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Design example of a joint
with extended end plate

in a single-sided beam-to-column joint configuration

“

HEB140:

h =140 mm

b =140 mm

tr = 12 mm

tw =7 mm
r=12mm

A =4300 mm?
f, =235 N/mm?

End plate:

b, =140 mm

tp, = 12 mm

w =80 mm

f, =235 N/mm?

140

*
30, 80 |3°T=

=7/ | -M16-88
fy =12

IPE220:

h =220 mm

b =110 mm

tr = 9,2 mm

tw =59 mm
r=12mm

A =3340 mm?
W, = 285000 mm?
f, =235 N/mm?

Bolts:

6 M16 - 8.8

dy, = 16 mm

As =157 mm?
f, =800 N/mm?




1. Partial Safety factors

In Scia Engineer the correct Partial Safety factors are given:

Partial safety factors
Gamma MO 1.00
Gamma M 1.00
Gamma M2 1.258
Gamma M3 1.25

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

1.lnternal forces

LC1
H 0.040 kN
Wz 10.00 kN
Wy -10.00 kNm

Tension top

A negative moment results at tension for the top flange.

2. Design Moment resistance MRd

1.1. Design resistance of basic components

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

v _ 0,9 fy,WA,,
wp,Rd = \/——
3Ymo

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

A,e =4300—2-140-12+ (74 2-12)-12 = 1312 mm?

0,9f,wAy _0,9-235-1312

| 74 = -1073 = 160,2 kN
wpkd \/§VMO V3-1

In Scia Engineer:
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2.1. De=ign resistance of basic components
2.114. 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 (Vwp Rd)} 180,21 kM
Beta 1.00
AV 1312.00 mm*2

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

i _ wkyebeff,cwetwe fywe wkywe'pbeff,cwetwefywe
(6-9)- Fc,wc,Rd - YMo but Fc,wc,Rd < Va1

(6.11): besr = trp + 2v2a, + 5(tpc +5) + 5,
sp=12+(15-+2-5) =19,93
Above the bottom flange, there is sufficient room to allow 45° dispersion
Below the bottom flange, there is NOT sufficient room. Thus the dispersion is limited.

berr =92 +2v2+ 5+ 5(12 + 12) + 19,93 = 163,27mm

Table 5.4: B=1=>Table6.3: W=wy

w=w = ! = ! = 0,71

t
J1+1,3(beff_c_wc-ﬁ)z \/1+1,3(162,3-L)2

1312

_ wkyeberrewetwe fywe  0,711-163,27-7-235:1073
Fc,wc,Rd - Yo - 1

=190,7 kN

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,wec 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
dwc 52.00 mim




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

=317,7 kN

Mcrd Worfyb 285-10%135-1073
6.21): F = & = =
(6.21): F¢ gp pa t=ty0 ~ Yo (ot 2092

. 103 3, 103 2
Mc,Rd _ W:;;J(‘)yb _ 28510°mm 2315 107 kN/mm* _ 66975 kNmm = 66,98 kNm

h —ts, =220 —-9,2 = 210,80 mm

F _ Mcra _ 66975 kNmm
CfbRA = (h—try 210,80 mm

=317,72 kN

In Scia Engineer:

2.1.53. 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) INT.T2 kN
gzection class 1

Mc, Rd 66.03 Hm
hb-tfb 210.80 mm

1.1.4. Design tension resistance of bolt row

General data of the used bolts (M16 — 8.8)

. . . . 2
Fira = 0,9 {/ub As _ 0,9:800 I\/11P2¢15157 ™M 90432 N = 90,43 kN
M ,

2.1.4. Design tension resistance of boltrow

Ft,Rd data
fub &00.00 MPa
As 157.00 mm*2
ke 0.90 -
Ft,Rd 90.43 K
Lb 38.80 T

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)

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:

2.1.41. 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 boli-row
3 Otherend boli-row

Definitions of some parameters:

e bl © i =~ ®min
I S
a) Welded end-plate narrower than column flange.
+
08, m 0,8a_v2 M &
r — P [ B min il i
« a
L2 . .
[ | 174 |
| ] I |
i
i

I I

b) Welded end-plate wider than column flange.

0.8, m e 08a 2 m e

- - - e
r

-t Emin R Eml‘l

S LA

c) Angle flange cleats.

Figure 6.8: Definitions of e, e,;,, r. and m




269 30

Row | p(pi+pa)

0.0+35.0
35.0+70.0
70.0+0.0

W N -

In Scia Engineer:

e=30mm
m= @ —0,8r—e
(see also EN1993-1-8 (Figure 6.8))
=(140-7)/2-0,8-12-30
=26,9mm
emin = 30 mm
n = €min
<125-m=1,25-26,9 = 33,6mm
(see also EN1993-1-8 (Table 6.2))
n=30mm

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 - 26.90 30.00
3 T0O.0+ 0.0 - 30.00 1930.00 26.940 30.00

less 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 |mdividually part of a group of bolt-rows
Location  |Circular patterns  [Non-circular patterns Circular patterns Non-circular patterns
[EE¢ f-efr_m: Eafic:l Leﬂ'.n:
[nner "
Y, +173 B
g 2am 4m+1.25¢ 2p P
End The smaller of: The smaller of: The smaller of: The smaller of:
e 2am 4m+1.25e mn+p 2m+ 0.625e +0.5p
oot mm + 2y 2m+0.625e+ g 21 +p e +0.5p
Mode 1: legr) = lene but Limy = G Plann = Ylegn but 3la = Ylag
Mode 2: E:—:'&'.J == Ee&’_m: E{Eﬂ.] = Z{E'E_DI:

