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EN 1993-1-1 (2005) (English): Burccode 3: Design of steel
gtriudtiures - Part 1-1: Gefieral wiled and riles for buildifigs
[Authority: The European Union Per Regulation 305/2011,
Directive 98/34/EC, Directive 2004/18/EC]

Table 3.1: Nominal values of yield strength f, and ultimate tensile strength f, for
hot rolled structural steel

Nominal thickness of the element t [mm]
Standard
and t <40 mm 40 mm <t <80 mm
steel grade " . N N
£y [N/mm-] f, [N/mm-] f, [N/mm] f, [N/mm-]
EN 10025-2
S 235 235 360 215 360
S 275 275 430 255 410
S 355 355 490 345 470
S 450 440 550 410 550

3.2.6 Design values of material coefficients

(1)  The material cocfficients to be adopted in calculations for the structural stecls covered by this
Eurocode Part should be taken as follows:

modulus of elasticity E =210 000N /mm’
E fesecis
- shear modulus = ~ 81000 N/mm
2(1+v)
- Poisson’s ratio in elastic stage v=03

~ coefficient of linear thermal expansion & =12x10™ perK (for T 100 °C)

NOTE For calculating the structural effects of unequal temperatures in composite concrete-steel
structures to EN 1994 the coefficient of linear thermal expansion is taken as o = 10x10™" per K .

F ¢t
b f, vyield strength
1 A = bxt
) E = 21 000 kN/cm2
0
o= f, = 23,5 - 35,5 kN/cm2
i:AL SZAL/LO fu:36,0'51,0 kN/sz
Hooke's law: 6= E x & fu ultimate strength
E Young's modulus of elasticity a=1cm




6.2.3 Tension

[0 (1P The design value of the tension force Ny at each cross section shall satisfy:
N

Bl 227 (6.5)
NLRJ

(2)  For sections with holes the design tension resistance N, gq should be taken as the smaller of:
a) the design plastic resistance of the gross cross-section
Af _
N;)I.Rd = (6.6)

MO

b) the design ultimate resistance of the net cross-section at holes for fasteners
09A T

N v = ) nel " u (67)
M2

EN 1993-1-8 (2005) (English): Eurocode 3: Design of steel
structures - Part 1-8: Design of joints [Authority: The
European Union Per Regulation 305/2011, Directive 98/34/EC,
Directive 2004/18/EC]

3.10.3 Angles connected by one leg and other unsymmetrically connected members in tension
(1) The eccentricity in joints, see 2.7(1), and the effects of the spacing and edge distances of the bolts,

should be taken into account in determining the design resistance of:

- unsymmetrical members;

- symmetrical members that are connected unsymmetrically, such as angles connected by one leg.
(2) A single angle in tension connected by a single row of bolts in one leg, see Figure 3.9, may be {reated

as concentrically loaded over an effective net section for which the design ultimate resistance should
be determined as follows;

B 2,0((:’2 —0356?’0){ fu
Y

with 1 bolt: NyRrd

AT

Y

with 2 bolts: Nurd .. (3.12)



- .(4
B AT . (3.13)

fVuJui ==

YT

with 3 or more bolts:

where:

fi» and fiy are reduction factors dependent on the pitch py as given in Table 3.8. For intermediate values
of p; the value of § may be determined by linear interpolation;

Ay 15 the net area of the angle. For an unequal-leg angle connected by its smaller leg, A, should
be taken as equal to the net section area of an equivalent equal-leg angle of leg size equal to that
of the smaller leg.

Table 3.8: Reduction factors f; and f;

Pitch P <2.5d, >5,0d,
2 bolts f> 0,4 0,7
3 bolts or more Jix 0,5 2
PRI a) 1 bolt
e}_;_ ! L b) 2 bolts
- - ) c) 3 bolts
(a)
Sy, P ! | 8y Pr 1o ]
o i i
& & L o o o .
(b) (c)

Figure 3.9: Angles connected by one leg



SAMPLE 1
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N,, =450kN
5235 f,- =235 kN/em® f, =36,0 kN/em®
bolts M24,88 = d, =26mm
‘4 ' f!'
pr,Rd = wi
{ MO
N, g = min
A -
N“’Rd. — 0’9 . ner ‘f;.’
Vara
A-f i 2.9
N = Sy _BU02-T5 564,0 kN
M0 1,0
A - . 9.5
Nan — 0J9 ' = tf“ — 0:9 i (20 2 2)6) 1}2 6 = 460,3 ;\’N
' Varz 125
d
N =N .. =4603 kN = N,, =450 kN N =t
net
Anet=A—-2xdoxt=bxt—-2xdoxt=(b-2xdo) xt b

Neq / Niera =450/ 460,3 =0.98 < 1.0 - satisfies! OK!
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SAMPLE 2
i

\ e
L7070.7 e W
7 N
& & & & | >
MW L e, =30 mm
30I 65 | 65 ! 65 |30 10
e, =30mm p, =65mm __— S
/
L70.70.7  A=94 cm®
275 f, =275 kNlem®  f, = 43.0 kN/em’
M16,8.8 > d, =18 mm
A-f, A-f, 94:2715
N i : Npr,m i = = 2585 kN
3}‘1;0 fMO
Nz, =min
AJJ‘-?I 'tj’;n‘
ATH.R(:’ = B
a2
Table 3.8: Reduction factors f; and fi;
Pitch D <254, =50d,
2 bolts > 0.4 0,7
3 bolts or more Ji 0,5 0,7
25x18=45mm <p; =65 mm <5 x 18 mm = 90 mm B 3
B =0.5+(0.7-0.5) /(90 - 45) x (65 —45) = 0,59 0.7
B=03+0082 =059 0.59
18
4 94-18-07)-43 =
N, o =059 A 0,59 PA-LE0T)A 165,2 kN
yﬂ'fl 4
45 65

Ny =N, o =1652kN

tRd




6.2.4 Compression

(1)P The design value of the compression force N4 at cach cross-section shall satisty:

N.
Ed SI,O (69)
Nc.Rd
(2) The design resistance of the cross-section for uniform compression N¢grg should be determined as
follows:
A t‘\" .
N.pa = : for class 1, 2 or 3 cross-sections (6.10)
VMo
AC(T f\‘ .
N.ra = . for class 4 cross-sections (6.11)

Tmo

(3)  Fastener holes except for oversize and slotted holes as defined in EN 1090 need not be allowed for in
compression members, provided that they are filled by fasteners.

O¢ " Omax " Omax
A 1 1 1
L)) I be/2 effective width b_e
—> X y e
» (AT 7
> A =14 =< A 3
—— e = ;j non-effective
—> | b| 1| Y
> Ll N
— | | [ber2
: e
> \ 4

/_+W\ Omax<OF : :
buckling slender plate --> buckling

Gmax—OF

Al | crippling non-slender plate --> yielding




EN 1993-1-1 (2005) (English): Eurocode 3: Design of steel
structures - Part 1-1: General rules and rules for buildings

5.5 Classification of cross sections
5.5.1 Basis

(1Y The role of cross section classification is to identify the extent to which the resistance and rotation
capacity of cross sections is limited by its local buckling resistance.

5.5.2 Classification

(1)  Four classes of cross-sections are defined, as follows:

- Class 1 cross-sections are those which can form a plastic hinge with the rotation capacity required from
plastic analysis without reduction of the resistance.
Class 2 cross-sections arc those which can develop their plastic moment resistance, but have limited
rotation capacity because of local buckling.

- Class 3 cross-scctions are those in which the stress in the extreme compression fibre of the steel member
assuming an clastic distribution of stresses can reach the yield strength, but local buckling is liable to
prevent development of the plastic moment resistance.

Class 4 cross-sections are those in which local buckling will occur before the attainment of yield stress in
one or more parts of the cross-section.

M,
Mg }
class 1
L [ ST (.
Mpl
class 3 !
5 class 4 E
i 5 .
1 $rot -
pl
class 2
: class 1 | C{t | class3 | class4
| | | |
0 (C/t)lim_l (C/t) lim 2 (C/ t) lim 3 c/t
(c/t)

lim

1 - internal webplate / outstand flanges
2 - internal forces --> N(-), M, N(-) - M
3 - steel grade --> ¢



width-to-thickness ratio (plate slenderness) ¢/t >=< (c/t)imt = class of the plate

Table 5.2 (sheet 1 of 3): Maximum width-to-thickness ratios for compression

parts

Internal compression parts

ITI i T =
| ] e ) ) C | _ Axisof
L bending
e toll, tl- | tr,
———  ——
t
[ vI [ 'I
i [
I t s t Rt Axis of
C
= - e - - — bending
Class Partt) sub_!ect o ot su.bA]‘ec_t o Part subject to bending and compression
ending COMpression
f f f
Stress — 1 — 1 i r
dlstrlbution + + + ‘ac|
1n parts c c . lc
(compression - - |
positive) ST — —= - o
fy y
39
whena >0,5: ¢c/t< i
1300 —1
I c/t<72¢ c/t<33e 36
when . <0,5: ¢/t S—g
a
456
whena>05: ¢/t < T )81
2 c/t<83% o/t <38 4]";_
when a <0,5: c/t<—= &
o
f
Stress _f —7
distribution T +
in parts i c c
(compression 4 }'
ositive) I
P — v
42¢
wheny>-1: ¢/t{——«—
3 c/t<124e c/t<42¢ 0,67 + 0,33y
when y < 1" ¢/t <62e(1 — ) /(=)
f, 235 275 355 420 460
= d2357 . -
g £ 1,00 0,92 0,81 0,75 0,71

*) y < -1 applies where cither the compression stress ¢ < f, or the tensile strain g, > f,/E




Table 5.2 (sheet 2 of 3); Maximum width-to-thickness ratios for compression‘
parts

Outstand flanges

<——C—>| —-9~> ¥
™ . . — :
t t i t -
C
Rolled sections Welded sections
Class Part subject to compression _ Part sub]ccvt to bending and conilp?cssmn'
Tip in compression Tip in tension
Stress . ac _ ac _
distribution - | :+ . o +
e N N — N —
(compression Hh - VT | 5
positive) o e ¢ —
O¢
1 c/t<9¢e c/t<— c/t<
o ova
10¢ 10e
2 c/t<10¢g c/t<— c/t<
o oA
Stress \ y :
d‘f;’f::i‘so“ J:+ | i wa— p—
: L ¢ He i N
(compression b - PO S— bi—C
positive) ! ’
/t<2
3 c/t<14e c/t<2leyk,
For k; see EN 1993-1-5
: f, 235 275 355 420 460
g=,/235/f, L = 2
! £ 1,00 0,92 0,81 0,75 0,71
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Figure 4.1: Class 4 cross-sections - axial force
C———
/3
1 - - - 2
G —- —_——
=
— ——
| Ve
1
. - — 2
G Gr

Gross cross section

10

Effective cross section

ho

3

centroidal axis of the
effective cross section
non effective zone
Figure 4.2: Class 4 cross-sections - bending moment



EN 1993-1-5 (2006) (English): Eurocode 3: Design of steel
structures - Part 1-5: General rules - Plated structural
elements [Authority: The European Union Per Regulation
305/2011, Directive 98/34/EC, Directive 2004/18/EC]

4.4 Plate elements without longitudinal stiffeners

(1) The effective” areas of flat compression elements should be obtained using Table 4.1 for internal
elements and Table 4.2 for outstand elements. The effective” area of the compression zone of a plate with the
gross cross-sectional area A, should be obtained from:

Acxﬂ'=p Ac 4.1)

where p is the reduction factor for plate buckling.

