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Design example of a joint
with extended end plate

in a single-sided beam-to-column joint configuratio n
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HEB140: IPE220:
h =140 mm h =220 mm
b =140 mm b =110 mm
tr = 12 mm tt = 9,2 mm
tw =7 mm tw =5,9 mm
r =12 mm r =12 mm
A =4300 mm?2 A =3340 mm?2
fy =235 N/mm?2 W, = 285000 mm3

fy =235 N/mm?2

End plate: Bolts:

b, =140 mm 6 M16 - 8.8

tp = 12mm dy = 16 mm
w =80 mm As =157 mm?

fy =235 N/mm? fu =800 N/mm?




In SCIA Engineer the correct Partial Safety factors are given:

Partial safety factors

Gamma MO 1.00
Gamma WM 1.00
Gamma M2 1.25
Gamma M3 1.25

And the check will be done in this example for the following internal forces:
1.Internal forces

LEA
N 0.o00 kN
Vz 10.00 kN
My -10.00 kNm

Tension top

A negative moment results at tension for the top flange.

1.1. Design resistance of basic components
1.1.1. Column web panel in shear (EN 1993-1-8 art. 6.2.6.1)

0,91y wAy

|74 =—
wpRa \/§VMO
Shear area of the column:
Ape =A—=2-b-ty + (t, +2r) tf
A, =4300—-2-140-12+ (7+2-12)-12 = 1312 mm?

v 0,9fy’WAv 0,9-235-1312
,Rd= =

" \/§YMO v3-1

In SCIA Engineer:

2.1. Design resistance of basic components

2.11. Column web panel in shear ( EN 1993-1-8 art. 6.2.6.1)

1072 = 160,2 kN

Column web in shear (Vwp,Rd) data

Column web in shear (Wwp, Rd) 180.21 kM
Beta 1.00

Avec 1312.00 mm*2

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

_ WRweberrcwetwefywe W Rwe'pDesfewetwefywe
(6-9)- Fc,wc,Rd - YMo but Fc,wc,Rd = Yi1
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(6.11):  bess = trp + 2V2a, + 5(tc +5) +5,
s, =12+ (15-+v2-5) = 19,93
Above the bottom flange, there is sufficient room to allow 45° dispersion
Below the bottom flange, there is NOT sufficient room. Thus the dispersion is limited.
berr =92+ 2v2-5+5(12 +12) + 19,93 = 163,27mm

Table 5.4: B=1=>Table 6.3;: w=wy
1 1

w=w = —= = = 0,71
J1+1,3(beff_c_wc-A—w) J1+1,3(162,3-E)2
ke =1
wkyeb twef; 0,71-1-163,27-7-235:103
chcRd — wc'Peff.cwetwelywe — - 190’7 kN
[t YMo 1
In SCIA Engineer:

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

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

Column web in compression (Fc,wc Rd) 190.56 kM
beff,c,wc 163 .27 mm
twe 7.00 mm
omega 1 0D.71

omega 2 D.45

omega 0D.71

kwc 1.00
lambda_rel 0.55
reduction factor for plate buckling 1.00

dwc 92.00 mm

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

. _ Mcpqg _ Wprfyp 285101351073
(6.21): Fc_ﬂ,_Rd = (h—tsp) = Yot (hetrp) = i@z 317,7 kN
Wor .103 3. 103 2
Mc,Rd — 51 fyb _ 28510°mm 2315 107 3kN /mm’ = 66975 kNmm = 66,98 kNm
Mo

h =t =220—-9,2 = 210,80 mm

M 66975 kKN
oRd M — 317,72 kN
(h_tfb) 210,80 mm

Fefpra =
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)} 31772 K
section class 1

Mec Rd 66.98 Kdm
hb-tfh 210.80 mm

1.1.4. Design tension resistance of bolt row

General data of the used bolts (M16 — 8.8)

Fypa = 22100 = 02000 157 M ~90432 N = 90,43 kN
M "




2.1.4. Design tension resistance of bolt-row

Ft,Rd data
fub &00.00 IMPa
Az 157.00 mm* 2
k2 0.50 -
Ft,Rd 90.43 kM
L 38.80 mm

Note: The bolt-rows are numbered starting from the bolt-row farthest from the centre of compression
as specified in EN 1993-1-8 Aricle §.2.7.2 (1).

1.1.4.1. Column flange
When looking at Table 6.4 of the EN 1993-1-8, we can make the following bolt-row locations:
Row 1 and row 3: End bolt-row
Row 2: Inner bolt-row
And the same bolt-row location will be shown in SCIA Engineer:
2.1.4.1. Column flange
According to EN 1993-1-8 Article 86.2.6.3, 6.2. 6.4
(effective lengths in mm, resistance in kN)

row Bolt-row location
1 Other end bolt-row

Other inner bolt-row
3 Other end boli-row

Definitions of some parameters:
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Figure 6.8: Definitions of e, e,,, . and m

R —
269 30

e=30mm

bt
m=%—0,8r—e

(see also EN1993-1-8 (Figure 6.8))
= (140 -7)/2-0,8-12—30

=26,9mm
€min = 30 mm

n = €nin

<125-m=1,25-26,9 = 33,6mm
(see also EN1993-1-8 (Table 6.2))

n =30mm

B min




Row P (P

Rl )
1 0.0 +
35.0
2 35.0
+

70.0

3 70.0
+ 0.0

In SCIA Engineer:

row p (pl+p2) alpha e el m n
1 0.0+35.0 - 30.00 1860.00 26.910 30.00

35.0+70.0 - 30.00 - 26 .90 30.00
3 T0.0+ 00 - 30.00 1830.00 26 .90 3o.o0

les Will be calculated by following table for an unstiffened column flange:
Table 6.4: Effective lengths for an unstiffened column flange

Bolt-row considered Bolt-row considered as
Bolt-row  |mndividually part of a group of bolt-rows
Location  |Circular patterns  [Non-circular patterns Circular patterns Non-circular patterns
{!Em {einc. Ea’icu [‘EE,D:
[nner "
a - ') 7
boli-row < b+ 120w + ?
End The smaller of: The smaller of: The smaller of: The smaller of:
bolt ) 2am dm+ 1,25 mm+p I2m+ 0625 +0.5p
e am + Qg 2m+ 06252+ g 2e1+p e +05p
Mode 1: fez1 = fogne bt Limy = bag Ylar = Phegae but Yl = Ylag
MDdE Z Eeff.i = Ee&'.m: Zfeﬂ = ZEEEDE