Bolts rows considered individually

Row 1

less circular patterns: the smaller of:

2Tim = 2*3.14%26,9 = 169,02

Tim + e; = 3.14*26,9 + 1860 = 1944,51




lef 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
le circular patterns: 21m = 2*3.14*26,9 = 169,02
l non-circular patterns: 4m + 1,25e = 4*26,9 + 1,25*30 = 145,10
Row 3
lef circular patterns: the smaller of:
2Tim = 2*3.14*26,9 = 169,02
TIm + e; = 3.14%26,9 + 1930 = 2014,51
lef 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
Row leg circular patterns legs non-circular patterns
1 169,02 145.10
2 169,02 145.10
3 169,02 145.10
In Scia Engineer:
row leff,cp,i leff nc,i
1 169.02 145 .10
2 169.02 145 .10
3 169.02 145,10




Mode 1: Ieff’]_ = Ieff’nc but Ieff’]_ < Ieff’ p => Ieff’]_ =145.10
Mode 2 : Ieff’z = Ieff’nc => |eff,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.

L, 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.

L = t¢ + to + twasher + (Nboit_head + Nnut)/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 A,

. 88m4,  88(269)° 157

_ - -1=107
b T Nl P 14510- (12)° i

(with ny, = 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:

) 0,25-145,10-12%-235-1073
Myi1,ra = Mpi2ra = 0»252 legrts fy/Ymo = I =1227,5 kNm
Mode 1:
4M I,1,Rd 4 - 1227,5
T1,Rd — I;n = 269 = 182,5 kN
Mode 2:
2My o pg ¥ Y. Frpg 2+1227,5+4+30-2-90,43
Froga = —2= =2 = — 138,5 kN
T.2Rd m+n 26,9 + 30
Mode 3:
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Frara = Z Firq = 290,43 = 180,9 kN

=

And this is also shown in Scia Engineer:

FT,fC,Rd = 138, 5 kN

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 s 182.53 138.51 180.886 138.51

2 145 10 145 .10 107.26 I 182 .53 138 51 180 88 138.51

3 145.10 145.10 107.26 s 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:

Wberr twetwefywe

F T,wc,Rd = Yato

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

(see also EN 1993-1-8 : 2005; formula (6.15) )

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

Transformation parameter f Reduction factor @

0 < B < 0.5 @ = 1

0.5 - B < 1 @ = wy+2(1 =51 —wy)

Ji = 1 @ = 1

1 < it < 2 @ = w1+ (f— 1) (w1 — @)

B = 2 @ = on

1 1
o = ; 2 = 7
JI+L3D,, . 1, 1 4,)° 1+520, . 1, /A,

A.. is the shear area of the column. see 6.2.6.1:
B is  the transformation parameter. see 5.3(7).
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And:
Table 5.4: Approximate values for the transformation parameter g

Type of joint configuration Action Value of
1 Mp1,Eq
Mh1,Ed \
N |
? I| /' Myiea =1
L LA
. My1pa = Miga =0 %
M M M M
b2,Ed b1,Ed b2,Ed b1,Ed . )
/ My pg/ Myypa = 0 =1
( ! %\. | % %\
\ / \ E -/ ﬂ:{bl:Ed .-"rﬂfbg_Ed =< 0 [)J = 2
__/\v__
11:{1,1:5‘1 + J‘vfbngd =0 /JJ ~ 2
) In this case the value of £ is the exact value rather than an approximation.

In this example:

B=1
W=y

1
w = (1)1=

\/1 + 1;3(beff,c,wctwc/Avc)2
A, :A_Z'bc'tfc+(twc+2rC)'th

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

1 1
W= 0= =J1 1,3(145,10-7 13122=0’75
\/1+1r3(beff,c,wctwc/Avc)z +1.3( ’ / )
= __ wbegfrwetwefywe _ 0,75:145,10-7-235-1073
FT,WC,Rd - -

YMo 1

= FT,WC,Rd = 179 kN

12



In Scia Engineer:

row beff t,wc omega 1 omega 2 omega Ft,wc Rd,i
1 145.10 0.753 0.49 0.753 1786.85
2z 145.10 0.75 0.49 0.75 178.95
3 145.10 0.73 0.49 0.75 178.85

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

ROW

1

Les circular begin bolt-row = Tm + peng = 3,14 * 26,9 + 70 = 154,51

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

ROW

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

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

2

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

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

ROW

3

Les circular end bolt-row = Tm + peng = 3,14 * 26,9 + 140 = 224,51

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

Summary:
Row les; circular less NON circular less circular legs nonN circular l circular less NON circular
inner bolt-row inner bolt-row | end bolt-row | end bolt-row | pegin bolt-row | begin bolt-row
1 - - - - 154,51 107,55
2 210.00 105.00 154.51 107,55 224,51 142,55
3 - - 224,51 142,55 - -

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

210.00

105.00

154.51
Z224.51

107.55
142.55

154.51 1

07.55
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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 lefrep = 154.10 + 154.50 = 309.02

2 leffne = 107.55 + 107.55 = 215.10

Mode 1 = Mode 2 : |+ = 215.10

0,25-215,1-12%235-1073
Mpi1ra = Mpiara = 0,253 Lesrtf fy/Ymo = - = 1819,8 kNm

Row 1-3:
» leff,cp = 154.51 + 210.00 + 224.51 = 589.02
» leff,nc = 107.55 + 105.00 + 142.55 = 355.10