(2)  The reduction factor p may be taken as follows:

- internal compression elements:

p=10

- Ay, —0,055(3+y) <10

—2

A[}

- outstand compression elements:
p=10

A —9,188 .

A»

1,0

fo bt
o, 284e.fk,

w is the stress ratio determined in accordance with 4.4(3) and 4.4(4)

where 4, =

b is the appropriate width to be taken as follows (for definitions, see Table 5.2 of EN 1993-1-1)
by, for webs;
b for internal flange elements (except RHS);
b-3t forflanges of RHS;

¢ for outstand flanges;
h for equal-leg angles;
h for unequal-leg angles;

ks is the buckling factor corresponding to the stress ratio y and boundary conditions. For long plates &, is
given in Table 4.1 or Table 4.2 as appropriate;

t is the thickness;

o, 15 the elastic critical plate buckling stress see equation (A.1) in Annex A.1(2) and Table 4.1 and Table
4.2:

235
E= =
s |N [mm” I

11



Table 4.1: Internal compression elements

Stress distribution (compression positive)

Effective” width b

T y=1:
1 0 =
ber=p b
bc| = 0.5 b\.”‘ /7‘.2 = 0.5 I)C”'
1>y >0:
ber=p b
b” = 5_1//1)(,/’/‘ bc2: bcll'_bcl
K. b X 14 < ()'
; l =y bw=pb.=p /)_/(]-l,//)
L gy T
b AII 17‘.1 =04 bgn bcg =06 bc!l
y = a.la, | 1>y>0 0 0>y >-1 -l ED-1 > @ >-3¢0]))

4,0 7,81

Buckling factor &, 8,2/(1,05 + y)

7,81 - 6,29y + 9,78y 23.9

5,98 (1 - p)°

Table 4.2: Outstand

compression elements

Stress distribution (compression positive)

Effective” width b,

/
by 1 >wy>0:
% ’ ber=pc
¢ y
A
i"a v
’ v <0:

% ’JV: bell I,

ber=pb.=pcl(l-y)

W = 0,/0) | 0 -1 | >y>-3
Buckling factor k, 0,43 0,57 0,85 0,57 -021y + ().071//1
?e" 1 >w>0:
bLH =pc
w<0:
be=p be =pcl(1-y)
W =00 I 1>p>0 0 0>y>-| -1
Buckling factor k, 0,43 0,578 / (y + 0,34) 1,70 1,7-5p+ 17,1y 23,8

12



SAMPLE 1

HE 280 B column, N¢rd = ?

Steel grade S235

fy =235 N/mm?, f, =360 N/mm?,£=1,0
classification:

flange: ci/ti=(bf/2—tw/2-r1)/t:=(28/2-1,05/2-2,4) /1,8 =6.15

ci/tr=6.15<9¢=9 > class 1

compressed flange 9¢ ; 10¢ ; 14¢ ,

web:cy /tw=(h—2%xtr—2xr)/ty=(280—-2x18-2x24)/10,5=196/10,5=18.7<33c=33 > class 1
compressed web: 33¢ ; 38¢; 42¢

The HE 280 B column in case pure compression is class 1.

Ml

13

"*-_- At :
' c.Rd —
¥ Mo
h Yy=f-— dh —
- +th Nera=131.4x23.5/1.0 t
i 1
L — Nera = 3 087.9 kN '
Iy z
Denominacion Dimensiones Dimensiones de construccion Superficie
Designation Dimensions Dimensions for detailing Surface
Designazione Dimensioni Dimensioni di costruzione Superficie
G h b Ly t r A h; d o Pmin Pmax AL Ag
kg/m| mm mm mm mm mm mm? mm mm mm mm m?/m m?/t
| X102 ’
HE 280 AA* 612 264 280 1 10 24 780 244 196 M27 110 178 1,593 26,01
HE 280 A 164 210 280 8 13 24 973 244 196 M27 112 178 1,603 2099
HE 280 B 103 280 280 10,5 18 24 1314 244 196 M21 114 178 1618 15,69
HE 280 M 189 310 288 18,5 33 24 240,2 244 196 M27 122 186 1,694 8,984
Propiedades del perfil / Secti ties / Proprieta del profilat ificati
R — ropiedades del perfi ection properties oprie el profilato Classification ol
Designation eje fuerte y-y eje debil z-z ENV 1993-1-1 % > §
Designazione strong axis y-y weak axis z-z e == 9 2 ©
asse forte y-y asse debole z-z bending yy [compression| S g P
G |y Wel.y Wpl.y' iy sz Iz Wel.z \Npl.z0 iz Ss It |w 5 Lﬁ § § {@ § g u;_, g
kg/m| mm mm® mm® mm mm? mm* mm® mm® mm mm mm* 1 (G ) e g e R
x10* [ x100 | x10° [ x10 [ x108 | x10¢ [ x10° | x10° | x10 | x10t | x108
HE 280 AA 61.2] 10560 7998 8131 163 2752 | 3664 261,7 3994 6,85 5512 3622 5901 |3 4 4|3 4 4\/|V |V
HE 280 A 7641 13670 1013 112 118 31,74 | 4763 340,2 5181 700 | 6212 6210 7854 |2 3 4|2 3 4|v[H[H
HE 280 B 103 19270 1376 1534 121 41,09 | 6595 47,0 116 709 | 7462 1437 1130 |11 2(1 1 2|/ |H|H
HE280 M 189 39550 2551 2966 1283 7203 | 13160 9141 1397 740 | 1126 8073 2520 |1 1 1|1 1 T|v[HI|H




SAMPLE 2

60 x 40 x 2,5 rectangular hollow section, N¢rd = ?
Steel grade S275

fy = 275 N/mm?, fu = 430 N/mm?, £ = 0,92

folding radius r = t!

classification:

flange: ci/ti=(b—2xt—2xr) /t=(40-2x2,5-2%2,5)/2,5=1

t

ce/tr=12<33e=33x%x0,92=30,36 2> class 1

compressed flange 33¢ ; 38¢ ; 42¢,

compressed web: 33¢ ; 38¢ ; 42¢

60 x 40 x 2,5 rectangular hollow section in case pure compression is class 1.

A f‘}.
¥ Mo

¢.Rd

Ncra=4.7x27.5/1.0=129,25 kN

hx b t | M| A Wei Wi It Wr | A L
vy | zz | yv | zz | yv | zz | yvy | zz
mm mm_|kg/m | cm® | em* | om® | om em | em® [ em® | em® [ em® [ em* | om® [ m¥m | m
50 x 30 25 1290|370 11,9 5,28 1,80 1,20 478 352 5,96 414 1.5 6,52 | 0,156 | 345
30 | 342|436 | 13,8 6,02 1.78 1,17 5:50 4,01 6,95 4,80 13,2 760 | 0,155 | 292
32 |363|462| 144 6,29 y [ 7474 1,17 5T 4,20 7,32 5,05 13,9 8,01 | 0:155: | 276
40 |441|562| 169 7.25 1,73 1,14 6,75 483 8,72 5,97 16,2 954 | 0,153 | 227
50 [533(6,79| 194 8,17 1,69 1,10 7,74 5,45 10,2 6,95 15.5 112 |05 188
60 x40 25 (369|470 | 23,0 121 262:1 1,61 7,67 6,07 9,37 7,05 247 10,8 | 0,196 271
30 (4,37 | 556 | 26,1 14,0 2,19 1,59 8,91 7.01 11.0 8,24 28,7 12,6 | 0,195 | 229
32 |463]590 | 281 14,7 2,18 1,58 9,38 7.36 11,6 8,70 30,3 134 | 0,195 | 216
4.0 |567|722| 333 3 245 1.55 11,1 8,65 14,0 10,4 359 16,1 0,193 176
50 6,90 8,79 | 39,0 20,0 291 1,51 13,0 10,0 16,6 12.3 419 19,2 | 0,191 145
6,0 |8,05| 10,3 | 43,7 221 2,06 1,47 14,6 11,1 19,0 14,0 47,0 219 | 0,190 124
6,3 838|107 | 449 22,1 2,05 1,46 15,0 113 19,6 14,5 48,3 22,7 | 0,189 119

14




SAMPLE 3

1. Determine the tension and compression resistances of the welded steel I-section
(classification)! Steel grade S$235: f, = 235 N/mm?, f, = 360 N/mm? ¢ = 10
(compressed flange 9¢ ; 10¢ ; 14¢ , compressed web: 33¢ ; 38¢ ; 42¢) kg=4

Z . ] ‘ I 5w | =
1  34-180-22 A 90 1242 49 fZ M
ce L

et T A2, 13§ :
LI i 900 - 12 Mp(.fd: } @3%.2 LJ/:
y

y y 4/0 —— )
VoWV . . o
JLbﬂfl Classi & cahon
G g h
Agp 4L -
ks Llonge Ce B-F-6F (9551 205 g dass
— 4
1 +180-22 3 22 71 ==
‘ eb - S I®-26E  8gS