Bolts rows considered individually
Row 1
let Circular patterns: the smaller of:
2mm = 2*3.14*26,9 = 169,02
Tm + e; = 3.14*26,9 + 1860 = 1944,51

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

Row 2
less Circular patterns: 2rm = 2*3.14*26,9 = 169,02
les NON-circular patterns: 4m + 1,25e = 4*26,9 + 1,25*30 = 145,10

Row 3
less Circular patterns: the smaller of:
2mm = 2*3.14*26,9 = 169,02
Tm + e; = 3.14*26,9 + 1930 = 2014,51

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

gl Lo

Row les Circular | o 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
1 185.02 145.10
169.02 145.10
3 169.02 145.10
Mode 1 : |eﬂql = |eﬂqnc but | eff1 < Ieﬂq cp => Ieff’l =145.10
Mode 2 : |eff'2 = |eff'nc => Ief-f’z =145.10

Following Table 6.2 (EN 1993-1-8) Mode 1, Mode 2 and Mode 3 has to be calculated if the
check for the prying forces is fulfilled.
Ly, is the bolt elongation length, taken as equal to the grip length (total thickness of material and
washers), plus half the sum of the height of the bolt head and the height of the nut.
Lp =t + tp + tyasher + (hbolt_head + Npu)/2
=12+12+ 3,3+ (10 +13)/2
= 38,8mm
Prying forces may develop if L, < Lp*
A is the tensile stress area of the bolt Ag
8,8m> A, 8,8 (26,9)%- 157
T Tl T 145,10 (12)°
(with n, = number of bolt rows)
= L, <L
= Prying forces may develop

L} -1 =107 mm

This check is fulfilled, so mode 1; Mode 2 and Mode 3 will be calculated:

2 0,25 - 145,10 - 12%-235-1073

Mpl,l,Rd = Mpl,Z,Rd = 0,252 lefftffy/YMO = 1 = 1227,5 kNm
Mode 1:

4M. 4-1227,5
Frira = I;;;LRd =29 = 182,5 kN
Mode 2:

2Mpy o pa + Y Fipg  2-1227,5+30-2-90,43
F — Z27pl2 e = 138,5 kN

T.2Ra m+n 26,9 + 30

Mode 3:

Fraga = z Fira = 290,43 = 180,9 kN

FT,fC,Rd = 138, 5 kN

=

And this is also shown in SCIA Engineer:
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For individual bolt-row :

row leff,1 leff, 2 Lb* Prying FT,1,Rd FT,2 Rd FT,3,Rd Ft fe,Rd,i
forces

1 145.10 145.10 107.26 s 182.53 138.51 180.86 138.51

2 145.10 145.10 107.26 v 182.53 138.51 180.86 138.51

3 145.10 145.110 107.26 I 182.53 138.51 180.86 138.51

COLUMN WEB IN TENSION:

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

FT,WC,Rd =

YMmo

(see also EN 1993-1-8 : 2005; formula (6.15) )
With: beff,t,wc = leff = 145,10

And w, to allow for the possible effects of shear in the column web panel, should be determined

from Table 6.3 (EN 1993-1-8):

Table 6.3: Reduction factor « for interaction with shear

Transtormation parameter /5 Reduction factor o
0 = 5 = 0.5 ] = 1
0.5 = Jii < 1 (0] = w1+ 2(1 =/ (1 —m)
B = 1 @ = W
1 < Jif < 2 @ = w1+ (f—1)(w;— o)
B = 2 o = @,
1
W= — - w1= — -
\."Il + I.S(bgﬂ:c_wc tlA,.) J1+ 5-2(’-{’4;:“ tlA,.)
A, 1s  the shear area of the column, see 6.2.6.1:
Jij 1s  the transformation parameter. see 5.3(7).

12




And:

Table 5.4: Approximate values for the transformation parameter g

Type of joint configuration Action Value of
7] Mb1,Eq
Mh1,Ed \
N\ l
? .' '/ My1ka g =1
I
iy
_/\/__
Mpi1ra = Mooza B=10 %
M M M M
b2,Ed bi,Ed  b2,Ed b1,Ed .
/ / N\ Muipa/ Mpapa = 0 f =1
\‘\ /J \ .r .r'/ ik{bl_Ed .-"rﬂfhg,};d <0 B = 2
LA
Miuigda + Myprra = 0 ﬁ = 2
*) In this case the value of S is the exact value rather than an approximation.

In this example:

1

B=1
W= W
W= w =

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

A‘DC=A_2.bc.tfc+(twc+2rc).tfc
A, =4300—2-140-12 + (7 +2-12) - 12 = 1312 mm?

1

1

w = wl = = > = 0,75
J1+1.3(beff,c,wctwc/Avc)Z J1+1,3(145,10-7/1312)
wberftwetwefywe _ 0,75:145,10:7-235-1073
= Frwcra = et },WA:OW == 1
= FT,WC,Rd = 179 kN
In SCIA Engineer:
row beff, t, we omega 1 omega 2 omega Ft,wec Rd,i
1 145.10 0.75 0.49 0.75 178.95
145.10 0.75 0.49 0.75 178.95
3 145.10 0.75 0.49 0.75 178.95

Bolts rows considered as part of a group of bolt-rows

ROW 1

Lef circular begin bolt-row = T + peng = 3,14 * 26,9 + 70 = 154,51
Les non circular begin bolt-row = 2m + 0,625e + 0,5p = 2*26,9 + 0,625 * 30 + 0,5 * 70 = 107,55

13




ROW 2

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

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

Le circular end bolt-row = Tim + peng = 3,14 * 26,9 + 70 = 154,51

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

ROW 3

Le circular end bolt-row = T + peng = 3,14 * 26,9 + 140 = 224,51
Less noN circular end bolt-row = 2m + 0,625e + 0,5p = 2*26,9 + 0,625 * 30 + 0,5 * 140 = 142,55