Mode 1 = Mode 2 : |4 = 355.10

0,25-355,1:12%-235-10~3
Mpi1ra = Mpiara = 0,253 Lesptf fy /Yo = n =3004,1 kNm

Prying forces may develop if L, < Lp*
L, =38,8mm
Row 1-2:

8,8m3 A 8,8 (26,9)*157
: =L3S-nb =(—)3.2 = 145 mm
Ylefsty 215,10:(12)
(with ny, = number of bolt rows)

= L, <L
= Prying forces may develop

14



Row 1-3:

Ly

(with n, = number of bolt rows)

= L, <L

_ 88miAs
Yleprt?

ny =

_ 88(269)*157
355,10:(12)3

= Prying forces may develop

Row 1-2:

Mode 1: FT,l,Rd =

4Mpi1Rd _ 41819,8

26,9

3=131mm

= 270,6 kN

2Mpi2 Ra*tN Y Frra _ 2°1819,8430:4-90,43

Mode Z:FT,Z,Rd = i 26,9130 = 254’,7 kN
Mode 3: Fr 5 pq = % Frpa = 490,43 = 361,7 kN
o FT,Rd = 254,7kN
Row 1-3:
4M .
Mode 1: Fy; pq = 2R — 2900%% _ 4467 kN
2M F . 6
Mode 2: Fy » gy = pL2,RATNY FrRrd _ 2:3004,1+30:6:90,43 _ 3917 kN
14 m+n 26,9+30
Mode 3: Fr 5 pq = % Frpa = 690,43 = 542,6 kN
o FT,Rd = 391,7kN
In Scia Engineer:
For bolt group
group leff.1 a2 Lb® Prying FT,1,Rd FT,2 Rd FT,3,Rd Ft.fe Rd.g
forces
f= 1 145.10 145.10 107.26 o 182.53 138.51 180 .86 138.51
1- 2 215.10 215.110 144 71 " 270.58 254 B8 3B81.73 254 68
- 3 i55.10 355.10 131.48 " 446.71 391.87 542.59 331.87
COLUMN WEB IN TENSION for row 1-2:
W= w = ! L 61

[1+130ewctue/a?  1H13@15107/1512)°

’
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wbesftwetwefywe _ 0,61-215,10:7-235-1073

= F T,wc,Rd —

= F T,wc,Rd

YMo 1

=215 kN

COLUMN WEB IN TENSION for row 1-3:

1 1
W= 0= . J1+13(355107/1312°
\/1+1:3(beff,c,wctwc/Avc) ! !
= _ wbegrrwetwefywe _ 0,42:355,10:7-235-1073
FT,wc,Rd - -
YMo 1
= FT,WC,Rd = 24’5 kN
In Scia Engineer:
group beff,t,wec omega 1 omega 2 omega Ft,wc,Rd, g
1- 1 145.140 0.75 0.49 0.75 178.95
1- 2 215.10 0.81 0.386 0.81 214.88
1- 3 355.140 D.42 0D.23 0D.42 245 410
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 §.2.6.5, 6§.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 Otherend bolt-row

16




Definitions of some parameters:

Row 1

€= hendplate - hrowl —dista nceEndplate_under— IPE220_under

e,=305-250-15=40

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

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

fyd Weld size
<240 N/mm? az 0.5ty
awz 0.5 tws
> 240 N/mm? a2z 0.7 tw
awz 0.7 tws

af = O,Stfb = 0,59,2:4,6 => af = 5mm

my

m, = (305—220—15)—40—10,8-5-/2=24,34

A,

n = epin =40mm

<125-m=1,25-24,34 = 30,42mm

Top—e,—08-a- V2 (see also EN1993-1-8 (Figure 6.10))

17




n=30,42mm

w =80 mm

Row 2 and Row 3

Himl
H
i
L
L
0.8 \ ]
A
\ \
AN

\

\
\
\
\
\
, \ A
N

0,3
4,45
02 ~]
0.1 — 4,75 5
' —
G55

=5

lu]
0 0.1 02 02 04 05 08 07 08 08

—_—

+ || +

A m L
= —_—

]t

/
e rn|

Figure 6.11: Values of « for stiffened column flanges and end-plates

e=30mm
fyd Weld size
< 240 N/mm? a2z 05t
ayz 0.5 typ
> 240 N/mm? arz 0.7
awz 0.7 tws

a, = 0,5-t,, = 05-59 =230
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ben ate™ ‘wc .
m = Jendplate”bwe 0,8-a-V2 (seealso EN1993-1-8 (Figure 6.10))

2

_ 140-59 30-0,8-3- \/7 =33,66 mm

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

n=30mm

70.0

&
-.