—— = =179 ) - class4
tu e 12 Ml 7>L’ -

Tosedson clasf b,

S _Qoss (24 /
wéb - . _1hs3 =/4%0 - Q=@9—M:g§3§ <4

e = 1,58 EE
b p2-8 - Cu=0632 291> G642 pmn z,=JZ= e,
wow "Vo, 284eqk, =

o - 993-5642 328,80
Reop= A- o = A0 2- TB88 AL 148,0 &

H
» JLI 8{ 9 Z },S-
[\/C‘f‘( ) oy N 3;9.952 LV N - A 1,
. — ¢.Rd — Y—
o[0T T = g=l: MO
bei beo |, —n b
/Lﬂ‘, b : bc” P b l// = 0'2/(7] l
be = 0.5 by b =05 b, | Buckling factork, | 4.0
z Classification:
.
450 flange:
CW | ax2
y y c/ti=(bi/2—tw/2—-ax2%)/t
web:
Ct 3
_\.TI Cw/tw=(hw_zxax20'5)/tw

15



SAMPLE 4

1

le

Determine the tension and compression resistances of the welded steel I-section (classification)!
Steel grade S355: fy = 355 N/mm? = 35,5 kN/cm?, f, = 510 N/mm?, ¢ = 0,81

(compressed flange 9¢ ; 10¢ ; 14¢ , compressed web: 33¢ ; 38¢ ; 42¢), Ko.flange = 0,43, Koweb = 4,0
flange 400-14, web 1100-8, a = 4 mm

A=110x0,8+2x40x1,4 =200 cm?
y

Nird= Axf, /ymo=200x355/10=7 100 kN

Classification:

flange: c¢/ te=(bs /2 -1u/ 2-ax 2°%) / t¢= (400/ 2-8/2-4x2°%)/ 14 =

=190,3/14=13,6>14x¢c =14x0,81=11,34 > class 4

web: cw / tw=(hw-2xax 2°%) = (1100-2 x4 x 20%) /8= 1088 /8=136,1>42x¢ =42x0,81+=
= 34,02 > class 4

Effective width — effective area:

> welded I-section in case of pure compression with the steel grade S355 class 4 section!

flange:

/l-,, - f\

e A, —0188

Ap

bl
o, 284¢e.fk,

=190.3/28.4/0.81/0.43%5=12,62

=(12,62-0.188)/ 12.62>=0.078
bet = 0,078 x 190,3 = 14,8 mm

Stress distribution (compression positive) Effective” width b,
by ’| | >y >0:
1T [ gy
(| ber=pc
C
W= 05la) I 1>y>0 0 0>y>-I| -1
Buckling factor k, 0.43 0,578 / (y + 0,34) 1,70 1,7 -5y + 17,1 t//2 23,8
Z
web:
_ b &
A[;:\/"f\ :——28 b/[ A W I
o, 4de. i |
=136.1/28.4/0.81/4%°=2.96 y y
p:/l,,—o.o_sﬁs(3+y/)gl.0 Cf
A
=(2.96 — 0.055x(3+1)) / 2.962 = 0.31 -
16
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befrw=p X cw =0.31x 1088 = 337.3 mm
be1 = be2 = 0.5 X bess = 0.5 x 337.3 = 168.6 mm
berNw=(1—p) x ¢ = (1-0.31) x 1088 = 750.7 mm

o [ [HENTE u=l
bei beo = b
Je Gt ) 5 v bar=p b =
be1 = 0.5 by b =0.5 by Buckling factor &,

Aetf = A — (beffNON‘w Xty + 4 X besVON ¢ x t = 200 — (75.07x0.8+4x2.3x1.4)=127.06 cm?

N =—— =127.06x355 /1.0 =4510.6 kN

/Mo
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§

returns -->
STABLE

Compression load:

Stability theory

OO,

it 1
does not return --> does not return -->
UNSTABLE INDIFFERENT - UNSTABLE

Internal resisting moment: M_=-EI-y"

Equilibrium equation: El-y"+P-y=0
, P

-:E )/”+k2‘y=0

Solution of the linear homogeneous

! y differential equation:
L | \ i\ y=K-e"" K-e" -(m*+k*)=0
| —Ely"
E {y = ik 1 y — Cl . e/\'~.\‘~1 o Cz . e—k‘_\ul
— > :
> Y e = cos kx + i sin kx A==~ Cy3;
P TP TP B=C, +C,,

| Euler-column [1744] |
Boundary conditions:

x=0 > y=0;

0
x=L —> y=0.

First of these conditions:
B=0 y=A4-sinkx

Second of these conditions:
A-smkL=0
Trivial solution: A=0

Critical solution:  sinkL =0

‘y=A~sinkx+B'coskx

k-L=n-7 TN
> > A
 Bem-El L TR F
P= Iz y=d-sm F_cr theoretic buckling behaviour
F_max
=1z P = z-H y= B real behaviour - imperfections
i ] --> buckling curves
Effective length: /=1L ' 7

18



EN 1993-1-1 (2005) (English): Eurocode 3: Design of steel
structures - Part 1-1: General rules and rules for buildings

6.3 Buckling resistance of members

6.3.1  Uniform members in compression

6.3.1.1  Buckling resistance

(1) A compression member should be verified against buckling as follows:

N,
Ld < I’O (646)
N b,Rd
where Npg s the design value of the compression foree;
Nyra 18 the design buckling resistance of the compression member.
(3)  The design buckling resistance of a compression member should be taken as:
L AT .
- for Class 1, 2 and 3 cross-sections (6.47)
Mi

b,Rd

XA
Nb,Rd =

e for Class 4 cross-sections (6.48)
M1
where y 1s the reduction factor for the relevant buckling mode.

6.3.1.2  Buckling curves

(1)  For axial compression in members the value of y for the appropriate non-dimensional slenderness A
should be determined from the relevant buckling curve according to:

: but x < 1,0 (6.49)

gL
o+ -1

where @ = 0,5[1 + OL(X - 0,2)+ XJI

— Af,
A= - for Class 1, 2 and 3 cross-sections
NCI’
Y A cley .
A= for Class 4 cross-sections
NCr
o is an imperfection factor _
N, is the elastic critical force for the relevant buckling mode based on the gross cross sectional
propertics.

(2)  The imperfection factor o corresponding to the appropriate buckling curve should be obtained from
Table 6.1 and Table 6.2.

Table 6.1: Imperfection factors for buckling curves

Buckling curve ag a b c d
Imperfection factor o 0,13 0,21 0,34 0,49 0,76
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Table 6.2: Selection of buckling curve for a cross-section

| Buckling curve

Buckling | S 235
Cross section Limits about S 275
axis 3355 S 460
S 420
b i - a a
o L o ty <40 mm )z/ Z b ;('
f— - 0
. B A
E [ = 40 mm <t < 100 y=y B a
= z—2z c a
3 hi y 1 y
= ! ~ t < 100 mm y—y b !
2 oL z—z c a
|—/‘;1 Vi
z = - d c
= ty> 100 mm yoy
b | -7 d c
- =t 3t t; <40 mm y-y b
= 2 z-2 c c
= .2
;; 3 - y y —- /Yy
ki | y-y | e | ¢
t; > 40 mm S d d
z z
> » hot finished any a ag
23
R
= 2
cold formed any ¢ c
1Z t
[ H | y - o
9 - - generally (except as any b b
s ., | below)
D = ]
B2 h| v T
=2RI) . =
G ) i t,, thick welds: a > 0,5t;
= [ I ] b/ty< 30 any C c
R £ | h/t, <30
7 |
T 5 !
= § | ] N . any c c
I'\ E 1
-3 H \
] | any b b
-
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Reduction factor

0,0

0.0 0.2 0.4 06 0.8 1,0 1,2 1,4 1,6 1,8 2,0 22 2,4 2,6 28 3,0

Non-dimensional slenderness A

= N
(4)  For slenderness A <0,2 or for N—E"S 0,04 the buckling effects may be ignored and only cross

sectional checks apply.

(1}  The non-dimensional slenderness 2 is given by:

XN ‘ |
~ = —— for Class 1, 2 and 3 cross-sections (6.50)
Ncr ! }\‘1
Acl'l‘
_ Lo V A
A

where L, is the buckling length in the buckling plane considered

L

.
i

y

A=

A gy f .
for Class 4 cross-sections (6.51)

N

CI

1 is the radius of gyration about the relevant axis, determined using the propertics of the gross
cross-section

$235 7., =939
A= Tr‘/fi =93,9¢ S275 %, =868 hig = _LC" Vv X Lo
5 8355 %, =764 PA 0y R
235 . ) $420 A, =702
£= —t_ (fy iIn N/mm”~) S460 7., = 67.1
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Calculation steps for flexural buckling resistance:

1) classification of the cross-section: class 1, 2 or 3 €= class 4

2) sectional properties: A, Iy, I, iy, i,

3) buckling lengths: L, = v, x Lo, L, = Vv, x Lg

4) slendernesses A1 =93.9x¢, Ay =L, /iy, A, =L, /1,

5) non-dimensional slendernesses: 4,, and 4,

6) selecting buckling curves and calculation of ¥, and y, buckling reduction factors

7) Nbrd = Ymin X Axfy /ym1,ym1=1.0

buckling length

N N N N

{
y
= A R T A
N N
v=1.0 v=0.7 v=0.5 v=2.0

— 4/
L ¢
% %

' N

3 =<== o theoretically
2.5-3.0 practically

=
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2. Determine the buckling resistance of the welded I-section (classification)! The geometry
and support conditions see on the figure. Steel grade $235. fy = 235 N/mm?, f, = 360 N/mm?,

e=10
Kihajlisi gorbe Kivillasztisa adott keresztmetszethez:
Z -
C— T —3—220-18 S N | Kthaylas: win
i S
5 Keresztmetszet Norkitozisok | Kibajlasi Sars
Lotengely N s Ao
1 E S0
y y £ Hegesztent ] sechények h N
: 9 <
- 8 [ ——y s 40 mo (y p
g " o0 ¥ 4 b >
400-10 : i i -2 d
)L_ Adott Kihajlasi garbéhez tartozé o imperfekeios lcnyczok:' )
S e e i | WA d
{ y R