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

Summary:
Ro lett ler NON lett ler NON l et ler NON
w circula circula circula circula circula circula
r r r r r r
inner inner end end begin begin
bolt- bolt- bolt- bolt- bolt- bolt-
row row row row row row
1 - - - - 154,51 107,55
210.00 105.00 154.51 107,55 224,51 142,55
- - 224,51 142,55 - -
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
2 210.00 105.00 154 .51 107.55 o o
3 - - 224.51 142.55 - -
Mode l . 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:
Ylefrep = 154.10 + 154.50 = 309.02
Y leffne = 107.55 + 107.55 = 215.10
Mode 1 = Mode 2 : | o = 215.10
0,25-215,1-122-235-10_3
Mpl,l,Rd = Mpl,Z,Rd = 0,252 lefftjgfy/)/MO = 1 = 1819,8 kNm
Row 1-3:
Ylefrep = 154.51 4+ 210.00 + 224.51 = 589.02
Y leffnec = 107.55 +105.00 + 142.55 = 355.10
Mode 1 = Mode 2 : | . = 355.10
0,25-355,1-122-235-10_3
Mpl,l,Rd = Mpl,Z,Rd = 0,252 lefftjgfy/)/MO = 1 = 3004,1 kNm
Prying forces may develop if L, < Lp*
L, =38,8mm
Row 1-2:
« _ 88miAs _ 88(269)°%157
b7 Tiepst? b = 31510-(12)° 2 =145mm

14




Row 1-3:

> L, <L,

« _ 88mi4s

_ 88(26,9)*157

b

T Sleggt}

n, =

355,10-(12)3

(with n, = number of bolt rows)

= Prying forces may develop

Row 1-2:

Mode 1: Fr 1 rq

_ 4Mpi1,Rd _ 418198
T m T 269
_ 2Mpi2Rdt MY FtRrd _ 21819,8+30-4-90,43

-3 =131mm

= 270,6 kN

Mode 2. FTZRd = = 254,7 kN
e m+n 26,9+30
Mode 3: Frapa = ZFt_Rd =4-90,43 = 361,7 kN
o FT,Rd = 254,7 kN
Row 1-3:
am .
Mode 1: Fpq = —22f8 = 23900 — 446,7 kN
2M +nYF 2:3004,1+30:6:90,43
Mode 2: Fyp g = —aplzRe M2 ura _ * = 391,7 kN
e m+n 26,9+30
Mode 3: Frspq = % Firqg = 690,43 = 542,6 kN
> Frpqa =391,7 kN
In SCIA Engineer:
For bolt group
group leff,1 leff,2 Lb” Prying FT.1,Rd FT,2,Rd FT,3,Rd Fi,fc ,Rd, g
forces
i= 1 145,10 145.10 107.26 s 182.53 1338.51 120 .86 138.51
1- 2 215.10 21510 144,71 W 270.59 254 BB 361.7T3 254 68
- 3 A55.10 355.10 131.48 ' 446.71 391.87 542.59 391.867

COLUMN WEB IN TENSION for row 1-2:
1

w = (Ul =
= FT,wc,Rd
L]
= FT,wc,Rd

COLUMN WEB IN TENSION for row 1-3:
1

w = w =

= FT,wc,Rd
L]

= FT,wc,Rd

1

Wberf ewctwelfywe _

J1+1r3(beff cwetwel/ Ave)? ‘/1+1'3(215’10.7/1312)2

0,61-215,10-7-235-1073

YMo

=215kN

1

1

wberf twctwefywe _

J1+1v3(beff cwetwe/ Ape)? /1+1,3(355,10-7/1312)?

0,42:355,10-7-235-103

YMmo

=245 kN

In SCIA Engineer:

1

=0,61

=042
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group beff,t, we omega 1 omega 2 omega Ft,wec,Rd, g
1- 1 145.110 0.75 0.49 0.75 178.95
1- 2 215.10 0.61 0.36 0.61 214.86
1- 3 355.140 0.42 0.23 0.42 245.40

1.1.4.1. End plate

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 8.2.6.5, §.2.6.8
(effective lengths in mm, resistance in kN}

row Bolt-row location
1 Bolt-row outside of beam

First bolt-row below tension flange of beam
3 Other end bolt-row

Definitions of some parameters:

by *‘/E
e J w P Some pictures

= from Figure 6.10

' of EN 1993-1-8.

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

Row 1

€ = hendplate - hrowl - diStanceEndplate_under—IPE220_under
e, =305-250-15=40

fyd Weld size
< 240 N/mm? arz 0.5t
ay= 0.5 twp
> 240 N/mm? arz 0.7 tm
ay= 0.7 tws

af = 015'tfb = 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

16
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n = enp, =40mm
<1,25-m=1,25-24,34 = 30,42mm

n =30,42mm

w =80 mm

Row 2 and Row 3
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Figure 6.11: Values of « for stiffened column flanges and end-plates
e =30 mm

" m
= — —_—
maz

m+a

__m \
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fyd Weld size

£ 240 N/mm? az 05ty
ayz 0.5 tup
> 240 N/mm? ar= 0.7ty
awz 0.7 tup

a, = 05-t,, = 0559 =30
m = Zmdpatetve_,_0g8.q.2 (seealso EN1993-1-8 (Figure 6.10))
=159 _30-0,8-3-v2 =33,66 mm

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

n =30mm
=
O N
~ =
[an]
iy
a Tyl
W g %
ey “LDJ
0.0
150 130 140.0
Myrowz = €x —tp —0,8-a - V2
My rowz = (35 +22) = 92— 0,85 V2 = 24,74 mm
Marows = hrows — ty — 08" ar \/E
My rows = 35 +22) =92 — 0,852 = 24,74mm
Lo_m 3366 _
" m+e 3366+30
_ _ Myrowz 2474
/12,row2 = )]-Z,row3 — te = 33,66 + 30 =0,39
= Alpha =5,9 (Figure 6.6; EN 1993-1-8)
Row p e m n Lambda_1 Lamba_2 alpha
(P1
+
p2)
1 0.0 40 24,34 30,42 - - -
+ =
35.0 )
2 35.0 30 33,66 30 0,53 0,39 5,99
+
70.0
3 70.0 30 33,66 30 0,53 0,39 5,99
+
0.0