55.0140.0 0.4

305.0

0.0
150 130 140.0
m2’r0W2 =€y — tf - 0,8 - af ) \/E
My rowz = (35 +22) —9,2 — 0,85 V2 = 24,74 mm
mzrows = hrows — tr — 0,8- ar * V2
M rows = 35 + =) — 9,2 — 0,8+ 5 V2 = 24,74mm
1 = m 33,66 — 053
7 m+e 3366+30
My row2 24,74
){ = A = . = = 0,39
zrowz T T2TOW3 Tt e T 33,66+ 30
= 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 (= e,) 24,34 30,42 - - -
2 35.0+70.0 30 33,66 30 0,53 0,39 5,99
3 70.0+0.0 30 33,66 30 0,53 0,39 5,99
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In Scia Engineer:

[oWw p_(pl+pd) alpha = B m [T I
1 0.0+35.0 - 30.00 40.00 - 2434 30.43
2 35.0+70.0 5.99 30.00 - 33.66 - 30.00
3 70.0+ 0.0 - 30.00 - 33.66 - 30.00

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

Table 6.6: Effective lengths for an end-plate

0. 5w+2m,+0.623e,

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
[eﬁ.-:p Cetrnc [eﬁ'.cp patterns Lefinc
Smallest of:
) Smallest of: g
Bolt-row outside > 4m, +1.25e,
tension flange e e 2m, 40,6252, — —
amytw %
of beam i 0.55,
ame+ 2e

First bolt-row
below tension 2mm wm mm+p
flange of beam

0.5p +om
— (2m +0.625¢)

Other mner 1
2 +125¢ 2
bolt-row < 4m+1.25e P P
Other end y _
2 2 20,625
bolt-row = dm+llie mn+p 2m+0.625¢+0.5p
Mode 1: Loty = Lorne but (g1 = ligg Tleg1 =Y legac but T leg1 = Ylegg
Mode 2: loer = Lo Yilers =Y Eernc

a should be obtamned from Figure 6.11.

Bolts rows considered individually

Row 1:
lef circular patterns = smallest of:

- 2Tm, = 2*3,14*24,34 = 152,93
- TIm,+w =3,14*24,34 + 80 = 156,47
- TIm,+2e = 3,14%24,34 + 2*40 = 156,47

lefr non circular patterns = smallest of:

- 4Am,+1,25 e, = 4%24,34 +1,25 * 40 = 147,36

- e+2m,+0,625¢, = 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
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Row 2:
let circular patterns = 2rm = 2*3.14*33,66 = 211,49

I non circular patterns: am = 5,99 * 33,66 = 201,62

Row 3:
let circular patterns = 2rm = 2*3.14*33,66 = 211,49

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

Row leg circular patterns less non-circular patterns
1 152,93 70,00
2 211,49 201,62
3 211,49 172,14

In Scia Engineer:

TOVY leff cp.i leff.nc,
1 152.95 70.00
2 211.47 257
3 211.47 17212
ROW 1:
MOde 1: Ieff,l = Ieff,nc bUt Ieff,1 5 Ieff, cp => Ieff,l = 70
Mode 2 : Ieff'z = Ieff'nc => Ieff,Z =70

Prying forces may develop if L, < Lp*

L, =38,8mm
. 88m’A; 8,8 (24,34)%- 157
Ly =<—= "M = : 3 -1 =165mm
2lesrts 70-(12)

(with n, = number of bolt rows)

= 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) Mode 1, Mode 2 and Mode 3 has to be calculated:

) 0,25-70-12%-235-1073
Myi1,ra = 0»252 legrts fy/Ymo = 1 =592 kNm
Mode 1:
TRd = 4M’;;’11'Rd = 42:; 42 = 97,32 kN
Mode 2:
Mode 3:

Frara = Z Firq = 290,43 = 180,9 kN

Frfcpra = 97,32 kN

=

ROW 2:
Mode 1 : Ieff’]_ = Ieff’nc but Ieff’]_ < Ieff’ p => Ieff’]_ =201,57
Mode 2 : |eff,2 = Ieff’nc => |eff,2 =201,57

Prying forces may develop if L, < Lp*

L, =38,8mm

. 88m®4;  88(33,66) 157

- = 1=151
b T Nl P 20157 (12)° i

(with ny, = number of bolt rows)

= 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):

) 0,25-201,57-12%-235-1073
Myi1,ra = 0'252 legrts fy/Ymo = 1 = 1705,3 kNm
Mode 1:
TR = 4M’;;’11'Rd 2 '313?265'3 = 202,65 kN
Mode 2:
Frsra = ZMPZ’Z'I:L : ZZ Ft Ra _ 2- 17053,;};—63-}(_) 33 - 90,43 _ 138,81 kN
Mode 3:

FT,3,Rd = Z Ft,Rd =2- 90,4-3 = 180,9 kN

o FT,fC,Rd = 138,81
BEAM WEB IN TENSION:

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

Frwb,ra = beff twbtwn fywn/Ymo (see also EN 1993-1-8 : 2005; formula (6.22) )

Befrtwb = lefinc = 201,57

D Fpapppa = LLobwblywh _ 901 57.59.235.1073/1

YMmo

= FT,WC,Rd = 279, 48 kN

ROW 3:
Mode 1 : Ieff’l = Ieff’nc but Ieff’l < Ieff’ p => Ieff’l =172,14
Mode 2 : Ieff'z = Ieff'nc => Ieff’z =172,14
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Prying forces may develop if L, < Lp*

L, =38,8mm

. 88m'A,  88(33,66)° 157
b Nl P 172,14 (12)°

-1=177,14 mm

(with ny, = 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):

) 0,25-172,14-12%-235-1073
My 1 g = 0,252 Lofrtfy Va0 = - — 1456,30 kNm
Mode 1:
4M 4-1456,3
_ pl,1,Rd — -
TARd = = 33.66 173,06 kN
Mode 2:
2M +n)F 2-1456.3+30-2-90,43
_ pl,2,Rd tRd _ A3 _
Frara = mtn 33.66 + 30 130,98 kN
Mode 3:

Fr3ra = Z Fera =2-90,43 = 180,9 kN

o FT,fC,Rd = 130,98
BEAM WEB IN TENSION:

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

Frwb,ra = beff twbtwn fywn/Ymo (see also EN 1993-1-8 : 2005; formula (6.22) )

Befrt,wb = lefinc = 201,57
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beff,t,wbtway,wb _
= Frwpra =—"

YMmo

= FT,WC,Rd == 238, 67 kN

In Scia Engineer:

For individual bolt-row :

172,14-5,9-235-1073/1

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

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

ROW 1

Same as individual bolt row

ROW 2

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

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

1 70.00 70.00 18477 ' 57.31 122.10 180.85 57.31

2 201.57 201.57 151.22 s 20267 138.82 180.86 138.82

3 17212 172.12 177.08 N 173.07 130.99 180.885 130.95
row befftwh Ft wib Rd.i

1 - -

2 201.57 27947

3 17212 23865

Lest 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

Le circular end bolt-row = Tm + p = 3,14 * 33,66 + 140 = 245,73

Lest non circular end bolt-row = 2m + 0,625e + 0,5p = 2*33,66 + 0,625*30 + 0,5*140 = 156,07

Summary of values:

Row leg circular legs non circular | | circular legs nON leg circular legs nON
inner bolt- inner bolt-row end bolt- circular begin bolt-row circular
row row end bolt-row begin bolt-
row
1 - - - - - -
2 - - - - 245,73 185,51
3 - - 245,73 175,51 - -
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In Scia Engineer:

row leff cp.g.inner leff.nc. g inner leff cp.gend leff,nc g .end eff cp g start leff nc g start
1 15295 70.00 - - - -
2 - - - - 24573 185.51
3 - - 24573 156.06 - -

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

Mode 2 : Z leff,Z = Z leff,nc

Row 2-3:
Y leproep = 245,73 + 245,73 = 491,46
Y loffnc = 185,51 4 185,51 = 341,57

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

In Scia Engineer:

gQroup Bifcpg effnco
1- 1 182.85 70.00
2- 2 211.47 201.57
2- 3 451.47 24157

Prying forces may develop if L, < Lp*

L, =38,8mm
. 88m’A; 8,8 (33,66)° - 157
b = =7 3 = 7 2=179mm
Y legrts 341,57 - (12)

(with n, = number of bolt rows)

= L, <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):

0,25-341,57-12%-235-1073

Mpy1,ra = Mpi2ra = 0»252 leprtf fy /Yo = 1

= 2889,7 kNm
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Mode 1:

4Mpl,1,Rd _ 4 - 2889,7

T.1Rd m 33,66
Mode 2:
2M +n)F 2-2889,74+30-4-90,43
Frara = pl2kd L =261,2 kN
e m+n 33,66 + 30
Mode 3:
FT,3,Rd = Z Ft,Rd =4- 90,4’3 = 361,7 kN
. Frpq=261,2kN
In Scia Engineer:
For bolt group :
Qroug leffl leff 2 L™ Prving forces F1.1.Bd F1.2.Rd 1.3 Rd Flep Rd.g
1- 1 70.00 70.00 16477 v 57.31 12210 180.86 97.31
2 2 201.57 201.57 13122 s 20267 138.82 180.86 138.82
2- 3 341.57 341.57 17847 I 343.44 261.27 361.73 261.27

BEAM WEB IN TENSION:

S Fropra = LLwrtwblywb _ 341 57.59. 23510731

YMmo

= FT,WC,Rd = 473, 6 kN

In Scia Engineer:

group peffiwh Flwb Rdag
1- 1 - -
2- 2 201 .57 279.47
2- 3 341.57 473.58

1.2. Determination of Mjrqa

The design moment resistance M;gq of a beam-to-column joint with a bolted end-plate connection

may be determined from:

Mjra =Xy hyFerpa  (EN 1993-1-8; §6.2.7.2)
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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 1993-1-8 Article §.2.7.2 (8),18)

row FtfcRd.i FtfcRd q Ft wc Rdi Ftwe Rdg Ftep Rd,i FtepRd g Ft.whb Rd.i Ftwhb. Rdg Ft.r.Rd
1 138.51 138.51 178.95 178.95 97.31 97.31 - - 57.31
2 138.51 157.37 178.95 117.55 138.82 13882 27947 279.47 117.55
3 138.51 176.82 178.95 30.54 130.99 14372 23865 356.04 30.54

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

Column web n shear (Vwp, Rdi/Beta)
Column web n compression (Fe,we Rd)
Beam flange and web n compression (Fc fb Rd)

160.21
150.56
772

kM
kN

ki

Limiting resistance = 160.21 kN

For the first boltrow Fyr4; = 97,31kN.

The maximum value for bolt row 2 is: Fyrq = 160,2 - Fyrg, = 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:
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Lo FLrBd Decregse FLrBd
1 07 .31 0.00 4731
2 117.55 54 65 62590
3 30.54 30.54 000

Following §6.2.7.2 (9) the value 1,9 F;rq has to be checked also:
1,9 Fepa = 1,9 * 90,43 kN = 171,82 kN

The formula Fiy pq < 1,9F; gq 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 Aricle §.2.7.2 (9)
Limit: 1.9*FtRd= 171.82 kN

[ow Fir.Rd =_Limit [ecregze FirRd
1 57.31 no - §7.31
2 6290 no - 6290
3 0.04 no - 0.00

So Mg 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.

