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This playlist series focuses on the rigid connection calculation according to EN 1993-1-8. A
comparison is made with Ansys at the end of the series after hand calculation. Finally, tips for
applying the semi-rigid connection to RFEM are presented.

A portal frame with two levels is presented, as shown in the figure below. We went through
the connections in this playlist for both ends and beams. The Endplate welded to the HEA200
beam is bolted to a HEB300 column with 6M20 class 8.8, as shown in the figures below. Steel
material is S355 for all parties.

This video shows the rotational stuffiness of rigid and semi-rigid connections according to EN
1993-1-8. The contents are as follows:

a) Introduction to clause 6.3.

b) Different components’ stiffness coefficients according to Table 6.11.

c) Required stiffness coefficient to be considered in the calculation according to table
6.10.

d) Equivalent stiffness for Endplate according to 6.3.3.1.

e) Equivalent lever arm according to 6.3.3.1(3)

f) Rotational stiffness of the connection.

All dimensions are in mm unless otherwise specified.
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https://www.youtube.com/playlist?list=PL93CMz_T4xUAgP2RUqOnszKsvvvzLsAUi
https://youtu.be/K0q1YGHA-PE
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Table 6.1: Basic joint components

Reference to apphcation rules
Componcat Design Stiffness Rotaton
Resistance coefficient | capacity
| Veg ——=
Column web panel | N N 6.4.2 and
! in shear | 6261 632 6.4.3
| —~—Veg
[ A
Column web -
2 | In transverse [ 6262 632 6'2“'1 ‘;“d
COmpression | :
— tF oy
A
Frea
Column web
6.4.2 and
3 |in transverse 6263 632 a3
tension o
— l —Fiea
Column flange | 6.4.2 and
L | 2 2
4 | in bending | 6264 6.3 643
Il
. =
| + LEd
. | End-plate | o + PR 4 -
5 | in bending : - 6.2.6.5 6.3.2 6.4.2
| +
~2

6.3 Rotational stiffness
6.3.1 Basic model

(1)  The rotational stiffness of a joint should be determined from the flexibilities of its basic components,
each represented by an elastic stiffness coefficient &; obtained from 6.3.2.

NOTE: These elastic stiffness coefficients are for general application.

(2) | For a bolted end-plate joint with more than one row of bolts in tension, the stiffness coefficients k; for
the related basic components should be combined.|F01‘ beam-to-column joints and beam splices a
mefhod s given 1 6.3.3 and for column bases a method is given in 6.3 4.

(3) Ina bolted end plate joint with more than one bolt-row in tension, as a simplification the contribution
of any bolt-row may be neglected, provided that the contributions of all other bolt-rows closer to the
centre of compression are also neglected. The number of bolt-rows retained need not necessarily be
the same as for the determination of the design moment resistance.
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6.3 Rotational stiffness

6.3.1 Basic model

(4) Provided that the axial force Ng; in the connected member does not exceed 5% of the design
resistance Npcra of its cross-section, the rotational stiffness S; of a beam-to-column joint or beam
splice, for a moment Ajg4 less than the design moment resistance Af;zs of the joint, may be obtained
with sufficient accuracy from:

E:2 q_z

Sj'

B 1
H Zk_

i

.. (6.27)
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( k,_ keg(
where:
ki 1s  the stiffness coefficient for basic joint component i7;
- fc ray " oy ] .
z is the lever arm, see 6.2.7; —= ( ¥o M,

u 1s  the stiffness ratio §,,,/S,. see 6.3.1(6).

NOTE: The inifial rotational stiffness Sy of the joint is given by expression (6.27) with = 1.0.

6.3 Rotational stiffness

6.3.1 Basic model

(6)  The stiffness ratio x# should be determined from the following:
- lf ‘lj Ed (_ 2 '; ~‘[),Rd:
u=1 ... (6.28a)
- if 2/3 _\IJ Rd < ‘l] Ed < A‘IJ Rd-
(LSM g, I M, 2)* .. (6.28b)

=
Il

in which the coefficient v 1s obtained from Table 6.8.

Table 6.8: Value of the coefficient y

Type of connection @
Welded 2,7
Bolted end—plate> ( 2%
Bolted angle flange cleats Y
Base plate connections 2,7
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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 into account
One by by ks ke kst by

Single-sided

Two or more kv ko kg

6.3.3 End-plate joints with two or more bolt-rows in tension

6.3.3.1 General method

(4) In the case of a beam-to-column joint with an end-plate connection, 4., should be based upon (and
replace) the stiffness coefficients 4; for:

-~ the column web in tension (%3):

= the column flange in bending (/)
N the end-plate 1n bending (4s)
= the bolts 1 tension (/o)

Table 6.11: Stiffness coefficients for basic joint components

Component Stiffness coefficient k,
Unstiffened, stiffened
single-sided joint, or a double-sided joint in
which the beam depths are sumilar