18



In SCIA Engineer:

row p_(pl1+p2} alpha e £ m I il
1 0.0+35.0 - 30.00 40.00 - 2434 30.43
2 35.0+70.0 599 30.00 - 33.66 - 30.00
3 70.0+ 0.0 - 30.00 - 33.66 - 30.00

let Will be calculated by following table for an extended end-plate:
Table 6.6: Effective lengths for an end-plate

Bolt-row considered

Bolt-row considered as

Bolt-row mdividually part of a group of boli-rows
location Circular patterns Non-circular patterns | Circular patterns Non-circular

[eﬁ'.cp Cemrnc [eﬁ'_cp patterns Catine

Smallest of:
) Smallest of g
Bolt-row outside Yo s 4, +1,23e,
tension flange R e+2m+0.625e, — —
o+ w 2
of beam o+ Do 0,55,
e 0.3w+2m,+0.623e,

First bolt—n_)W " B5pi-am
below tension 2mm am mm+p — (m+0.625¢)
flange of beam R B
Other inmer o

2 +1:23:@ 2
bolt-row b o] dm+125e )] P
Other end " _ _

2 +125e m + 2m+0.625 3,
bolt-row 2mm dm+125e am+p m+0,625e+0,5p
Mode 1: [eﬁ'_l = [eﬁ'.n.: but [eﬂ_l = '[e&'_tp E[eE! = E{eﬂ'.a.c but E[eff__l = E[eff__cp
Mode 2: [aﬁ'_f = [eﬁ'.n.: E{eﬁ: = E[eﬂ',:u:

o should be obtained from Figure 6.11.

Bolts rows considered individually

Row 1:
lets Circular patterns = smallest of:
2mm, = 2*3,14*24,34 = 152,93
mm, +w = 3,14*24,34 + 80 = 156,47
T, +2e = 3,14*24,34 + 2*40 = 156,47

lest NON circular patterns = smallest of:
4m, +1,25 e, = 4*24,34 +1,25 * 40 = 147,36
e+ 2m, + 0,625e, = 30 + 2*24,34 + 0,625*40 =103,68
0,5b,=0,5*140=70
0,5w+2m, + 0,625 e, = 0,5 *80 + 2*24,34 + 0,625*40 = 113,68

Row 2:
lets Circular patterns = 2rim = 2*3.14*33,66 = 211,49
le NON circular patterns: am = 5,99 * 33,66 = 201,62

Row 3:
lets Circular patterns = 2rim = 2*3.14*33,66 = 211,49
let NON circular patterns: 4m + 1,25e = 4 * 33,66 + 1.25 * 30 = 172,14mm

Row |

les circul

ar

| o non-circular
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patterns patterns
152,93 70,00
211,49 201,62
211,49 172,14

In SCIA Engineer:

row leff.cp.i leff.ne.
1 152.95 70.00
2 211.47 2.57
3 211.47 17212
ROW 1:
Mode 1 : Ieff,l = |ef‘f,nc but | eff,1 < Ief‘f, cp => Ief‘f,l =70
Mode 2 : |eff'2 = |eff'nc => Ief-f’z =70

Prying forces may develop if L, < Lp*

L, =38,8mm
. 88m A 8,8 (24,34)%- 157 L 165
= . = - = mm
P Slegt? 70 - (12)°
(with n, = number of bolt rows)
= Ly, <Lj

= Prying forces may develop

This check is fulfilled, so mode 1; Mode 2 and Mode 3 will be calculated:
Following Table 6.2 (EN 1993-1-8) Mode 1, Mode 2 and Mode 3 has to be calculated:

) 0,25-70-12%-235-1073
Mpi1,pa = 0'252 leprti fy/Ymo = I =592 kNm
Mode 1:
4M 11,Rd 4' * 592
F == = = 97,32 kN
T1Ra m 24,34 ’
Mode 2:
2M +n)F 2-592+30,43-2-90,43
_ pl,2,Rd tRd _ , S _
Frana = m+n 24,34 + 30,43 122 kN
Mode 3:
Frapa = z Fira = 2-90,43 = 180,9 kN
o Frgcra =97,32 kN
ROW 2:
Mode 1 : Ieff']_ = |ef-f’nc but | effl < Ief-f’ cp => Ief-f’l =201,57
Mode 2 : l 2 = lefinc => |, = 201,57
Prying forces may develop if L, < Lp*
L, =38,8mm
Lo 88m*A;  88(33,66)° 157 L= 151
P TN T 20157-(a2f 0
(with n, = number of bolt rows)
2 L, <L,

= Prying forces may develop
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This check is fulfilled, so mode 1; Mode 2 and Mode 3 will be calculated (Following Table 6.2
(EN 1993-1-8):

My 1 pa = O,ZSZ leffffzfy/)’Mo _ 0,25-201,57 - 122 +235-1073 — 17053 kNm
Mode 1:

Fr.ipa = 4M’;;1'Rd -2 '313?265’3 = 202,65 kN

Mode 2:

Frpa = ZMpl'Z'};Z:ZZ Fi pa _ 2- 17053,33:';-63-2 3(2) -90,43 — 138,81 kN

Mode 3:

Frara = z Ferg = 2-90,43 = 180,9 kN

Frfcra = 138,81

>

BEAM WEB IN TENSION:

In a bolted end plate connection, the design tension resistance of the beam web should be
obtained from:

Frwbra = berr.twbtwnfywn/Vmo (see also EN 1993-1-8 : 2005; formula (6.22) )

Defrtub = lefne = 201,57

D Fpyppa = 2LLbwblywh _ 901 57.59.235-1073/1

YMo

& Frycra = 279,48 kN

ROW 3:

Mode 1 : Ieﬂ’l = Ief-f’nc but | effl < Ieff' cp => |eﬂ'1 =172,14

Mode 2 : |eﬁ42 = Ieff’nc => |eﬂ42 =172,14

Prying forces may develop if L, < Lp*

L, =38,8mm
8,8 m> A 8,8 (33,66)%- 157

b = =ny, = —1=177,14mm

Xlepsty 172,14 - (12)

(with n, = number of bolt rows)

= L, <L}

= Prying forces may develop

This check is fulfilled, so mode 1; Mode 2 and Mode 3 will be calculated (Following Table 6.2
(EN 1993-1-8):