Row h [mm] F. [kN]
1 245,4 97,3
2 175,4 62,9
3 35,4 0

M, ra = 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]
1 245 410 97.31
175.40 62.90
3 35.40 0D.00
Mj,Rd = 34.91 KNm
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Fmﬁﬂ =19 FLRU
Fitrd1

Ftra2
= SR

Ftrda
— >

_.-
Ferd22ZFiRa;
(a} Plastic distribution

Because Ford and Vg rd = Frra; therefore the
effective tension resistance (Frr4) is equal to the
potential design resistance (Fiqqi)

Fl],ﬁd > 1.9 Ft.ﬁd

—_—
FcRdZZFtRa,

(c) Triangular limit

Because Fygrq = 1,9 R the effective tension
resistance has to be reduced:
hi’

Firra = th,Rdh—
=

Fora =19 Ft.Rd
Frrd1=F tRa1

Fir R, 2= F tRa 2
- I

e L
Firra3<F trd3

—

Ferd “EFtRd;
Ferd=2F R

(b) Modified plastic distribution

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

Fira >1.9F g

_h.’{
Fera <EF iRy
Fepg=2Z Flr,Rd,i

(d) Triangular limit

Because Fu g > 1.9 Firg the effective tension
resistance has to be reduced:
h
2o b g
Firra = Fixra =

X

Because Fops andior Vap rd < Fird the effective
tension resistances (Frra) have to be reduced,
starting from the closest bolt to the compression
centre
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Design shear resistance NRd

Column web in tension:

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

The design shear resistance Ngq will be calculated as the minimum of the following 5 values:

group befft wc omega 1 omega 2 omeg a Ftwc Rdg
1- 1 145.10 0.75 0.49 0.75 178.95
1- 2 21510 0.61 0.36 0.61 214 .86
1- 3 355.10 0.42 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:
Qroun peffiwh Fiwhb Bd.g
1- 1 - -
2- 2 20157 27947
2- 3 34157 473.58
= 473,58 kN
Endplate in bending:
= In this case the limiting value is
O Boltrow1
0 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 70.00 70.00 164 77 v 57 .31 122 10 T80 86 37 31
2 2 201.57 |201.57 151.22 s 202.67 138.82 180.86 138.82
23 341.57 341.57 178.47 v 343 .44 261.27 361.73 261.27

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

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

Column Flange in tension:
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For bolt group :

qroup leff1 leff.2 Lb* Prying forces FT.1,.Rd FT.2 Rd FT.3,Rd Ft.fcRd.g
1- 1 14510 145.10 10726 W 182.53 138.51 180.86 138.51
1- 2 21510 21510 14471 W 270.59 25468 361.73 254 68
1- 3 355.10 355.10 131428 N 448 71 391.67 542.59 391 .67
= 391,68 kN

Bolts in Tension:
6 bolts and Frg4 for one bolt = 90,43 kN
= 6x90,43 kN = 542,58 kN
N;ra

= Minimum of all previous values
= 245,40 kN

In Scia Engineer:

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

3. Design shear resistance Vgq
Table 3.4 (En 1993-1-8):
a A
Fyra = "f—ub
Ym2

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

ay fupAs _ 0,6-800- 157-1073
Ym2 1,25

Fv,Rd =

= Fypa= 60,29 kN
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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:

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

In Scia Engineer:

3. Design shear resistance VRd

VRd data

VRd 188.10 kM
Fv Rd 60.29 kM
el,ep 40.00 mm
pl TO0.00 mm
ki1 plate 2.50

k1 beam 2.50

Alfa_b plate 0D.74

Alfa_b column 0D.74

Alfa_d plate 0.74

Alfa_d column 0D.74
Fb,ep,Rd 102.40 kM
Fb,cf Rd 102.40 kM
YRd beam 215.47 kM
4. Unity check

Assume following internal forces in this connection:

Nsg =0 kN

Vsq =10 kN

M,sq = 10 kNm

Check M: M/Mgq =10/34,9 =0,29<1 => ok!
Check V: V/Vaq = 10/189,48 = 0,05 < 1 => ok!
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Check MN:

In Scia Engineer:

5. Unity checks

M/Mgqg + N/Ngpg =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

5. Stiffness calculation

5.1. Stiffness coefficients for basic joint components

=> ok!

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

Beam-to-column joint with
bolted end-plate connections

Number of bolt-rows in
tension

Stiffness coefficients & fo
be taken into account

One |ri'|_.' k:: .[:'31_ kq.; kﬁ: .ir]u
Single-sided

Two or more Ry Kai kg

One Loell ol A ST
Double sided — Moments equal and opposite

Two or more K1; Foeg

One kl.: k:: .'-\':32 .i.'.;Z k;'. h;.
Double sided — Moments imequal

Two or more Ky oo hg

Beam splice with bolted end-plates

MNumber of bolt-rows in
tension

Stiffness coefficients & fo
be taken mto account

One

s [left]; ks [mght]; iy

Double sided - Moments equal and opposite

Two or more Fag
IR O Number of bolt-rows i | Stiffness coefficients k& to
s ’ tension be taken into account
. One Kyz; s g
Base plate connections e ki5; krys and kye for each bolt

Tow

For this connection (Single — sided), ki, k,, ks, ks and kyo 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: k3

_ 0,7 beff,t,wc twc
dc

ks

= betriwe 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, b+ w Should be taken as equal to the smallest of the effective
lengths |l given for this bolt-row in Table 6.4 or Table 6.5.