Columm web
panel in shear

P (= I = o
(5, E !
B is the lever arm from Figure 6.15;
[ <—~p 1s the transformation parameter from 5.3(7).
Colunm web in | unstiffened stiffened

conipression 0,7 b.»ﬁf P U me,
fey = sl ey =0
e N

132 . 0 .
Mo chtwc width from 6.2.6.2

stiffened or unstiffened bolted connection with | stiffened welded connection
a single bolt-row in tension or unstiffened
welded connection

0‘?;}“ Iowe IM N) ({
eff .t < f) by, A’;ZI

@y 208u,

begrrwels the effective width of the column web in tension from 6.2.6.3. For a joint with a
single bolt-row in tension, beg,w should be taken as equal to the smallest of the
effective lengths (. (individually or as part of a group of bolt-rows) given for this
bolt-row in Table 6.4 (for an unstiffened column flange) or Table 6.5 (for a
stiffened column flange).

Columm web in
tension

3
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Basic Component Bolt Row #1 1(eff) mormx  Bolt Row #2 m
Column Web in Shear Video#7 - - - - - -
Column Web in Transverse Compression Video#5 b(eff.c.wc) @ - - - - -
in Transverse Tension —Video#2 b(eff.t.we) k3.1 k3.2
olumn Flange In Bending lideot I(eff) k4.1 _238 379k42 _238 37.9
End Plate in Bending 1(eff) ks.1 25 G3Hks.2 368
Bolts In Tension - - k10.1 - - k10.2 - -

Beam Flange and Web in Compression

Video#6 Infinity

Table 6.11: Stiffness coefficients for basic joint components

2 P8m
Component Stiffnesy cmeff cient k
PN
Columm flange £ - - 09¢ o | JRGN (T
in bending M m
for a single —3%.20
{-il-_‘_—:— (g 1s the smallest of e effective lengths (individually or as part of a bolt group) for
w this bolt-row given in Table 6.4 for an unstiffened column flange or Table 6.5 for a
tension) stiffened column flange;
m 1s as defined in Figure 6.8.
1
End-plate in i 0917 P@r Iy
bending ?
for a single ; m’ . : e
{)3’1“'41:- (. is the smallest of the effective lengths (individually or as part of a group of bolt-
oli-Tow 1 rows) given for this bolt-row in Table 6.6;
tension) m 1s generally as defined in Figure 6.11. but for a bolt-row located in the extended part

of an extended end-plate m = m, . where m, is as defined in Figure 6.10.

Bolts in tension
(for a smgle k1o

24S (MZQ) — (g

164, /L, !7 preloaded or non-preloaded

bolt-row)
L,

is the bolt elongation length. taken as L(]ll:l] to IIIL unp length (total thickness of
material and washers), plus half the sum of the height of the bolt head and the
height of the nut.

NOTE 4: For beam flange and web in compression (k;), beam web in tension (ks), plaie in tension
or compression (ko), haunched beams (ki), the stiffness coefficients should be taken as equal to
infinity. These components need not be taken into account when calculating the rotational stiffness

S;.

P/ \N
amn
A\ /4
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6.3.3 End-plate joints with two or more bolt-rows in tension

6.3.3.1 General method

(1)  For end-plate joints with two or more bolt-rows in tension, the basic components related to all of these

bolt-rows should be represented by a single equivalent stiffness coefficient k., determined from: »\
W= 2 zd-h
Zﬁ'w._r!’}r L‘ 23136
kg = —— .. (6.29) b
<, a
where:

h, 1s  the distance between bolt-row r and the centre of compression;

ket 18 the effective stiffness coefficient for bolt-row r taking into account the stiffness coetficients
k; for the basic components listed in 6.3.3.1(4) or 6.3.3.1(5) as appropriate;

Zeq 1s  the equivalent lever arm, see 6.3.3.1(3).

(2)  The effective stiffness coefficient k., for bolt-row r should be determined from:

1 k (
Fottr = =5 = (630
ff 1 < r£ ! ( l )
ll 9 _'+\<_*L*(—' /cs
Ksr Sy Rep %oy s e

Y &

where: S &

fip 18 the stiffness coefficient representing component 7 relative to bolt-row ». v

(3)  The equivalent lever arm z.; should be determined from:
z}‘-vﬁ'l he

. (6.31)
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ky:=10 mm ky:=10 mm ks ,:=8.8 mm ky5:=8.8 mm h,:=225 mm E:=210 GPa
ky,=27 mm kyo:=27 mm hy:=135 mm z:=180 mm
ky,:=12.15 mm ky 5:=6.75 mm
#:: l
kip.,=8.7T mm kip0=8.7 mm
keprq= L =2.874 mm keproi= : =2.417 mm
T 11 I 1 ' e EERE 1 '
o+ o+ oo
ksy ke ksyo Ko k2 kiz ks Kio2

koprioh +koraohy” kotryohy+korrosh
=l 1 7 el 2 _194.82 mm kpyim— L 22 4,994 mm
Kegpashyt+kesrashy Zeq

€q

E.2? 4
Sym =(1.7-10") kN.m i3
e e
("‘I ky "’«-q)
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