I
h—=22048 Mag vl e T
\_/I S
W40 o bl
W W o7 " \/’q,_—,

SR e Sl [ ,
o <9
Cu .49 ~ :] QC@MIE
Web. SEAW-25F _Jsg ¢ 4 (S
— 0 b
A= ko 14222 1,9417_95 o
,thj
79 4%42( 42279204)@
Ly, A8 4<3“ @495%
iy
390 _ R )
39950 0,50%] x 2 <V 013
ﬁ?ﬁ 97 49;1 93,9 Q > =003
|5 ), =2 J/-O%o]@i@s&o/w
2-/447:@7) ;)2— 548 93,9 ==

_/{La%(o,go?-o;z)#o;%u} Oé%

& z T )@ Of ’Wf el

¢ (0,360 ~C2 +C Jé() 9

)= 4/»(//49( 6 I ) [ :O,é@% ‘ ] y ) (/ q/{g
i % R 0,604+ 0/60"12-0,3601'

1 <10

Mowi= (1916 413225
“40

125 245
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2. Determine the buckling resistance of the welded I-section (classification)! The geometry

and support conditions see on the figure.
Steel grade S275. f, = 275 N/mm?, f, = 430 N/mm?, .1=86 8, ¢ = 0,92

Table 6.2: Selection of buckling curve for a cross-section

Thuckling cunve

Z
245 - 22 § ? N Cross section Tonits “‘::»H‘-:I' =
- an
375-12 .
| . —— =t ——¥F1 z
Y y el fi-— 1 |
0 B . .
g l Table 6.1: Imperfeclion factors for buckling curves
6 < Bucklin e a | a | 1/-%]] ¢ | d
N In:per| | o1 xm ] 015 | 021 [[ o3| 0.9 4 076 |
N ~ e
|—|—+Z45 22 \V = \ = but <10
V z d)+\l¢ %
ZLyé\ AT ,‘P where { =0, \ll-*-ulk ()")+/ J
lagp C‘D S b L
WCW% A QI ‘4992/92% 1
! een — 1)
y i L
. Lo 375-261 22984/< 35092103 5(/30»)(4 —
{u 11 ‘\—,//

f)=3R5 4242 24,92(2.{@2(9?

4 42336 3 a0 A
j’ﬁ‘ ﬁ/‘ﬂ(&/’; L +Zl7,§-2,2'19,85?'> 1t ¥93e
1

(a

—

m MH 22 ?45} ngggﬂ

L,77-93 - ;)\ O? [1207:0 1%‘ 7{/6 A ,Z (//1}4
V7525 T 131 %

ST 20, BAP L awe L0

SIE . /5 % s T =
[1? Q > 0
¢=O,§(4+O% 0,19~012 + 0,96 2’0 5‘%@ | o
: (0190-012) +9 )3 = Vow = 0,643 d_/f\_:*"z

7Z 4(44 (//49(0”/51 02)4—0“%”1) 1000 )

Iy
% - o,wm e | e
/>f ‘T 693 \\79/ L =0,443

A% +‘ Lt

24



2. Determine the buckling resistance of the welded I-section (classification)! The geometry

and support conditions see on the figure.
Steel grade $235. f, = 235 N/mm?, fu = 360 N/mm?, 21=93,9, ¢ = 1,00

Table 6.2: Selection of buckling curve for a cross-section

Z DBuckling cunve
—4=3260-25 s Y
% J Cross section (BN l - N 273 < 460
- avis R
400 -12
E i = Y = ¥t 1 < 40 mm \( '; %‘/) b
z L7 g ¢
Yy y E =B Yoy § y
—— O e —f— W4 mm 3 :1 X
e
9} : » - —
O Table 6.1: Imperfection factors for bup@mg ?urves
6 a9} Buckling curve } a |

z D+VD K
G W
I(cwvﬂt Tt « <Z£° L‘(?"/z

25
Veh . E’uj\ 0(00‘2'6'[2:
Cw o x -

A= 404242 76&?@
e meu Z(?'” 2.0 et =L6 i 5411%}

ew,zs zrze 0
jz—— ¢ /Zg 9“4

—_—

/—‘—7 ~ _2.%7
6541 :7 )
7 73 4‘3 el 4973979

I

(2729 7 [z, o s
*C”’i—ip ’)@,@“‘” ;) :ﬁzézg.f;/@

P AL034(039-02)1.9 395
9" 2

J 100:9(0589-92) 19599
Z:

|
-0 /
. 0,769 Y-

0, %94 0269 0,992

Mynl= 07392 - 140 238 (4849 9 L/

10

f where @ = ().Sb + (‘/.(_}_. ——0.2)4—2

| )v ])\\p::‘l‘c:l:on factor t 013 | ¢ )ﬂl E(l\ 4/{ l).yﬁ JI 0. g
|
':—41—@’2 260-25_ ° -,=__.__'_.. but % <10
Vv, Vv ~ = X

i




2. Determine the buckling resistance of the welded I-section (classification) The
geometry and support conditions see on the figure.
Steel grade $275. fy = 275 N/mm?, f, = 430 N/mm?, 11=86,8, ¢ = c¢,92

Table 6.2: Selection of buckling curve for a cross-section

Z | | Budl kln curv
[ q_ - N Buckhu 82
245 22 ? ? A Cross section Linnts I about | 8278 1
N | uxis §35% | S 460
375- 12 ST
! E z | = =t = = 3 < 40 mm } 1‘7"7 } b2 5
~ ; | = i N | N
y y = 23y sy y ey ‘ [“_—
o = —d = t; =40 mm ; ;:; | jl J J
0 2 2 i | | e
N Table 6.1: Imperfection factors for buckling curves
6 < Buckling curve o T o [ v T ¢ T a1
| o Impertection factore | 013 | 021 | 034 | 049 | 03¢ |
245.22 5 & T
- 1
Z » v 5= but ¥ < 1.0
/ - =3
y r4 D+VO -k

L{, ’—%{ 1_2 (3}7 ‘7 a7) U % (/(4 2 where (D=().5ll+(x(?_-—(),2)+}_.:J

u’/;.31626tz jégogéclg/

bs VA4 2.265-2,12152,8 &L

A on2msd o, o e
A P - #Zé,ﬁz,;,79,gc2):l‘f1¥3zv?C/*v

7) v?C/z Sy Z,rl 2175; R 65 985‘@#

2 =
Ji e
g 4 N ‘ L] /\
t,,;?"‘ 6\’) S UG R J2°4
=057, ( : e % 13,60, 86,9 :ZQL
TRl @ 3, =29v8s iy oy

-1\2:\ -
5,94 . 96, i]:

7 A+ 06900 037-02) 00,815 v
A=
Z .

v 2 ), 6427
VRN z 10,6422 (6, 6553)
O 9999+ /0.9995~ ¢i p3rt '

152, 9 =

X / . ‘
Moo = 06627 - 1528, A
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Bolted Connections

EN 1993-1-8 (2005) (English): Eurocode 3: Design of steel
structures - Part 1-8: Design of joints [Authority: The
European Union Per Regulation 305/2011, Directive 98/34/EC,
Directive 2004/18/EC]

3.4.1 Shear connections

(1)  Bolted connections loaded in shear should be designed as one of the following:

a) Category A: Bearing type

In this category bolts from class 4.6 up to and including class 10.9 should be used. No preloading and
special provisions for contact surfaces are required. The design ultimate shear load should not exceed
the design shear resistance, obtained from 3.6, nor the design bearing resistance, obtained from 3.6 and
3.7.

b) Category B: Slip-resistant at serviceability limit state

In this category preloaded bolts in accordance with 3.1.2(1) should be used. Slip should not occur at
the serviceability limit state. The design serviceability shear load should not exceed the design slip
resistance, obtained from 3.9. The design ultimate shear load should not exceed the design shear
resistance, obtained from 3.6, nor the design bearing resistance, obtained from 3.6 and 3.7.

c) Category C: Slip-resistant at ultimate limit state

In this category preloaded bolts in accordance with 3.1.2(1) should be used. Slip should not occur at
the ultimate limit state. The design ultimate shear load should not exceed the design slip resistance,
obtained from 3.9, nor the design bearing resistance, obtained from 3.6 and 3.7. In addition for a
connection in tension, the design plastic resistance of the net cross-section at bolt holes N ra. (s€€ 6.2
of EN 1993-1-1), should be checked, at the ultimate limit state.

3.4.2 Tension connections
(1) Bolted connection loaded in tension should be designed as one of the following:

a) Category D: non-preloaded

In this category bolts from class 4.6 up to and including class 10.9 should be used. No preloading is
required. This category should not be used where the connections are frequently subjected to
variations of tensile loading. However, they may be used in connections designed to resist normal
wind loads.

b) Category E: preloaded

In this category preloaded 8.8 and 10.9 bolts with controlled tightening in conformity with 1.2.7
Reference Standards: Group 7 should be used.
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Table 3.2: Categories of bolted connections

Category Criteria Remarks
Shear connections
A Fopg < F\ ra No preloading required.
bearing type Fopqg < Fy rd Bolt classes from 4.6 1o 10.9 may be used.
S cor S s o
B PressaS  Forasa Preloaded 8.8 or 10.9 bolts should be used.
o cictant af <erul " Fiuga < Fra : . : o
slip-resistant at serviceability - For slip resistance at serviceability see 3.9.
F\-.Ed < I‘b.Rd ’
C Fuga < S Rd Preloaded 8.8 or 10.9 bolts should be used.
Fyga £ Fopa For slip resistance at ultimate see 3.9.

slip-resistant at ultimate

D) Foia S Npera B2l

Npcora €€ 3.4.1(1) ¢).

Tension connections

No preloading required.

& < »
" Jrlzloaded I[::""'d p g"R" Bolt classes from 4.6 to 10.9 may be used.
L LR B Bp.l{d see Table 3.4.
E Flega < Fira Preloaded 8.8 or 10.9 bolts should be used.
preloaded Fea < By.ra B, ra see Table 3.4.

The design tensile force F, ¢4 should include any force due to prying action, see 3.11. Bolts subjected to
both shear force and tensile force should also satisfy the criteria given in Table 3.4.