= beff,t,wc,rowl = 107,55

= beff,t,wc,rowz = 105

_0,7-107557

k3,TOW1 = 92 = 5,73 mm
0,7-105-7
k3,TOW2 = —92 = 5,59 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

5.1.2. Column flange in bending: k4

0,9 lessts
T ms

= |l is the smallest of the effective lengths given for this bolt-row given in Table 6.4 or Table

6.5.
= |eff = 107,55
= befsewerowr = 107,55
= beff,t,wc,rowz = 105
0,9-107,55 -123
kirow1 = 2697 - 8,59 mm
0,9-105 -123
k4,row2 = T 2695 =8,39 mm
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In Scia Engineer:

4.1. Design rotational stiffness

Loy k4lmml k2lmml kS mml k1 0Tmml kefflmml |
1 8.99 573 7.95 G.47 1.73
2 8.39 559 757 6.47 1.71

5.1.3. End-plate in bending: ks

0,9 lrrty

= leris the smallest of the effective lengths given for this bolt-row given in Table 6.6.
= |eff, row1 = 70
= Ieff, row2 — 185,51

0,970 -123
ks ow1 = e 7,55 mm
0,9-185,51-123
ksiowz2="—"7 5 —=7,57mm

(33,66)3
In Scia Engineer:

4.1. Design rotational stiffness

Loy kalmml k3 mml kel mml k1 0lmmil keiflmml |
1 8.59 573 7.55 6.47 1.73
2 8.39 509 797 6.47 171
5.1.4. Boltsin tension: kio
k 16AS
10— 4L L

b

= Ais the tensile stress area of the bolt A, = 157mm?
= Ly is the bolt elongation length, taken as equal to the grip length (total thickness of material
and washers), plus half the sum of the height of the bolt head and the height of the nut.
= Ly =te+ tp + twasher + (Nboit_head + hinut)/2
=12+12+3,3+(10+13)/2
=38,8mm
157

k10=1,6-ﬁ=6,47mm
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In Scia Engineer:

4.1. Design rotational stiffness

Loy k4lmml k2lmml kS mml k1 0Tmml kefflmml |
1 8.99 573 7.95 G.47 1.73
2 8.39 559 757 6.47 1.71

5.2. Equivalent stiffness

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

kefrr = 1/2(&) (see also formula (6.30) of EN 1993-1-8)

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

1
Kettrows = 7<= =173

5,73 8,59 7,55 6,47

1
kettrowz = T N 1,71

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

The equivalent lever arm z., should be determined from:

i Zr keff,rhrz‘ _ keff,rowlhrz'owl + keff,row2h12”owz
eq -

Zr keff,rhr keff,rowlhrowl + keff,rowzhrowz

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

156791
Zea = 724 48

= 216,42 mm

The equivalent stiffness keq can now be determined from:

k _ Zr(keff,rhr)

eq = (see also formula (6.29) from En 1993-1-8)

Zeq

_1,73:2454 41,71+ 1754
eq — 216,42

= 3,35mm
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And those values are also given in Scia Engineer:

5] data

gj 11.60 MM m/rad
Sj,imi 11.60 MMNm/rad
z 216,42 mim

mu 1.00

k1 230 mim

k2 270 mim

keq 335 mim

5.2.1. Column web panel in shear: k;

0,384
kl — ﬁ . vc

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.

D 2=12¢ =216,8=216,8mm

[ is the transformation parameter from 5.3 (7)

= B =1
0381312
k1 = Tlﬁ,S = 2, 30 mm
In Scia Engineer:
5| data
gj 11.60 MNmirad
Sjini 11.60 MNmJ/rad
z 216,42 mim
mu 1.00
k1 230 mim
k2 270 mim
keq 335 mim

5.2.2. Column web in compression: k;

_ 0,7 beff,c,wc twc
dc

ka

= d=h.-2(t+r.)=140-2(12+12)=92 mm
= berr = trp + 2V2a, + 5(tsc +5) + 5p
sp =12+ (15-+2-5) =19,93
Above the bottom flange, there is sufficient room to allow 45° dispersion
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Below the bottom flange, there is NOT sufficient room. Thus the dispersion is limited.
= berr =92+ 2v2-5+5(12 +12) + 19,93 = 163,27mm

0,7-163,3-7
kZ = T = 8,70 mm

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 a70 mm

keg 335 mim

5.3. Design rotational stiffness

_ EZ* Ez*
j — 1= 11 1
u Zl k; u (k—1+g+a)

= z=216,4 mm
= HWis the stiffness ration S in / S
0 HMjeg<Mjpg=>pu=1
0 1f2/3 Mgy < Mijeq < Mjgg => U = (1,5 Mjeq / Mj ) ¥

Mg = 10 kNm

M, ra = 34,9 kKNm => 2/3 Mz = 23,3 kNm

= u=1
2
= Sj — Ez .
u Xi k;
210000 *(216,42)? -6
S = — 11— " 107" =11596 kNm/rad
1+
2,30 8,70 3,35
In Scia Engineer:
S| data
3 11.60 MNm/rad
Sj,ini 1150 MNm/rad
z 216.42 mm
mu 1.00
k1 230 mm
k2 870 mm
keqg 335 mm
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5.4. Stiffness classification

