235 _ 705kN

1.0

In SCIA Engineer:

2.1.5. Column web in tension (EN 1993-1-8 art. 62.6.3)

{Ftwic,Rd) dat
(Ft,wcRd) 709.04 L
beff 252 66 mm
twe 14.70 i
omega 0.81
omega 2 0.57
omega 0.81

Calculation MRd : Design moment resistance

705 kN x 0.532 m = 375 kNm

In SCIA Engineer:

2.3. Determination of Mj,Rd
According to EN 1993-1-8 Article §.2.7.1 (4)

[ WMi.Rd data
F 70984 | kN
h 53280 | mm
Mj.Rd 37820 | khm
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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

Fo =1 _ 705kN
0.532

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

v = 1.7 for sway frames
v = 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:

b, -ty - f
N, o = U Ty
7'M,
N, = 210-17.2-235 _ 849KN
’ 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
a, > Fw 'yMw'ﬁW
f b, -2
S 849000-1.25-0.8

=7.94mm
360-210-/2

We take a=9 mm.
In SCIA Engineer

6.1. Calculation weldgize af | Minimum thicknes s th for stiffenerin column

data
MRd 37820 kMm
Gamma 1.40
h 532.20 mim
FRd 993.78 kM
NT,.Rd 248.82 kM
M 848.82 kM
Fu 360.00 MPa
Betal 0.80
minimum af 7.04 mim
af 5.00 mim
Minimum_th 17.20 mim
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Calculation of aw
11, al

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

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

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

maximum internal shear force on the node.

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

(see calculation of MRd and the internal forces, given in the beginning of this chapter)

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

the Von Mises rules is respected:

\/Gf +3-(rf +r§)§—t“

w' yM“
N N M-1, ) 1
G, =1, =|— —
o lA 21 )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, Calculation aw

and o, <

data
M 37320 Klm

M 14775 KN

W 25.00 il

Fu 360.00 MPa
Betal 020

al .00 mm

a3 500 mm

11 210.00 i

[2 450.40 i

13 To.45 T

A 735700 mm* 2
| 421611467 .36 mim*® 4
minimum aw (a2} 1.00 mm
aw 6.00 mm
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10. Pinned joints

In SCIA Engineer four types of joints are supported :

Type 1 welded plate in beam, welded to column

Type 2 bolted plate in beam, welded to column

Type 3 bolted angle in beam and column

Type 4 short endplate welded to beam, bolted in column

For each type, the design shear resistance Vrq (taking into account the present normal force N) and
the design compression/tension resistance Nrd 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:
- designh 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

Partial safety factors

Gamma Mo 1.00
Gamma M 1.00
Gamma M2 1.25
Gamma M3 1.25

1.Internal forces

C1
M -1.44 kN
Vz F.897 kN
Iy .00 kim

Calculation Design Shear Resistance VRd for Connection Element
Transversal section of the plate: Ay =2-h -ty =0.003912m? (2 plates)
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Normal stress: oy = — = 2624939 _ 67099667 %2

N
A, 0.003912

to-h

Flexion module: W =0.000106276m?>

p

Design Shear Resistance: a= 0.082 m is the centre

2
_20y-a (2042 _4.[a2} o
N
Wpl Wpl Nz 'Yi/lo
2
5. a2+ 32
WA,

Calculation Design Shear Resistance VRd for Beam
Shear Area: A, =A—2-b-t; +(t, +2-r)-t; =0.00191276m?

Vrg = = 240087.66N = 240kN

A -f
Shear Resistance : VRd = —— =235925.57N = 236kN
NER™

Calculation Design Tension Resistance NRd for Connection Element
Area of the element : Ay =2-h,-t, =0.003912m’

. . Apl ’ fy
Tension Resistance : N, = =835745.45N = 835kN

Twm,

Calculation Design Tension Resistance NRd for Beam
Area of the Beam : A =0.003910m?

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

Y™,

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
,/62+3-i12+12iﬁ—” and o; <—4
1 1 2 B

w Y™, ™M

w

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=10mm.

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

Weld size: a=0.004

Weld Length: I, =hj -2, =0.163-2-0.12=0.139m

I, =b, —Play—2-t, =0.13m
I=1, —Play=0.164-0.01=0.154m

By EC3: fuw=360000000N/m? and pBw=0.8. The parameters are:
_(0.707-a-1,+0577-a-1,)-1 10410
0577-a-1,+1.414-a-1,
. 0.577-a-1;
0.577-a-1, +1.414-a-1,

=0.30377
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0.117-a-12
W= - 1 =0.15603
0.117-a-1; +0.577-a-l,-hy,

T 0.707-a-l, +114-a-1,

L=10+g

Shear force on one plate: D =% =117962.789N (for one plate)

Normal force on one plate: N= g =131.24N
Moment on the plate: M =D-L =13459.781Nm

T_G_6~u-M+ N
e J2.a-? J2.a
6-D

=2~ —64449431.72N
2T /’nz

. 1/c52+3~i172+172i G
Unity Check: %:o.smsl andf 1 _-04<1
u u
AW'VMW %MW

(1-3)-D
2‘\/5-6142

. z((l—u)' M, @-T) NJ=134095932.161'\/ ,
hal, = 2a-l, m

Weld Check 1:

= 115363040.74N
pa

Weld Check 2:

o =1, = =55840293.8731 %}2

. 1I(72+3~ir2+r2i G
Unity Check: ]1—12:0.71531 andf 1 -0.193<1
u u
AW"YMW %MW

Weld size Plate/Column

Weld size: a=0.01 m

Normal Force: N=262.4939N

Moment: M=D-L =235925.57-0.082=19345.89674Nm
Stress Calculation:

612—112%4—%:2\/? -+ D"‘h2 :154518316.96%2
6
D
= =72369806.7485N
t2 2-a-l %nz
1lc52+3-i12+12i p
Unity Check: *— L 27-092<1 1 _-053<1

f, ' f,
BwTm, Tm,,
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10.2. Bolted fin plate connection

In this chapter we will show the calculation of a bolted fin
plate connection using example CON_010.esa, node N7.