Table 3.1: Nominal values of the yield strength f,;, and the ultimate tensile
strength £, for bolts

A

N

Bolt class 4.6 4.8 5.6 5.8 6.8 8.8 10.9
fro (N/mm’) 240 320 300 400 480 640 900
fun (N/mm?) 400 400 500 500 600 800 1000
Holes

o Normal 14

o Normal I TE S

+1 mm for M14
+2 mm for M 16 up M 24
+3 mm for M 27 and bigger

P

d — nominal bolt diameter

do — the hole diameter for a bolt

M14 - bolt is a Metric d = 14 mm, dp = 15 mm

https://eurocodeapplied.com/design/en1993/bolt-design-properties
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Strength properties for bolt steel according to EN 1991-1-8 Table 3.1

Bolt class

Symbol Description 46 48 56 58 6.8 88 109

fyb (MPa) Yield strength 240 320 300 400 480 640 900

fub (MPa) | Ultimate tensile strength | 400 400 500 500 600 800 1000
Design properties for metric hex bolts (Typical coarse pitch thread)

Dimensions Hole diameter dy [mm] Areas
. I\!ominal w'\ilgtth Normal Oversize Short Long (f;:;iea;::d Sat:::s
Size | diameter across | round round slotted slotted (threaded
d [mm] flats hole hole hole hole part) > part)
s [mm] AgImm?] As [mm?]

M14 14 21 15 17 18x15  35.0x15 154 115

M16 16 24 18 20 22x18  40.0x18 201 157

M18 18 27 20 22 24x20  45.0x20 254 192

M20 20 30 22 24 26%x22  50.0x22 314 245

M22 22 34 24 26 28x24  55.0x24 380 303

M24 24 36 26 30 32x26  60.0x26 452 353

M27 27, 41 30 35 37x30 67.5x30 573 459

P14 ¢
]
e s
a) Symbols for spacing of fasteners
e is  the end distance from the centre of a fastener hole to the adjacent end of any part, measured in the
direction of load transfer, see Figure 3.1;
e, is  the edge distance from the centre of a fastener hole to the adjacent edge of any part, measured at
right angles to the direction of load transfer, see Figure 3.1;

pi is  the spacing between centres of fasteners in a line in the direction of load transfer, see Figure 3.1;
p> is  the spacing measured perpendicular to the load transfer direction between adjacent lines of

fasteners, see Figure 3.1;
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Table 3.3: Minimum and maximum spacing, end and edge distances

Distances and Minimum Maximum"??
spacings, Strlehires made f el r——
see Figure 3.1 ructures made ronvl steels conforming to Structures made from
EN 10025 except steels conforming to )
EN 10025-5 steels conforming to
EN 10025-5
Steel exposed to the | Steel not exposed 1o
Steel used
weather or other the weather or other )
e s s unprotected
corrosive influences | corrosive influences
End distance ¢, 1,2d, 41+ 40 mm The Iarg_er ol
87 or 125 mm
. The larger of
3 2 + i
Edge distance e, 1.2dy 4t +40 mm 8/ or 125 mm
Spacin 294 The smaller of The smaller of The smaller of
P g/ vedo 147 or 200 mm 147 or 200 mm 141, or 175 mm
Spacing > > 244 The smaller of The smaller of The smaller of
P gp PR 14¢ or 200 mm 147 or 200 mm 144, or 175 mm

1)

Maximum values for spacings, edge and end distances are unlimited, except in the following cases:

- for compression members in order to avoid local buckling and to prevent corrosion in exposed
members (the limiting values are given in the table) and; (:Cz]

- for exposed tension members to prevent corrosion (the limiting values are given in the
table).

The local buckling resistance of the plate in compression between the fasteners should be calculated
according to EN 1993-1-1 using 0,6 p, as buckling length. Local buckling between the fasteners
need not to be checked if p,/r is smaller than 9 ¢ . The edge distance should not exceed the local
buckling requirements for an outstand element in the compression members, see EN 1993-1-1. The
end distance is not affected by this requirement.

¢ is the thickness of the thinner outer connected part.

For staggered rows of fasteners a minimum line spacing of p, = 1,2d, may be used, provided that the
minimum distance, L, between any (two fasteners is greater or equal than 2,44, see Figure 3.1b).
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https://eurocodes.jrc.ec.europa.eu/doc/2014_07_WS_Steel/presentations/06_Eurocodes_

Steel_Workshop_WALD.pdf

4 4

Resistance in shear in one shear plane [

_a, Af, -

/Mo

Fv, Rd

where the shear plane
passes through the unthreaded portion of the bolt

a,=0,6

A is the gross cross section of the bolt

£ is ultimate tensile strength for bolt

Vimz s partial safety factors for resistance of bolts

A=d2XTC/4, ’Y|v|2=1.25

Resistance in shear in one shear plane @

D\

W N\

F, g = a, Afyp X ///g//

where the shear plane
passes through the threaded portion of the bolt

N
A

- for classes 4.6,|5.6 and 8.8:
a,= 0,6

- for classes 4.8, 5.8, 6.8 and|10.9
a,=0,5 |

A is the tensile stress area of the bolt A,
f is ultimate tensile strength for bolt
Vo s partial safety factors forjfesistance of bolts

£ 03 e
“ontre
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Resistance in bearing
ki “pd t 1, <

R bRd —
me

where o is the smallest of «,, fu_b or1,0

u

In the direction of load transfer

p 1
3d, 4

- for end bolts: a4 = 3ec1l , for inner bolts a4 =
0

Perpendicular to the direction of load transfer

e
- for edge bolts k, is the smallest of 2,8 d—2—1,7 or2,5
0

P
- for inner bolts k, is the smallest of 14 d_z —170r2,5
.

Influence of distances to force
Fb . GA@ d t fu
, 7M2

Prallel to acting force

7 | 4
&

¢ ¢
¢ ¢
4 &

- RS
1
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Perpendicular to acting force

F, bRd
Y m2

¢ 4 ¢
oo 4 | —
F

& 4 &

A
bearing type

https://eurocodes.jrc.ec.europa.eu/doc/2014 07 WS Steel/presentations/06

Eurocodes Steel Workshop WALD.pdf
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Sample 1: Design a full-strength double sheared splice connection

320-20
7 oo |
de ‘ G} Q} &G ‘ Nt.Rd
Sle | & @
] Nelel ¢ o \
50| 75 |50[50| 75 |50|
N, ra - 330 = Nira
320-10
S275 f, =275 kN/em® f, = 43,0 kN/em®
M24,5.6 — d, =26 mm
S =30,0 kN/em® f.» =50,0 kN/em®
Tensile resistance of the plate: N;grd
A-F  33.20.
N = /; - 1760,0 kN
' 0
MO 4
A - 32-4-2,6)-2,0-43
N o =0,9-Lf"=0,9-( ) =1337,42 kN
’ Yo 1,25
N, zi = N, za =133747 kKN

Resistance of 1 bolt:

Shear resistance:

Lo, 065027
F . =2—1t2® " =). 421715 kN
' Y2 1,25
Bearing resistance:
ko, f,dt

Fb.Rn’ -

Yaz
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e, =50 mm
p,=75mm
e, =40 mm

p, =80 mm



ki in case 011 edge bolts

perpendicularly to the load transfer direction

282 _17=28.2 _17-126
k, = min . 26 — k=25
2.3
k; in case oflinner bolts) perpendicularly to the load transfer direction
14.-22_17-14.29 172261
k, = min . 26 —= k=25
2.5
oy in case offend bolts]parallel with the load transfer direction
& _ 50 — 0,64
3-d, 3:26
o, =min fi:ﬂ:l,m — o, =0,64
f, 43
1
o in case offinner bolts,|parallel with the load transfer direction = don’t have such a bolt!
3-d, 4
o, =min &
k4
1
k,-o,-f -d-t 25-064-43-24.
B =— % S =— i 2:4-20 =264,19 kN
' Yz 1,25
N o 133747
n_=—* - =616
. 217,15
n,=8db — 2x4 db
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Tensile resistance of joint plates

late __ joint plates
Anet” € <= Aped®™P g

Anet?® = (32 -4 %2.6) x 2.0 <= ApeOMPEes = 2 x (32 -4 x 2.6) x 1.0 = satisfies!

Sample 2: Design a full-strength double sheared splice connection

Desing the full-strength double sheared splice connection of HE 400 B tensioned bar!

S235 S, =235 kN/em® f, =36,0 kN/em®
Z
ey '\| ] b =300 mm ﬁ‘ %
| t,= 24,0 mm |
= Y. | ) h =400 mm —}r M16-5.6
Ly | t, =135 mm TL
e A=198 em? Jl
zl ‘ ’ AN
L b |
Fo, = Fﬂ_’g T +FEM W= 900-1,35+1600-1,5=3615 kN

A:=30x% 2.4 =72 cm?
Ay=A-2xA;=198—-2x72=54cm?
Feas=Ar/ Ax Feg=72 /198 x 3615 = 1314,5 kN

Fedw=Aw /A x Feg =54 /198 x 3615 = 985,9 kN

36

M30,5.6 — d, =33 mm
M16,5.6 — d, =18 mm

S =300 kN/em*  f,, =50,0 kN/em?



Tensile resistance of HE 400 B bar

A0, A-f, 198-235
Nyjpa=— = Iy _ =7 = 4653 kN
MO 1,0
N,z = min
N _()9.A"e"f~ A, f (198-4-33-2,4-4-18-135)-36
wnd =07 N, =092 2 —09. = = 44059,07 kN
M2 & YA[Z 1,25
HEB-400 M30-5.6 |
\
: 300-12 : \
77727772 . i | !
74 —~115-18 i =
295-10 spelled ¢ ¢ ¢ 7 :
1 o~
M16-5.6 MM AR
— o~ —_——
ol el lell ¢ ¢ ¢ | 1
) |
| ™
N -
— /)\ r—ﬁ/{\ll.i 18 ; lL ) ]
' ~_300-12 ' :
60, 180 60 4070, 70_!_80_!_70_!_70_44}0 ‘
' 300 ' 440 !
|- - —Iir - - 71T — e1w=40 mm, prw=70 mm, e2w=35mm, p2w=75mm
€1.minw = €2.minw=1.2xdp=1.2x18=21.6 mm
|
Prminw=2.2xdo=2.2x18=39.6 mm
w
iy I @l — > P2minw = 2.4 x do = 2.4 x 18 =43.2 mm
&
14—
[t T T __2_ = e1f=75mm, prf= 120 mm, e25=55 mm, (p2.+=0 mm)
H w|
<& | & & €1.minf= €2minf= 1.2x do = 1.2 x 33 = 39.6 mm
()
& I & oL Prming=2.2%xdo=2.2x33=72.6 mm
| < (p2.minf=2.4xdo=2.4%x33=79.2 mm)
:
|
|
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Bolted connection of the flanges:

Resistance of 1 piece of M30 bolt:

Shear resistance:

327

0,6-50-
fub'Ab ’

B = =2. 4 13393 1N
Yo 1,25

Bearing resistance:

e1f=75mm, p1s=120 mm, e25=55mm

ki in case 011 edge bolts| perpendicularly to the load transfer direction

€ _17-28.22_17-296
33

28
k, = min d,

25

— k=25

oy, in case oflend boltsparallel with the load transfer direction

< S I
3.d, 3-33
o, =min Jw 30 =1,38 — a, =0,76
f, 36
1

ky-a,-f,-d-t 25.076-36-3,0-24

F* = =393,98 kN
125
Feaf=As/ Ax Feg=72 /198 x 3615 = 1314,5 kN
For 13145
Ny gy =0 = =39 db ng=4db — 2x2 db

sz,ov 30
F®. 3393
db (darab) = peace

Tensile resistance of joint plates
Anet s <= Anet.l"ioint plates I
Anets=(30—2x3.3) x 2.4 <= AperfOMPR® = (30-2x3.3)x1.2+2x(11.5-3.3)x 1.8

Anetf=56.16 cm? < Aot 4OMtPRIES = 57 6 cm?2 = satisfies!
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Bolted connection of the web plate:

Resistance of 1 piece of M16 bolt:

Shear resistance:

0,6-50- 20 ™
a\".f;lb'Ab =2. 4 =965 kN
Y 1,25 :

I M2

16 _
E',R(l - 2 ’

Bearing resistance:

erw =40 mm, p1w=70 mm, e2w=35mm, pow=75mm

ki in case 011 edge bolts| perpendicularly to the load transfer direction

28.%2 _17-28.22_17-374
k, = min d, 18 —k =25

2.3

k1 in case oflinner bolts) perpendicularly to the load transfer direction

14.22 _17-14.72 172413

k, = min d, 18 — k

25

=25

1

oy, in case offend bolts]parallel with the load transfer direction

a9 _ N o
3.d, 3-18
o, =min L =$=1,38 — o, =0,74
fo 36
1

oy, in case offinner bolts {parallel with the load transfer direction
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pp 1 _ 70 1

=——-——=105
3-d, 4 318 4
o, =min &=$=1,38 — a, =10
f, 36
1

_kyay-f,-d-t_25-074-36-16-135

F) = =115,08 kN
b,Rd Y - 1)25
Fed,w = Aw / A x Feq = 54 / 198 x 3615 = 985,91 kN
Fo.
Ny, =—t = il 3 10,2 db n, =12db —  3x4db
> F 96,5 _
v.Rd ) db (darab) = peace

Tensile resistance of joint plates

Anet w <= Anet Wjoint plates I

Anetw =54 — 4 x 1.8 x 1.35 = 44.28 cm? <= Aper @™ P = 2 x (29,5 — 4 x 1.8) x 1.0 = 44.6 cm?

- satisfies!
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3. Determine the tension 2x 200-10 %/'
resistance of the 2 x 200-10 bar — |
(N+rd)! Design the double sheared | I

| O
N ! ! 8 e |
bolted connection to  Niprd | 2
(Nnecessary =2, Napplied =?)! Bolts: Nirg A o ‘ Ny rg
M24 8.8, steel grade S275. f, = <+ : S =™
275 N/mm2, f, = 430 N/mm? | A e e i e . {
Y i w2 |
| |
2204 %5 | |
M’ll{: 7 - ﬂ;”,/,—li‘-/ N ¢ N p700 ,1;;)540'
’ _téﬁd_lr | | . o Nirg
/\/.d_()c)(zo-?&é)'z-‘ﬂ% o : =S =
V4 < n o ahn
j 125 l-f-ill—}iv ér gz E 4l2 2.0 =Y 2wm < a)m-
74 25T Pite 21206~ SRl OO
C; —=
2 C %(/ @ 2‘1.4‘: 2,6/ 26 ;Q/M< /COM.
1,24 —— e —
v - 2,
[(/1 V\/\/nﬁzg "’\17 3/48 | Z_G‘—/,,?g\/é—e 2,6 }:@
/
»\ 50 '\ //()0 O 64 g,o/ bolts
O(lo: Mmé 20¢ (/ /0 / ‘4(‘36 A= _J “ib]
’ - (\7 ey holly

_/
—_—

Fehd‘zf Qbl - b3-2,4-2 | m
b 225 i

iy 2,840 432,452 _(;
F )’: =m
bed 28 g”""

264,24
916 4

l/\ g= =\ - — L/’ :(rT—?’

ne so——A24 = Vh=|2<2=4
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3. Determine the tension resistance of the 2 x 480-15 bar (N:rg) Design the double

sheared bolted connection 10 Nird (Nnecessary =2, Napplied =2?)! Bolts: M20 10.9, steel grade
5275. f, = 275 N/mm?, f, = 430 N/mm?.

' % . 'y v
00,2 12.20< 2640 L NV

2 x 480-15 t=30 mm ‘ ‘ '/A = |
—\ S P?Ml & ZZ:"Lrgé win L 74[/%/[

! \T =
+ + e SN ALY FAVPY sz,e«mé M/Wv
Nipa ! s —
- + + SFo S
. =5 , 0, (99\;2,,2).2-4,%} T
100 140 100 '(\/dh (j 125 ;
2thRd
- - Nitrg
- . =
[—M/ A & 06- 100 ff,—ékz7
1 25’
- iy 400 }/\/) 4@0 | 2\ l
BZ!)— M% 2.2 7@: Py 129) 4}4@
D - i gw 1) 1y 240 45 121 121, 2.5 (55

(EORY R YRR
h”w{— :_@_f;é———[’—tgl/
1, 2§

et = 73%¢ :}W — V)QPFL:§X9&\7

0 ((D e
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3. Determine the tension resistance of the 2 x 260 12 bar (Ntrd)! Design the double

sheared bolted connection to Nird (Nnecessary =2

$355, fy = 355 N/mm?, f, = 510 N/mm?.

— |
' 3
’ =+ = = !
(=]
Nt rd : ® |
- |
! @
1
l I S ’
; 3 .
L !
| |
% % % A—
2 x NiRg
T j
- i f T !

applied_=?)! Bolts: M20 10.9, steel grade

NtRrg

2'26 7:2’3?,? 2246}2 Z¢l/

0O 10 222 260 < SOu!

P/;"”: 212’22 = 9845“1 QEZ’MLA 1
P;”: 2,6.27=~ 5Pk~  Wmm |

M‘””l: 1
Voo~ 9 {26540 24257 rygqa ]
1275 =
abam. &8
Foa =0 222 5046l

L(,,:M/w{?,%g%ﬁ,’l L. 11 1384 05
)

ol

O 16

»—//221

B o s

Fw‘ 25 ()IQ()’ g/(247,2 2_

1S

e 2 0) 06:$1. - 2L

NE
(un b

D e =

126

046 W

409 4

=5 &%
307 6

—

—_—

43
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3. Determine the tension resistance of the 2 x 480-15 bar (Ntgd)! Design the double

sheared bolted connection to Ni g (Nnecessary =2, Napplied_=2)! Bolts: M24 10.9, steel grade

5275, fy = 275 N/mm?, f, = 430 N/mm?.

//_“<> s
/ 4915 i
2 x 480-15 }/} fvﬂ wl * 249 4; W Mu/
— I

\: =] A ' o Vg
-+ + S Mg gat8-328 204
Nirg ' 3 : ol
I| —+_ + g‘ | : %li 3(/’ e/
| " B

Foiad> 05428253 (197w

Fi LY S22

3734
lqpv&,: —_— %t o L/) i
Ly 128 1=V,
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Non-preloaded tensioned connection

3.4.2 Tension connections

()

Bolted connection loaded in tension should be designed as one of the following:

a) Category D:

wind loads.

non-preloaded
In this category bolts from class 4.6 up to and including class 10.9 should be used. No preloading is
required. This category should not be used where the connections are frequently subjected to
variations of tensile loading. However, they may be used in connections designed to resist normal

b) Category E: preloaded

In this category preloaded 8.8 and 10.9 bolts with controlled tightening in conformity with 1.2.7
Reference Standards: Group 7 should be used.

Table 3.2: Categories of bolted connections

Category Criteria Remarks
Shear connection
A Figa < Fy ra No preloading required.
bearing type Fopg < Fo.rd Bolt classes from 4.6 1o 10.9 may be used.
4 sers Rse
B f."'_""“: ;l::“‘“""‘" Preloaded 8.8 or 10.9 bolts should be used.
slip-resistant at serviceability wiEd = i For slip resistance at serviceability see 3.9.
Figa < Fora
C Fuga < "ORd Preloaded 8.8 or 10.9 bolts should be used.
Fugg £ Fora For slip resistance at ultimate see 3.9.

slip-resistant at ultimate

[E2Y Fixa S Noeira

Nopcora €€ 3.4.1(1) ¢).

D

non-preloaded

E
preloaded

Tension connections

No preloading required.
Bolt classes from 4.6 to 10.9 may be used.
B, rq see Table 3.4.

[~Ll'.d
fl.Ed

I:I.Rkl
Bp.Rd

IAIA

Preloaded 8.8 or 10.9 bolts should be used.
B, ra see Table 3.4.

The design tensile force F, ¢4 should include any force due to prying action, see 3.11. Bolts subjected to
both shear force and tensile force should also satisfy the criteria given in Table 3.4.
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Table 3.4: Design resistance for individual fasteners subjected to shear and/or

tension

Failure mode Bolts
Tension resistance *’ Fooim ky f A,
RA= —

7\/.’_
where k> = 0,63 for countersunk bolt,
otherwise !kg = 0,9.|
Punching shear resistance Bora = 0,6; ! vna

d, 1s the mean of the across points and across flats dimensions of the bolt head or the nut, whichever is

smaller;
b
dn=(e+s)/2
X
{
? \ )w DY dm
o —— _§ — | [—
)
[, N
S (6 tp
K ! —r

Punching strength of bolts
The punching resistance of the bolt By rq should be verified against the applied tensile load Figq in accordance with EN7993-1-8 Table 3.4:
Bprd=0.6T - dm - tp - fu/ ym2
where:
o dm is the mean of the across points and across flats dimensions of the bolt head or the nut, whichever is smaller.
o t,is the plate thickness under the bolt or nut.
o fyis the ultimate tensile strength of the steel plate.
o ym2 is the partial safety factor for the resistance of bolts in accordance with EN7993-1-8 §2.2(2) Table 2.1 and the National Annex. The recommended value in EN1993-1-8 is yy2 = 1.25.