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

N 7 4
G Edp o (2100005 (2,772:107 mm*)
S],rlgld =38 L, 8 2000 T = 23,28 MNm/rad
N 7 4
_ E, (210000_"5) (2,772:10” mm*)
Sj,pinned = 0;57 =0,5 2000 mm = 1,46 MNm/rad
In Scia Engineer:
4.2, 5tiffness classification
Stiffnes s data
E 210000.00 Mimm*2
[+ 27720000.00 mm * 4
Lb 2o000.00 mm
frame type braced
51 23.28 MMm/irad
52 1.48 MMNm/rad

System SEMI RIGID

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

MNm

01000

0.0900

9.0%00

00700

0.0600

0.0300

0.0400

0.0300

09200 o G o A
|."‘_|=l]. .'_—"'ﬂ.UU..'fI_..'I"I._"'Ill 'ld.U-J
Q.alog

0.0000
=

0.0005 \
4
B

00010
00nl1s

0,000
000355

0.0020
0.0025
0.0030
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5.5.  Check of stiffness requirement

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-1, 10-Sj,app-E -1,
10-E-I, +Sj.app-L, T L, 8-E-1, —Sj.app-L,
. 8-E-1
Sj.app > ——=2 _
Lb o0
Unbraced 24.Sj.app-E- 1, Sj.app< 24-E-1, 30-Sj.app-E- I,
30-E-I, +Sj.app-L, B L, 24-E-1, —Sj,app-L,
. 24-E-1 o0
S].app> Tb
b

In a general calculation, Sj,app equals infinity and we have the following results:

4.3 Check of stiffness requirement

Stiffness data
Fi v infinity MNmi/rad
Stiffness modification coef. 2.00
Sj,app infinity MNmirad
Sjlower boundary 23.28 MNm/rad
Sj,upper boundary infinity MNm/rad

Sj,ini iz not inside the boundaries.
The actual joint stiffness does not conform with the joint stiffness of the analvsis model.

And this is also shown in a graph:

MNm
0.1000
00800 St;tow /;;g.é_"g-l S[MNm/rad]
0.0500
0.0700
Sj.upperrinfinity
1-HRES :
0.0300
0.0400
0.0300
0.0200 L 7 -
Jﬁjﬂm@fﬁ?#ﬁm Nnrrad]
o.0100
0.0000
== ¢ = £ & & & & = rad
= (=] = = = = (=1 = =
= = = = = = = = =
(=] = (=] (=] (=] (=] = (=] (=]
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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 Sy Ely
10-E-1, +S;

.app * Lp

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 —05m*
Lb - 2m

= 23,3 MPa

Thus

8E1b
Ly

Siapp = 11,60 <

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

10+ Sjapp - E - I
~8-E-I,—S; Ly

app

10 -%- 210000MPa - 2,77E — 05 m*

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

= 28,90 MNm/rad
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And in Scia Engineer:

4.3 Check of stiffness requirement

Stiffness data
Fi y 5.80 MNm/rad
Stiffness modification coef. 2.00
Sj,app 11.60 MNm/rad
Sjlower boundary 6.64 MNm/rad
Sj,upper bhoundary 28.91 MNm/rad

Sj,ini is inside the boundaries.

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

MNm
Q1100
5i.upper=25-

01000

Q0500

00800

0.0400 /

Q0200 T e - S =T B0

W R IFE S T
_,_,_;—'—'_'_'_'_'-F_,_;—'—'_'_'_'_'_'_—_

2.0000 w‘_—fd _ _ _

6. Calculation of weld sizes
6.1. Calculation of ar
The weld size design for a;, using Annex M of EC3:
a Ey Yuw - .BW
T b2
Fw=min (Nggg, Y Fra)
bs - tey - 110-9,2-235-1073
Nygg = 222 Iy _ — 2378 kN
Ymo 1
Mgq

Fra = ——

h

6 7MNm/rad]

5[MNm/ad]

rad
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= his the lever arm of the connection
= Mg is the design moment resistance of the connection

Mgqg 349 kNm
Fpy = —===—""——=161,3 kN
Rd h 216,4mm ’

y=1,7 for sway frames
y=1,4 for non sway frames

Fw=min (N¢grg, Y Fra) = min (237,8 kN; 1,4 11161,3 kN)

Fw =226 kN

Fy Yuw Bw _ 226kN-125-08
fubsV2 360-1073-110-v2

=4,03mm

= a;=5mm
In Scia Engineer :

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

data

MRd 34,83 KHm
Gamma 1.40

h 210.80 mm
FRd 231.29 kM
NT,Rd 237.82 kM
N 231.29 kM
Fu 3s0.00 MPa
BetaW 0.80

minimum af 4. .13 mmm
af 5.00 mm
Minimum th 8.95 mm
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6.2. Calculation of ay

Iz, o

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=3,33kN

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
24+3-(12+12) < = =360 MP
\/01 (t{ + 73) By i 08 125 a
And:
fu 360 MPa
o, < = = 288 MPa
Ym,, 1,25
With:
o ( N ) 1 629 -103N 1 110,33 N/mm
NER T\ L) V2 2 ay 20L,57mmyz a,
_ D 333 103N _ 826 N/mm
N, L, 2-a, 200,57mm | a,
= After iteration: a,=a, =0,7 mm
= ay=1mm
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In Scia Engineer:

6.2. Calculation aw

data

Ft

Fv

ey

Fu

BetaWw
minimum aw (az2)
aw

62, .41
3.33
201.57
360.00
.80
1.00
3.00

kM
kN
mm
MPa

mm
mm
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