) 0,25- 172,14 -122-235-1073
My 1 pa = 0,252 Lesrtfy /Yoo = - — 1456,30 kNm
Mode 1:
aM 4-1456,3
_ pl,1,Rd — A
Fraga=—"21 33.66 173,06 kN
Mode 2:
2M +nYF, 2-1456.3 + 302+ 90,43
_ “Mpi2Ra tRd _ xS _
Frape = m+n 33,66 + 30 130,98 kN
Mode 3:

Frara = z Ferg = 2-90,43 = 180,9 kN
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Frfcra = 130,98

=

BEAM WEB IN TENSION:
In a bolted end plate connection, the design tension resistance of the beam web should be
obtained from:
Frwbra = begrewptwnfywb/Vmo
bef‘f,t,wb = Ieff,nc = 201157

S Froppa = LLwblywh _ 975 94.59.235-107%/1

YMo

= Frycra = 238,67 kN

(see also EN 1993-1-8 : 2005; formula (6.22) )

In SCIA Engineer:
For individual bolt-row :

Bolts rows considered as part of a group of bolt-rows

lest Will be calculated by following table for an extended end-plate:

ROW 1

Same as individual bolt row

ROW 2

row leffi leff2 Lb* Prying forces FT.1,Rd FT.2 Rd FT.3.Rd Ftep Rd.i

1 70.00 70.00 164.77 rd §7.31 122.10 180.85 97.31

2 201.57 201.57 151.22 s 20287 138.82 180.86 138.82

3 17212 17212 177.08 rd 173.07 130.99 180.85 130.99
row befftwh Ft whb Rdi

4 - -

2 201.57 27947

3 17212 23865

L circular begin bolt-row = m + p = 3,14 * 33,66 + 140 = 245,73
Les nonN 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

Leg circular end bolt-row = im + p = 3,14 * 33,66 + 140 = 245,73
Less noN circular end bolt-row = 2m + 0,625e + 0,5p = 2*33,66 + 0,625*30 + 0,5*140 = 156,07

Summary of values:

Ro lott les NON lest les NON e les NON
w circula circula circula circula circula circula
r r r r r r
inner inner end end begin begin
bolt- bolt- bolt- bolt- bolt- bolt-
row row row row row row
- - - - 245,73 185,51
- - 245,73 175,51 - -
In SCIA Engineer:
oW leff cp.ginner leff.nc ginner leff cp gend leff.nc.g.end Eeffcp g start leff.nc. g start
1 152,85 70.00 - - - _
2 = = = = 24573 18551
3 - - 24573 155.06 - -

Mode 1: Z leff,l = Z leff,nc bUt Z leff:1 < Z leff,cp
Mode 2 : ! leff,z =) leff,nc
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Row 2-3:

Y leprep = 245,73 + 245,73 = 491,46
Y lefrnc = 185,51 + 185,51 = 341,57

Mode 1 = Mode 2 : | .4 = 341,57

In SCIA Engineer:

aroug effcog effoca
1- 1 152.95 70.00
22 211.47 201.57
23 491.47 341.57
Prying forces may develop if L, < Lp*
L, =38,8mm
L= 8,8m> A, _ 88 (33,66)%- 157 9 =179
b TNl v T Tmars7oaz? o

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

This check is fulfilled, so mode 1; Mode 2 and Mode 3 will be calculated (Following Table 6.2

(EN 1993-1-8):
0,25 - 341,57 - 122 - 235 - 1073

Mpi1,ra = Mpi2,pa = 0.252 lefftjgfy/)/MO = 1 = 2889,7 kNm
Mode 1:
4M, 1 ra 428897
Froga = ————= = 343 kN
T.LRd m 33,66
Mode 2:
2M. +n)F 2-2889,7+4+30-4-90,43
Frora = P2 2 Fia = = 261,2 kN
o m+n 33,66 + 30
Mode 3:
Fr3pa = z Fira = 490,43 = 361,7 kN
> Frpq = 261,2 kKN
In SCIA Engineer:
For bolt group :
qroug leffq leff2 Li* Prving forces FT.1.Rd FT.2.Bd FT.2.Rd FlepBd.g
1- 1 70.00 70.00 16477 ra 9731 12210 180.86 97.31
2- 2 201.57 201.57 18122 rs 20287 138.82 180.86 138.82
2- 3 34157 341.57 17847 s 343.44 26127 361.73 26127

BEAM WEB IN TENSION:
S Frwpra = ”fffw;’w =341,57-5,9-235-1073/1
Mo

& Frycra = 473,6 kN

In SCIA Engineer:

Qroup beffiwh Fiwb Bd.g
1- 1 - -
2- 2 201.57 27947
2- 3 341.57 473.58
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1.2. Determination of M gq
The design moment resistance M;rq 0f @ beam-to-column joint with a bolted end-plate
connection may be determined from:
M;ra = Xy hrFiy pa (EN 1993-1-8; §86.2.7.2)
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)
In SCIA Engineer:

2.2, Force distributionin boltrows
2.2.1. Potential tension resistance
According to EN 1883-1-8 Article 6.2.7.2 (8),3)

row FticRd i FtfcRd. g Ftwec Rdi Ft wc Rdg Ftep, Rd,i Ftep.Rd. g Ft whb Rd.i Ft.whb Rdg Ft.r Rd
1 138.51 138.51 178.95 178.95 97.31 873 - - 97.31
13851 157.37 178.95 117.55 133.32 13882 27947 278.47 117.55
3 138.51 176.82 178.95 3054 130.99 14372 23865 355.04 3054

Following §6.2.7.2 (6) and (8)

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

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

This is also shown in SCIA Engineer:

2.2.2. Aszessment ofthe shear and compression zone
According to EN 1593-1-8 Artide 6. 2.7.2 (7)

Column web n shear (\Wwp Rd/Beta) 160.21 kN
Column web n compression (Fc,wc,Rd) 190.56 kM
Beam flange and web n compression (Fc,fb,Rd) 3M7F2 kM

Limiting resistance = 160.21 kN

For the first boltrow Fyrg; = 97,31kN.
The maximum value for bolt row 2 is: Fygg> = 160,2 - Firq2 = 62,9kN.
And row 3 will not take any resistance.
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:

Lo FirRd Decregze FirRd
1 97.31 0.00 97.31
prd 117.55 54 65 6290
3 3054 30.54 000

Following 86.2.7.2 (9) the value 1,9 Frq has to be checked also:

19 Fira=1,9*90,43 kN =171,82 kN

The formula Fyy gy < 1,9F, g 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 1593-1-8 Article 6§.2.7.2 (3)
Limit: 1.5*Ft,Rd = 171.82 kN

Lo Fir.Bd =_Limit Decregze Fir.Rd
1 87.31 no - 97.31
2 6290 no - 6290
3 0.00 no - 0.00

So Mjrg can be calculated with the following values:
hrow1 = 250 — 9,2/2 = 245.4 mm
hrow2 = 180 —9,2/2 =175.4 mm
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hiows = 40—9,2/2 = 35,4 mm

Those values are calculated as the distance from the bolt to the middle of the bottom flange.