The value of the mean diameter dn, is estimated as follows. The distance across flats s of the nut is given in the standard ISO 898-2. By approximately ignoring the corner rounding for a perfect hexagon the
relation of the distance across points s' and the distance across flats s is s' = s / cos(30°) = 1.1547-s. Therefore the mean diameter d, is approximately:

dm=(s+1.1547-5)/ 2=1.07735s

s Design properties for metric hex bolts (Typical coarse pitch thread)
m— Dimensions Hole diameter dy [mm] Areas
u
Nominal width
Size | diameter across . Nut . Gross area  Stress
d [mm] flats Nominal width | Normal Oversize Short Long (unthreaded area
s [mm] Size | diameter across | round  round slotted slotted art) (threaded
d [mm] flats hole hole hole hole p[mmZ] part)
s [mm] Ag As[mm?]
M14 14 21 e = 5 g . . 5 = S
M16 16 24 M14 14 21 15 17 18x15 35.0x15 154 s
M18 18 27 M16 16 24 18 20 22x18  40.0x18 201 157
M20 20 30 M18 18 217 20 22 24x20  45.0x20 254 192
M22 22 34 M20 20 30 22 24 26x22  50.0x22 314 245
M24 24 36 M22 22 34 24 26 28x24  55.0x24 380 303
Mm27 27 41 M24 24 36 26 30 32x26  60.0x26 452 353
M30 30 46 M27 27 41 30 35 37x30  67.5x30 573 459
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Sample — tensioned bolted connection = full-strength connection

Denominacion Dimensiones Dimensiones de construccion Superficie
Designation Dimensions Dimensions for detailing Surface
Designazione Dimensioni Dimensioni di costruzione Superficie

G h b L t r A h; d o Pmin Pmax A Ag
kg/m| mm mm mm mm mm mm? mm mm mm mm m?/m m2/t
| I [ %100 | |

|HE2008 61,3| 200 200 9 15 18 | 181 | 170 134 M27 100 100 I 1,151 18,78|

HE 200 B bar, S235 - f, = 23.5 kN/cm?, f, = 36 kN/cm?
Anezoos = 78.1 cm? = Npirda = 78.1 x 23.5 /1.0 =1835.35 kN

4 xM165.6 2 d =16 mm, dg =18 mm, fu, = 50 kN/cm?

As=1,57 cm?, dmn=1.07735xs=1.07735 % 2,4 =2,59 cm

t, =15 mm
Tension resistance of 1 bolt:

tension resistance:
kl ./ub ‘4.\‘
7 ar2

Fira= =0.9%x50x1,57/1.25 =56.52 kN

punching shear resistance:
BP.R(‘ = 096 T ({n] ,P/;l / :'NI‘_)

Bpra=0.6xmx2.59%x15%x36/1.25=210.9 kN

Tension resistance of the connection:
FtRrd.conn = 4 % 56.52 = 226.08 kN < Npjrg = 78.1 x 23.5 /1.0 = 1 835.35 kN > will fail!

4xM228.8=>d=22mm, do=24 mm, f,, = 80 kN/cm?
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A, =3,03cm?,dy,=1.07735xs=1.07735x3,4=3,43 cm

t, =15 mm
A’W ‘ ‘4
Fira= '—fL; =0.9x80x3,43/1.25=197.6 kN
Y ar2
Bora = 0,6 wdy t, 10/ Y2

Bora=0.6 xmx3,43x1,5%x36/1.25=297.9 kN
FiRrd.conn =4 x 197.6 =790.4 kN < Nyjpg=78.1x23.5/1.0=1835.35 kN > will fail!
Necessary number of bolts:

alternate sample:

HE 100 A bar, S235 - f, = 23.5 kN/cm?, f, = 35 kN/cm?
T -1 Aner00a = 21.2 cm? 2 Npjra =21.2 x 23.5 /1.0 = 498.2 kN

4 x M22 8.8 = Fird.comn =4 % 197.6 =790.4 kN - satisfies!

4 x M20 10.9 bolts, A;=1,92 cm?, dy = 1.07735 x s =1.07735x 3 =3,02 cm

Fipg= ky fs A - 09x100x 1,92 /1.25 = 138.2 kN
Y a2

Bora = 0,6 wdy t, 10/ Y2

Bpra = 0.6 x T x3,02x1,5%x36/1.25=245.9 kN

FtRrd.conn = 4 % 138.2 =552.8 KN > Nyjrg = 21.2 x 23.5 / 1.0 = 498.2 kN > satisfies!
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451 Length of welds

(1) [ADThe effective length of a fillet weld /4 should be taken as the length over which the fillet is
full-size. This maybe taken as the overall length of the weld reduced by twice the effective throat
thickness a. Provided that the weld is full size throughout its length including starts and terminations,
no reduction in effective length need be made for either the start or the termination of the weld.

(2) A fllet weld with an effective length less than 30 mm or less than 6 times its throat thickness,
whichever is larger, should not be designed to carry load.
4.5.2 Effective throat thickness
(1)  The effective throat thickness, a, of a fillet weld should be taken as the height of the largest triangle

(with equal or unequal legs) that can be inscribed within the fusion faces and the weld surface,
measured perpendicular to the outer side of this triangle, see Figure 4.3.

(2)  The effective throat thickness of a fillet weld should not be less than 3 mm.
(3)  In determining the design resistance of a deep penetration fillet weld, account may be taken of its

additional throat thickness, see Figure 4.4, provided that preliminary tests show that the required
penetration can consistently be achieved.

A
A
e =
‘ N -
b -
1

R / o ¥ 37 :
: ! ' I A - j

Figure 4.3: Throat thickness of a fillet weld

4.53.3 Simplified method for design resistance of fillet weld

Fora < Fyrag

where:
Fygq 18 the design value of the weld force per unit length;

Fyra 18 the design weld resistance per unit length,

Fw.ed = R/ liot [ kN /cm ]
where

R —is resultant of the external forces [ kN ]
lyot — is the total lengths of welds in the investigated connection [ cm ]
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Jvwd T

f\\,l(d :,f\'\\ a4a

where:

[KN/cm]

is the design shear strength of the weld.

ARE
ﬂny;\IZ

[ kN /cm?]

is  the nominal ultimate tensile strength of the weaker part joined

is  the appropriate correlation factor taken from Table 4.1.

Table 4.1: Correlation factor p,, for fillet welds

Standard and steel grade

Correlation factor f,,

EN 10025 EN 10210 EN 10219
[5235] |
IR S235H S235H 0,8
[S2751] S— S275H
S 275 N/NL & s KR S 275 NH/NLH 0,85
S 275 M/ML S 275 MH/MLH
[5355]
S 355 N/NL S 355 H . J;ﬁ;‘?\lm 0.9
S 355 M/ML S 355 NH/NLH ‘ . ’
¢ et us S 355 MH/MLH
S 420 N/NL ,
S ADT MIML. S 420 MH/MLH 1,0
S 460 N/NL
S 460 M/ML S 460 NH/NLH 5 460 NH/NLH 1,0

S 460 Q/QL/QLI

S 460 MH/MLH




4.5.3.2 Directional method
ol +3 (2 + )] < i/ Byymz) and oL < 094/ yuo
where:

/. 1s  the nominal ultimate tensile strength of the weaker part joined;

B is  the appropriate correlation factor taken from Table 4.1.

Jo? +3([@ + 1)< —Bf;m

i A.=4a 'E»w

W

o, <09
YM2

gL 1s the normal stress perpendicular to the throat
tL is the shear stress (in the plane of the throat) perpendicular to the axis of the weld

| is the shear stress (in the plane of the throat) parallel to the axis of the weld.
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Sample 1:

5235 5 =233 kN/cm?

t=10 mm
F,, =150 kN

Simplified method:

f, =360 kN/cm* B, =08

36

tf;-u',(l =
Er,R(l =i fm'.d ta=
F
Er,E{/ = 2.5(;
EI Ed — EI Rd
i <10,39
20
@ <10,39
25 ¢
150
~ 21039

(>72lecm —

Directional method:

\/E'B“- Y2

V308125

= 20,78 kN/cm*

20,78-0,5=10,39 kN/cm

4

~ alk

; A4
|

|

| (

| PEN
l

=8 cm

/F




A =a-(=05-¢

Fpod2 115042 1

£

Bw - YM2

15042 ZH 150-42 ) 36

1002 110-¢-2) 08125
2.150-«/596

10-0-2

(2589 cm — (_, =6cm

£

YM2

\/Gi +3(‘Ei + 1121) <

6, <

150-v2 _ 36 _
10-£-2 125

¢ >3,68cm

)

53

2 24 2 205¢
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Sample 2:
S235 f, =235 kN/em* f, =36,0 kN/em® B,=08

|
| ( ,=100 mm

| NG = 5 mm

| Tn
H+HHH4/
F | ) FE({ = 260 kN

| FEd / 2 | ‘;\
I
|

150

| FEd/Z E
[T - -

Simplified method:

I 36 ,
Sond = - = =20,78 kN/cm~
! ﬁ'B\I' ‘Yz\lz '\/5‘0,8'1,25

F i = foaa=2078-05=1039 kN/cm
Fpy =F, ;- 20=1039-2.10 =207,8 kN

Feqg = 260 kN > Frg = 207,8 kN = welded connection FAILS!

Directional method:

F,, 260
‘rH = / =
2:-0-a 2-10-05

= 26,0 kN/em?*: c, =1, =0

f

w - YM2

\/Gi +3(ri +rf1) <

V3.1, =+/3:26,0 = 45,0 kNlem* > M - 36 kNfem?
Bw - vz
- welded connection FAILS!