Calculation Design Shear Resistance VRd for
Connection Element

Transversal section of the plate:
A=2.h-t=2-0.188-0.012 = 0.004512m? (2 plates)

Normal Stress: o = = 2024939 _ 56176 8305 l\/ ,
A 0.004512 m
. , t-h? 3
Flexion Module : W =2- =0.000141376m

Bolt Centre : a=0.0995m

Design Shear Resistance:

2 2
2-5,-a 2-5,-a a’® f
_E AN T EEN g, — | GZN_TV
W W N Y,
2
a 3
2'[W2+A2J
Calculation Design Shear Resistance VRd for Beam

Shear Area: A, =A—2-b-t; +(t,, +2-r)-t; =0.00191276m?
Net Area: A, =A, —-2-t,-d, =0.001689.56m

VRd =

fy 2
A, =0.00124860m

For the calculation of VRd in the beam, we use Avbecause A > .
u

A -f
Shear Resistance: VRd = —— = 235925.57N = 236kN
NER ™,

Calculation Design Tension Resistance NRd for Connection Element
Area: A=2-t-h=0.004512m?
Net Area: A, =A-2-t-2-d, =0.003648m”
Tension Resistance :
A-f, O.9-An .

fu
Npg = mir{ , « j = min(963927.27,1074501.81) = 963927.27N = 963kN

M, Tm,

Calculation Design Tension Resistance NRd for Beam

Area : A =0.003910m?

NetArea: A, =A—2-t-d, =0.0036868m’
A-f, 09-A .fu]

Tension Resistance : Ngy =min ,
1M, ™,

= min(835318.18,1085930.18) = 835318.18N = 836kN

= 266422.015N = 266kN
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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%*-¢® a%.d? 2-a-N-d)| N?
V2| =+ + +Vgy | ———— ——Q
M| n? |2 12 | -n n?
p p p
Where: a=0.0995m b =0.094m ¢ =0.0655m d=0.07m

4 2
=D 7 = 95.66” = 0.036761m
i=1

Q=min(2- F, gg, Min(Fy g piate’ Fo.ra,peam ) =31740.8256N for two plates, where

6-f A
. vad = h =30144N = 30.1kN
Y Mb
2.5-0Lp -f,-d-t
e Fyragean = =31740.8256N = 31.7kN
Y mb
with o _mln(— &—1 be ]:0,444
3d, '3d, 4 f,
250, -f, -d-t,
® Fy rd,plate = =122867.712N
Y Mb
with o _mln(— &—1 be ]:0,444
3d, '3d, 4'f,

By solving the second-degree equation, we find VRd = 67907.89N = 67.9kN

Calculation Design Block Shear Resistance
The design value of the effective resistance to block shear is determined by the following expression :

f.-A
Veff,Rd zy—m WithAv,eff =t Lv,eff

NER
We determined the effective shear area Av.eff as follows :
a; =0.049m a, =0.155m az =0.051m

L, =h-a; —a, =0.14m

—h

L, = min(LV +a, +a3;(LV +a, +a, —n-do)-f—”]
y

=min(0.24;0.2849) = 0.24m
L, =min(a;;5-d,) = 0.049m

L,=(a, - k-do)-:—“ =0.1685m
y

with k = 2.5 for 2 rows bolt
Lv,eff = min(l—v + L]_ + L2, I—3) = 024m

A, =0.001488m?

f
\/_ Y mo

Vi ra = =183534.40N =185kN
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10.3. Bolted cleat connection

In this chapter we will show the calculation of a bolted cleat
connection using example CON_011.esa, node N2.

To determine the design shear resistance for bolts in the flange of
the column, we use a iterative process with hp as parameter until
we reach a equilibrium :

f f

- ,beam ,cor
op = min| X0 Y
™, T,
/\ Corner
5
P LI
A d o Beam
Flange ) -
Column i oy [ o T Play —
\L hsT i____,‘f___ ) & ) Column
Aweb __///3’ —%nmer A Flange
Beam L

View A-A

We'll only consider the check for the final value of ho. We have the following data:

r =0.008m a=0.03m s =0.006m
b=0.4227-r +1.577-5s=0.0128436m b, =b—Play =0.0028436m
hp =0.011m lop = Y12 =0.029194m’
a
We compute: K=————=1.0951
l,, —n-a

We define xj=0.03m and z=0.165m respectively as the maximum horizontal distance between bolts
and d and the maximum vertical distance between the bolts and d. It corresponds to the further bolts
how is submitted to the higher force.

A=%+K‘(a—xj)=0.5 B=K.z; =0.18069
Q =min| Fy ry, Fo vy - 1-— N 1|_16224N where:
b,Rd' " v,Rd 14.n- Ft,Rd .
Fu. cor _ 06w As _16224N and Fi ra BRI ATPYERNY
Rd* f
¥ Mb ¥ ™Mb
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25-a,-f, -d-t
L ©r —22187.2N

FoRd.cor =
T Mb
with oy = minl s PL L Tw ) g o8
3d, '3d, 4'F,

25-a, -f -d-t
0('p u flange _ 778kN

Fde,fIange =
¥ Mo

Withocp=min i;&—l;fl’;l =1.0
3d, 3d, 4 f,

With those values, we have:

2Q _ _61032.94N D Qp =Viy-K- > 7; =5948.64N

V, =<
Rd,ColFlange m

Q
_ 2. :209194259.89'\/ )
hp -bp m

Sp

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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