Row h [mm] F  [kKN]
245,4 97,3
175,4 62,9
354 0

M rg = 245,4 * 97,3 + 175,4 * 62,9 = 34910 KNmm =34,91 kNm

In SCIA Engineer:
2.3. Determination of Mj,Rd

According to EN 1993-1-8 Article 6.2.7.2 (1)

row hr[mm] Ft,r, Rd[kN]
1 245.40 97.31
2 175.40 62.90
3 35.40 0.00
Mj,Rd = 34.91 kNm
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Ft"sﬂﬁ <19 Ft,ﬂd
FtRa,1

Ftra2
= A

Fipd3
- 3

FerdZXFiRg;

(a) Plastic distribution

» Because Forg and Viprd = Frrai therefore the
effective tension resistance {Frrq) is equal to the
potential design resistance (Figqi)

Fbt,Rd > 1.9 Ftﬂd

—
Fera2EFtRd;

(c) Triangular limit

+* Because Fugq > 1,9 Figq the effective tension
resistance has to be reduced:
h
- T
Fira = Fxrd—
hX

Frrd.1=F tRd1
Firrd 2= F tra 2

o R -
Firra,3< F tRd3

_-..
Ferd <LZFiRdi
Fera= ¥ R

(b) Modified plastic distribution

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

Fiorg > 1.9F R

—_—

Ferda <ZF Ry
Fera=ZFyRa;

(d) Triangular limit

Because Fyrq > 1.9 Firq the effective tension
resistance has to be reduced:
h
e T
Firra = FixRrd "

X

Because Fcrqs and/or Vip ra < Fira, the effective
tension resistances (Fr.ra) have to be reduced,
starting from the closest bolt to the compression
centre
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The design shear resistance Ngq 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 befftwe omega 1 omega 2 omega Ftwc Rdg
1- 1 145.10 075 0.45 0.75 17895
1- 2 21510 051 0.36 0.51 21486
1- 3 35510 042 0.23 0.42 245 40
= 245, 40 kN
Beam Web in tension:
This is calculated for the bolt group 2-3 for the endplate:
group pefftwh Fiwb RBdg
1- 1 - -
2= 2 201.57 279.47
2- 3 341.57 473.58
= 473,58 kN
Endplate in bending:
= 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 T0.00 TO.00 164.77 Fa 57.31 122.10 180.86 97.31
2- 2 201.57 201.57 151.22 I 202.67 138.82 180.86 138.82
2- 3 341 57 341.57 178.47 Fa 343 44 261.27 361.73 261.27
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:
Far bolt group :
qroup 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) 10726 s 18253 138.51 180.86 138.51
1- 2 215.10 215.10 14471 s 270.59 254638 361.73 25463
1- 3 355.10 355.10 13148 s 445 71 391.67 547 59 391,57
= 391,68 kN

Bolts in Tension:
6 bolts and Frgq for one bolt = 90,43 kN

=

N;j ra
=

= 245,40 kN

In SCIA Engineer:

6 x 90,43 kN = 542,58 kN

Minimum of all previous values
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2.5. Determination of NjRd
According to EN 1593-1-8 Artide 6.2.7.1 (3}

data

Column Web in tension (FtwcRd) 245.40 KM
Beam Web n tension (FtwbRd) 473.58 Ly
Endplate in bending (FtepRd) 358.58 Lyl
Column Flnge in tension (Ftfc,Rd) 391.67 ol
Bolts n Tension (Ft.Rd} 542.59 K

NjRd= 24540 kN

Table 3.4 (En 1993-1-8):
avfubA
Ym2
For classes 4.6, 5.6 and 8.8: a, = 0,6
Fu = 800MPa
A is the tensile stress area of the bolt Ag
a,fupds  0,6-800-157-1073
Fv,Rd = = 125
M2 )
= Fv,Rd = 60,29 kN
Following the NOTE of 86.2.2 (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

Fyra =

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:

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

In SCIA Engineer:

3. Design shear resistance VRd

VRd data
VRd 188.10 kN
Fv . Rd 60.29 kN
el ep 40.00 mm
pl 70.00 mm
k1 plate 2.50
kil beam 2.50
Alfa_b plate 0D.74
Alfa_b column 0.74
Alfa_d plate 0D.74
Alfa_d column 0D.74
Fb,ep Rd 102.40 kN
Fb,cf Rd 102 .40 kN
YRd beam 215.47 kN
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Assume following internal forces in this connection:

NSd =0kN

Vsg =10 kN

My,Sd =10 kNm

Check M: M/Mgq =10/34,9 =0,29< 1 => ok!

Check V: V/Vgq=10/189,48=0,05<1 => ok!

Check MN: M/MRd + N/NRd = 10/34,9 +0=0,29<1 => ok!