54



Sample 3:

S$235 [, =235kNem*  f, =360kNem* B, =08
|
| (,=100/mm
| B . " | a=5mm
| . I
E, | il s  F,, =260 kN
FEdcross - |
%' éz | ¢;,=150 mm :%
| T |
| CRTRE |
|
|
|
|
Simplified method:
3 )
Sowd = / 0 =20,78 kN/cm~

\/g'Bw Y2 ) ‘/5'0’8'1’25
F, i = fiaa=2078-05=1039 kN/cm
Fo,=F, . -20=1039-(2-10 +15)= 363,65 kN

Feq = 260 kN < Frq = 363.65 kN = welded connection is satisfying!

Directional method:

side fillet welds:

2 2 2 ﬁ’
\/GL +3(H +rH)£

Bw - Y2
Cross
/. L,

w12

Ed

‘/g'TII S

@ * Vs

P

<—2  =20,78 kN/em ?
B“- Vo2 ﬁ

Flpi=,%u +a-20=2078-0,5-(10+10)=207,8 kN

Fside,, ra = 207.8 kN

Feq“°* =260 kN —207.8 kN = 52.2 kN
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F, J2_ 522 42

G, =1, = = =492 kN/em®; ;=0
-7 Za-l 2 05152
6. +3-1) < Je
Bw M2
> > ) 36 >
\/4,92' +3-492° =9.84 kN/em~ < O— = 36,0 kN/cm~

- cross fillet weld is satisfying!

<
YM2

3 .
492 < 36 =28.8 kN/cm~
1,25

)

G,

-> cross fillet weld is satisfying!

Sample 4:

160

(=320 mm

160

a=4 mm

S$235 f,=235kNem®  f, =360 kN/em® B, =08
Simplified method:

_ ) 36
\/‘?'Bw'yfu: \/50,81,25

a ¢_04 L
\/g'B‘.-'YMz , \/§'0’8'1’25

b - =20,78 kN/cm*

F o= =8314 kN/cm =83 1,4 kN/m
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143

N, =8 =S,z cos45 =288 5" 186,9 kN
3
v =S, -sin 45 =25 1011 kN
| V2
N : 2
(L i Bkl IS V1869° +10L1° _ 332,0 kN/m < F, ., =831,4 kN/m
' 2.¢ 2:032 ’

- welded connection is satisfying!

Directional method:

sin 45° = cos 45° = 1/ (2)°5 = (2)°5/ 2

320

A, =2-0,4-32=256 cm®

N 5
T, =06, = . - 1869 _ 5,16 kN/em~
N2-4, 2256
V ;
Ty=—"= 8L =395 kN/em”
A, 256
7, 9 2 fu
o, +3lt]| +15) =
\/ * ( - H) B - yar2

36

V516 +3-(516* +395% ) = 12,38 kN/em® < 5 =36 kN/em®

) b

6, =516 kN/em* < fo_ 28,8 kN/em?®
Va2

-> welded connection is satisfying!
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a) Chord face failure (plastic failure of the chord face) or chord plastification (plastic failure of
the chord cross-section);

b) Chord side wall failure (or chord web failure) by yielding, crushing or instability (crippling
or buckling of the chord side wall or chord web) under the compression brace member;

c) Chord shear failure;

d) Punching shear failure of a hollow section chord wall (crack initiation leading to rupture of the
brace members from the chord member);

e) Brace failure with reduced effective width (cracking in the welds or in the brace members);

)] Local buckling failure of a brace member or of a hollow section chord member at the joint
location.
Mode Axial loading Bending moment
a
b
i
— i . ’
- e A
= | T
o - s = g
— I E—
C
d
S
f

Figure 7.3: Failure modes for joints between RHS brace members and RHS chord
members
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Mode Axial loading Bending moment

Figure 7.4: Failure modes for joints between CHS or RHS brace members and |
or H section chord members
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Design the resistance of a welded K-joint
RHS brace bars (truss bars) and hot rolled I-section chord

Table 7.20: Range of validity for welded joints between CHS or RHS brace
members and | or H section chord members

Joint parameter [ i =1 or 2, j = overlapped brace ]
Type of bi/t; and h;/ 1./
o hi/t; and hy/t; or di/t; I
Joint dult, AR | bolt; bi/b,
Compression Tension ‘
Class 1 AC?CI Lor?
lass 1 or >
h 20,5
X and Ji<3s but -
ﬂnd l, - S 2\0
dy <400 mm
h .
—<35 b,
1 —= 55 AC,
- L Class | or 2
2 ACy
Class 1 or 2 _b;< 35 d 1,0 = -
6" =L<50
and l;
< i< -
K overlap dy, <400 mm > S 50 >0.5 >0.75
' but 25% < Aoy
N overlap <2,0 < Aoviim! ' (AC2]

Table 7.21: Design resistances of welded joints between RHS or CHS brace
members and | or H section chords

Type of joint

Design resistance [ i = 1 or 2, j = overlapped brace |

K and N gap joints

[i=1or2] [A¢2) Chord web yielding (AC2]

\ . ;L) ty
b)
by N1
14 9 g

Brace failure

Nira=2ft;Pey 1 ¥ 15

Brace failure need not be
checked if:

gty <20-28p4, < 1,0—0,03y
where y = by/2t

and for CHS:

0,75<d,/ d»<1,33

or for RHS:
0,75<b,/b,<133

Chord shear

f_‘\‘()A\'
V3 sin o,

Nira =

ly

MS

o [ Nord =[(A0 —d, )f,~r; + 4, f,n\/l - (VL/ /V,n_/e./) }7,\/5

"
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Av=Ay— Q=) byt + (+20) 11 B<Dper=1,+2r +71,f 0 /f,

but for T, Y, X joints and K
and N gap joints: b ‘
K \/ ! Perr < bi+ =21, = siné. +5(” +’)

For RHS brace: o=

2 1o 2 but for K and N overlap
(1+4g /(-”r).) joinls:l)cffib.l l but

‘
b _ 10 -/_\/I/ h b, < 2!; + 10 (If+ )‘)
For CHS brace: a=0 T ft N
J it

but be o < b,

Sample
The welded K joint on the figure is at the bottom chord of a steel truss. The chord bar is an
HE 120 AA hot-rolled I-section, truss bars are 80x80x4 sections, the directions are 45°.

a) Determine the resistance of the K-joint!

b) Let’s check the a =4 mm fillet welds between the truss and chord bars!

Steel grade: S275, f, = 27,5 kN/cm?, f, = 43,0 kN/cm?, B, = 0,85

~
\“/
< N
RN
P N
, N
N

*\\\“\\\sz_Ed=13o kN

\
\ N
\ N
\ N
\
\
.

Ly
K
Sora= 216,15 kN St gq= 400 kN

chord: HE 120 AA compressed truss 80x80x4 | tensioned truss 80x80x4
bo=120 mm tr=55mm | b;=80mm b; =80 mm
ho =109 mm tw=4,2mm | hy =80 mm h; =80 mm
r=12mm t1=4 mm ti =4 mm
Ao=69cm? Ay=18,6cm?

gap: g=20mm
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a) Resistance of the welded K-joint in case of I-sectioned chord bar

Range verification:

- chord bar
1. d,=h,-2t,-2r=109-2-55-2-12=74 mm <400 mm

2. classlor2
e, =h,—2r—2t, =109-2.12-2-55="74 mm

w z—i =17,62 <33-£€=33-092 =30,36

1

w

The web plateis class 1 Ok

- compressed truss bar

b

3 —‘=%=20,0S35 — Ok
,1

4. h—‘=%z20,0£35 — Ok
rl

= 4 50 1,0 —t Ok

b 80

1
7. class1or2
c,=h—-2-r-2-1=80-2-8-2-4=56 mm

€7 =30 _140<33-6=33.092=3036
4
The baris class 1 — Ok

- tensioned truss bar

8. bi:%=20,0£35 — Ok

fZ
i, 804 - Ok
b, 80
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Chord web yielding

ol ,b‘, s .183 \\\\ ///’//
N, = fo b _ 27,5.0,42 1830 _ 10809 kv N
SIRE. + Vs sin45-1,0 1 N7 —L
where: i 1
WO\ /// y
b, = min .h" +5(rf +r); 21, +10(rf +z~)} N/ //
sin 6, vz
N —
b, = min[200,64; 183,0]=183,0 mm |
Brace failure
Nira =2ftiPy / Vaus =2-27,5-0,4-6,67/10 =146,74kN
where: \
N\ Pl gy
D= min[r“_ $ 2 F Wl ally b wl— 2r,.] \Q \\ ,/./j’
Py = min[66,7,152] = 66,7mm i [, N —

Chord shear

1. criterion of truss bars

i,Rd

f\'OAr

21.5-852

V3 sin 0. Vs

\/§sin 45.1,0

=191,30 kN

where:

o= S L _ 0,238
1+4g% /32 \1+4-20°/3.55°

A =4, —(2-a) by, +(t, +2r) 1,

A, =18,6-(2-0,238)-12,0-0,55 +(0,42 +2-1,2)-0,55 = 8,52 cm*
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2. criterion of chord bar

B (Ao -4, )frO + Arfyo \/1 S (VEd / Vp/,Rd ):
Y ums

0,Rd ~
where:
V., : vertical component of the truss bar force
Vea =S, gs 851045 =130-5in45=9192 kN

A\'O‘ ‘f‘-o 6 s 9. 27,5

Vo = = = 109,55 kN
plL,Rd ‘/g ] ’YMO \/g ] 1’0
substituting:
(18,6 —8,52)-27,5+8,52- 27,5\/ 1-(91,92/109,55)°
Nors = i = 404,67 kN

N, o =min [29892 kN; 14674 kN; 19130 kN|

N, =14674 kN> S, ,, =130kN - truss bar is satisfying

LEd

Nons = 404,67 kN > S,,, =400kN  — chord bar is satisfying

b) Let’s check the a =4 mm fillet welds between the truss and chord bars!

We apply full-strength connection, therefore the fillet weld must resist against the tension
resistance of the truss bar.
We apply the simplified method.

£ 43 R
Jowa = — = = 23,37 kN/em*
! B Va2 ﬁ 0,85-1,25- ﬁ
F oz =Joa a=04-2337=935kN/cm
A-f )
Nipg =Nyppg =— v 11,74-27,5 33285 kN

I MO
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sina=h/h,
h,= h /sin a

K =2-(b, +3/f2 )=2-(80+80-+/2) =3863 mm \T

= V1 NN

N
8 = o =836 kN/cm

K 38,63

N
F, i =935 kN/em > —2L =836 kN/em
K - the fillet weld is satisfying
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