In SCIA Engineer:
5. Unity checks

Unity checks
MEd/ MiR d 0.29
VEdNVRd 0.05
Unity check M/MRd + N/NRd 0.29

5.1.  Stiffness coefficients for basic joint components
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 conmections tension be taken mto account
One ky; key K Ry Ko I
Sinsle-sided it
Two or more ky; ol g
One k; Fs; ks Bes; Ky
Double sided — Moments equal and opposite
Two or more ia; Fg
One kl k:: .'-C3'_ jf_|_ k;'. k]_g
Double sided — Moments imegual
Two or more ky; Fox; g

Number of bolt-rows mn | Stiffness coefficients &, to

Beam splice with bolted end-plates e S B e

Cme ks[left]; ks[nght]; ki

Double sided - Moments equal and opposite
Two o1 more Feq

B £z MNumber of bolt-rows in | Stffness coefficients & to
ase plate connections

tension be taken mto accoumt
] Ome ki3 ks ks
Baze plate connections Fis: Frig and kyg for each bolt
Two or more o

For this connection (Single — sided), ki, ks, ks, ks and ko has to be calculated, using the formulas
of Table 6.11 of EN 1993-1-8.
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5.1.1. Column web in tension: k 3

_ 0!7 beff,t,wc twc
3= dc
= Defrrwe 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, begtwe Should be taken as equal to the smallest of the effective lengths lgg
given for this bolt-row in Table 6.4 or Table 6.5.
= beff,t,wc,rowl = 107,55

= beff,t,wc,rowz = 105

07-107,55-7
=—-————=5,73mm

k3,row1 - 92
0,7-105-7
k3,row2 = oz =559 mm

In SCIA Engineer:
4.1. De=ign rotational stiffness

[Ow k4lmml k3l mml kSl mml K1 0Tmml
1 250 573 7.55 6.47 173
2 4.39 5.59 757 647 171

5.1.2. Column flange in bending: k 4

Ky = 0,9 lsrty

m3
letris the smallest of the effective lengths given for this bolt-row given in Table 6.4 or Table 6.5.

=
2 leg = 107,55
= besstwerows = 107,55
= besrewerowz = 105

0,9-107,55 -123
=—"—=8,59mm

k4—,row1 - 2693
0,9-105-123 _
k4—,row2 = ~ 2693 8,39 mm

In SCIA Engineer:
4.1. Design rotational stiffness

Lo k&l mml k3 mml kST mmil Kl 0Imml
1 259 573 755 647 173
2 8.39 5.59 757 6.47 1.71

5.1.3. End-plate in bending: k 5

0,9 losrts
ks =3
= | is the smallest of the effective lengths given for this bolt-row given in Table 6.6.
= letr, rows = 70
= Ieff, row2 = 185151

k 0970123
5row1l — (24,34)3

0,9-185,51 123 _
Ksrowz2 = @667 7,57 mm

=7,55mm

30



In SCIA Engineer:
4.1. Design rotational stiffness

[OWw k4lmml k3lmml kSl mml K1 0Tmml keffimml |
1 8.59 373 7.55 5.47 173
2 8.39 .59 F.a7 6.47 171

5.1.4. Bolts in tension: k 19

As
klO = 1,65
= As the tensile stress area of the bolt A; = 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.
= I—b = tf + tp + twasher + (hbolt_head + hnu'f)/2
e =12+12+3,3+(10+13)/2

e =38,8mm

kip=1,6 -2 =647 mm
388

In SCIA Engineer:
4.1. Design rotational stiffness

Lo k&l mml k3 mml kST mmil Kl 0Imml
1 259 573 755 647 173
2 8.39 5.59 757 6.47 1.71

5.2.  Equivalent stiffness

The effective stiffness ke, for bolt-row r should be determined from
keprr =1/ i) (see also formula (6.30) of EN 1993-1-8)

In the case of a beam-to-column joint with an end-plate connection, keq should be based upon
(and replace) the stiffness coefficients k; forks, ks, ks and k.
1
Kefirows = 7 1, = =173
5,73 8,59 7,55 6,47

1
keff,rowz =1 T T — =171

5,59 8,39 7,57 6,47

The equivalent lever arm z.q should be determined from:
_ Zr keff,rh12’ _ keff,rowlhrz”owl + keff,rowzhgowz

Z = =
ed Zr keff,rhr keff,rowlhrowl + keff,rowzhrowz
1,73 (2454)* + 1,71 (175,4)

1,73-245,4+1,71-175,4

_dseror”
%ea T oaag  CTOTETMM

The equivalent stiffness keq can now be determined from:
Keq = Zr(kesrorhr) (see also formula (6.29) from En 1993-1-8)

Zeq
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1732454+ 1,71-175,4
eq 216,42

= 3,35mm

And those values are also given in SCIA Engineer:

5 data

S 11.60 MNmirad
Sj,ini 11.60 MNmifrad
k4 215.42 mm

mu 1.00

k1 230 Tim

k2 870 i

keg 335 mm

5.2.1. Column web panel in shear: k ;

0,384
T

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=1Zq =216,8=216,8mm

B is the transformation parameter from 5.3 (7)

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

Sj 11.60 MNm/rad
Sj,ini 11.60 MMmirad
z 215.42 Tim
mu 1.00
k1 230 mm
k2 aro mm
keg 335 mim

5.2.2. Column web in compression: k

— 0!7 beff,c,wc twc
2 dc
= d=he -2 (ti+r.)=140-2 (12 + 12) =92 mm
= beff = tfb + 2\/7(117 + S(tfc + S) + Sp

. s, =12+ (15-+v2-5) = 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.
S bepr =92+2vV2-5+5(12 + 12) + 19,93 = 163,27mm

0,7:163,3:7
ky =207 = 8,70 mm

In SCIA Engineer:
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5] data

S 11.60 MNmirad
Sj,ini 11.60 MNmirad
z 215.42 Tim

mu 1.00

k1 230 mm

k2 aro mm

keg 335 mim

5.3.  Design rotational stiffness

o Ez* E 7?
T ey
= z=216,4mm
= W is the stiffness ration S; ini / S;
0 fMeg<Mjpg =>p=1
0 If2/3Mjra < Mjga < Mra=>H=(1,5Mgd/ M, ra) ¥

Mj,Ed =10 kNm
Mj,Rd = 34,9 kNm => 2/3 Mj,Rd = 23,3 kNm
= p=1
E z*

=y, L
ﬂZLki

__ 210000 +(216,42)*
j — .1 1 1
(2,30 8,70 3,35)
In SCIA Engineer:

+107° = 11596 kNm/rad

5| data

g 11.60 MNmfrad
Sjini 11.60 MNmirad
z 215.42 mm

mu 1.00

k1 2.30 mm

k2 870 i

keq 335 mm

5.4, Stiffness classification

The connection has been input for a braced frame, so the limits are:

N
. (210000 )+(2,772:107 mm*)
Sirigia = 82 =18 i = 23,28 MNm/rad
’ Lp 2000 mm
N 7 4
. (210000 ) +(2,772:107 mm*)
Sjpinnea = 052 = 0,5 e = 1,46 MNm/rad
’ b

In SCIA Engineer:
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4.2, S5tiffness classification

S5tiffnez s data

E
[
Lb
frame type
51
52

210000.00
27720000.00
2000.00
braced
23.28

1.46

Nimm*2
mm "4
mm

MM m/rad
MMNmi/rad

System SEMI RIGID

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

5.5.

MNm

Q1009

00900

-

=t

00500

o -
a1 1Tt

48[MMNmirad]

0.0700

00600

00300

0.0400

00300

0.0200

7]

00100

e

et

L

AAT
VLN

00000
=

=

gd=1

e

()]

ad

0.0005 \

0.00o
0.0010

n.onls
00020

Check of stiffness requirement

0.0025
0.0030

000358

0.0040,

[MMNm/rad]
rad

The boundaries for the stiffness requirements are calculated using the following formulas:

Frame Lower boundary Upper boundary
Sj,low Sj,upper
Braced 8-Sj.app-E- I, Sj.app < 8-E-I, 10-Sj.app-E- I,
10-E-1, +Sj.app-L, L 8-E-I, —Si.app-L,
. 8-E-1
Sy.app > b i
], app I, s
Unbraced 24 -Sj.app-E-1, Si.app < 24-E-I, 30-Sj.app-E-I,
30-E I, +Sj.app-L, TEEETL, 24-E-1, -Sj.app-L,
24.F. o0
Si.app> 2 Elo
b

In a general calculation, Sj,app equals infinity and we have the following results:
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4.3 Check of stiffness requirement

S5tiffness data
Fi infinity MNmirad
Stiffness modification coef. 2.00
Sj,app infinity MNmirad
Sji,lower boundary 23.28 MNmirad
Sj,upper boundary infinity MNmirad

5j,ini is not inside the boundaries.
The actual joint stiffness does not conform with the joint stiffness of the analvsizs model.
And this is also shown in a graph:

MNm
01000
0.0900 Fuk | 47 ] I
S IOW=L 0 4E[D'-'INIII-TEL'1]
00800 /&r

Q.0700

Sj:%;ggner#n finity

B

0.0300
00400
0.0300
0.0200 e . .
ST M N Tad]
00100
0.0000
= - = — = e = ) =
2 2 s g & 2 2 & z rad
[=] [=] (=] (=] = [=] [=] (=] (=]

When calculating with an Sj,app of 11,60 MNm/rad (equals Sj,ini), the lower and upper
boundary can be calculated:

Lower boundary

_ 8 SiapE-ly

T 10E Iy + Sjapp - Lo

8 -% -210000MPa - 2,77E — 05 m*

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

= 6,64 MNm/rad

Upper boundary
First we have to check if Sj,app is bigger or smaller than
8-E-I, 8-210000MPa-2,77E — 05 m*

L 7 = 23,3 MPa
Thus
8-E-I,
Sjapp = 11,60 < L

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

10850 E -y
8.E.Ib_Sj,app.Lb
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10 -% - 210000MPa - 2,77E — 05 m*

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

= 28,90 MNm/rad

And in SCIA Engineer:
4.3 Check of stiffness requirement

Stiffness data
Fi y 5.80 MNm/rad
Stiffness modification coef. 200
Sj,app 11.60 MNm/rad
Sjlower 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.

MNm
01200
5 upper=28-906 T[MNm/rad]
0.1000
0.0800
0.0600
0.0400 /
0.0200 P R . S tme=h 6345 [MNm/
 SLimr S0 AN F > MNm/rad]
[
-
00000 ﬁ
[=] i) (= N [=] ] [=] i) (=
= = z z g g g z : mnd
(=] (=] [=] (=] (=] (=] o (=] (=]
= = = = = = = = =

6.1. Calculation of a

The weld size design for a;, using Annex M of EC3:
Ey * Yuw " Bw
fubf\/z
Fw=min (N¢rd, Y Fra)
by tpp - fy,  110:9,2-235-107°
Ymo 1

le_

= 237,8kN

t,Rd =

Mgq
Fra =5~
= his the lever arm of the connection

= Mgy is the design moment resistance of the connection
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Mpgq __ 349kNm
h 216,4mm

=161,3 kN

y = 1,7 for sway frames
y = 1,4 for non sway frames
Fw=min (N¢grg, Y Fra) = min (237,8 kN; 1,40161,3 kN)

Fu =226 kN
Fy Yuw ' Bw 226 kN-1,25-0,8
ar = = = 4,03 mm
fubsV2 360-10-3-110-v2
= a5 = 5mm

In SCIA Engineer :
6.1. Calculation weldsize af /! Minimum thickness th for stiffener in column

data

MRd 314,83 Kim
Gamma 1.40

h 210.80 i
FRd 231.29 K
NT,Rd 237.82 K
M 231.29 K
Fu 360.00 MPa
BetaW 0.20

minimum af 4. .13 mm
af .00 mm
Minimum th 8.95 mm

6.2. Calculation of a

12, o2

I, is taken as the effective length of non-circular pattern for the considered bolt group.

I, = 201,57 mm (non circular pattern for bolt row 2, bolt row 1 is above the flange)

Normal Force N = F; = 62,9 kN (tensile force in bolt row 2)

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.

D =10kN /3 = 3,33 kN

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:

Conditions:

fu 360 MPa
/2+3- 2+12) < = =360 MP
01 (t1 +73) Buw Yu, 08-125 a

And:
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f. 360 MPa

< = = 288 MP
=T 125 @
With:
o ( N ) 1 629-10°N 1 11033N/mm
TR T\0 L) V2 2-ap-201,57mmyz a,
D 333-10°N 826 N/mm
N g, 2-ay-201,57mm . a,

= After iteration: a, = a,, = 0,7 mm

= a, =1mm

In SCIA Engineer:
6.2, Calculation aw

data

Ft 62.41 kN
Fv 3.33 kN
Iy 201.57 mm
Fu 360.00 MPa
BetaWw 0D.280

minimum aw (a2} 1.00 mm
aw 3.00 mm

38



