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Deductions for fastener holes

General

For member design, the deductions for holes should be made according to EC3-1-1.
For a symmetrically connected member in tension, N; rq , is given by

Afy Anet-fu} | oy Juy oy

Nirq = min {Npl,Rd =—=; Nyra =09 Vea
YMo VM2 g - - - R
| I [CE G R C S
Block tearing resistance i ]
Failure along (i) the shear face(s) and :
(ii) the tension face of the hole group Anc=t- I Anv =t (b + L2+ Iv3)
e For a symmetric bolt group subject to concentric loading,
f fy /N3
Veff,Rd =10 Ant - + Anv 2
YMm2 YMo
. V3
e otherwise Verra = 0,5 Ay - Ju + A, -fy/
YMm2 YMo

where A,; and A,, are the net areas subject to tension and shear, respectively.
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Angles in tension bolted in one leg
A single angle in tension connected by a single row of bolts in one leg may be verified assuming that

it is concentrically loaded and taking N, rq given by:

e with 1 bolt Nu,Rd = (2@2 — do) 0 {5 0 ﬁl/yMZ
e with 2 or more bolts Nyrd = B+ Anet * fu/Ym2 (B in Table below)
p1/do <25 2,5a5,0 77#727757,97777 Detail of connection
c <
2 bolts g =04 -% - Tao er] >
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Example 3 > L N .
\_ /. \_\ ./'
Ngg = 538 kN /\ /\
2 angles L 90 x 8 and gusset plate t, = 12mm N Nea=538 kN Nga=538kN /.
_ steel $355; 3 bolts M20 (grade 8.8) \ . . /

dy =22mm - Ay = (1390 — 22 X 8) = 1214 mm?
With  |p; = 80 mm
pl/dO = 3,64 el B = 0,59

e Verification of the block tearing resistance
Ay = 8,0 X (40 — 22/2) = 232 mm?
Ay = 8,0 X [(2 X 80 + 55) — 2,5 X 22] = 1280 mm?

0,470 0,355/V3
oo +1280 % ——

o
Veff,Rd = 2 X 306 = 612 kN = NEd = 538 kN v

Veft Rd,angle = 0,5 X 232 X = 306,0 kN/angle

e Tension resistance of the 2 angles L. 90 X 8, back-to-back bolted on one edge

2% 139 x 35,5 2x12,14 x 47

Nyrq = min {Npl,Rd = - = 987; Nypq = 0,59 X T = 540} = 540 kN > Ngy = 538kN v/
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|II

* Verification of “global” (gusset) cross-sectional resistances (t; = 12mm)
Section 1-1’

Ngg = Mgg =0
Veq = 2 X 538 X cos(42°) = 800 kN

v 0,355/\/3
> 1,0
=1230kN > Vg =800kN v

I,Rd = (500 X 12) X

Section 2-2’ (simplified procedure, without considering any contribution of the top chord and
neglecting the eccentricity of the force transmitted by the diagonal)

400 x 103
Ngq = 538 x cos(42°) = 400 kN =
Ed cos(42°) Ot = Se05 17 133,3 MPa
360 x 103
Veq = 538 x sen(42°) = 360 kN e
Ed sen(42°) T = Seo w1z = 1200 MPa

von Mises criterium OCEd = /ahgd + 314, = 247 MPa ~ 70% yf—y\/
MO
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» Verification of “local” effective (gusset) cross-sectional resistances

(Whitmore model)
begr = p2 + 2 (ny, — 1) - py - tan(30°) =

=0+2x(3—1) %80 x tan(30°) = 184,8 mm
A = by - ty = 184,8 X 12 = 2217 mm?

Anet = (ber — do) " tg = (184,8 — 22) x 12 = 1953 mm?

A o
Npl,Rd = —f;, = 787 kN
YMmo
Nerq = min = 661kN > Ngg =538kN v
A o
Nyra = 0,9 Anet o _ 61 o
Ym2

e Design of the welds that connect the gusset plate to the beam, with a length of 2x 500 mm long,

0,470 /3 800

= X X %) = o > — > =]
Fygqa = 2 X 538 X cos(42°) = 800 kN 0.90 X 1.25 (2a) = 500—> a > 33mm - a=4mm
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/ /
D* | :+ or | 4 —
ot || | Mg, || || rs Mg,
DA !FtSd :$ q 4 Dr !FtSd ¥l r e
D‘X_V: | h DA | bl Vsd T bRe
S | Vsq — R 2 Vg,
| tod % | t5d %
1 bolt for ¥: 4 bolts for M ﬂj F
- | 1 Fisq 1 bolt for V: 2 bolts for V and M
D ]
34— 1
D 1 M
D_X_ | I VSCI Z l ) 54
. 't 3
— | s V4
iFtSd =

3 bolts for V: 2 bohts for M

v’ Possible distributions of bolt forces for a beam-column semi-rigid connection
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Example 4
Veq = 350kN ; Mgq = 12,75kN m
Profiles and gusset plate — steel S355

e Design of the bolts
Pre-design: 4 M20 cl.8.8 = Fpq = 350 kN < 4 X 94,1 = 376,4 kN
Using a compact detailing e; = 40 mm; e, = 30 mm; p; = (350-80)/3=90 mm > p; min=57 mm
Assuming an elastic distribution with all bolts working in shear and bending:

Veda = Vaga X2+ Vggq X2 = Vygq = 87,50 KN; Vggq = 87,50 KN

Mgg = Hppg X 0,27 + Hggg X 0,09 = Hppg = 42,50kN; Hgpg = 14,17 kN
Thus

Fopa = 97,28KkN > Fypg = 94,10kN X ; Vgpg = 88,64 kN < Fypq = 94,10kN v
Assuming a plastic distribution with the central bolts only working under shear:

Veda = Vaga X2+941X2 > Vygqg = 80,90KkN; Vgpqg = 94,10 KN

Mgg = Hypq X 0,27 > Hygq = 47,20 kN; Hggq = 0 kN
Thus

|
!
|
Bolts M20 cl.8.8)

350 c—-—-— 1=

IPE450

One plate t,=?

Steel S 355

|
|
!
Bolts M20 cl.8.8

4350 - —-—- .-

IPE450

One plate t,=?

IPE450

FA,Ed = 93,70 kN < FV,Rd = 94’,10 kN v N VB,Ed = 94’,10 kN < FV,Rd = 94’,10 kN v
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Example 4

Veqg = 350KN ; Mgq = 12,75 kN m
(Profiles and gusset plates — steel S355)

i
e Design of the connection plate = M20cl8.8 |
Pre-design of the thickness: p1=90| do=22mm |
Aymppaso =450x 9,4 =350-t, - t,=12mm !
. pr=op| 350 ~ T
Bloc failure verification: !
— 05 x (30 _ 22 0,470 |
Veff’Rd =0,5X% (3 = 7) tp m + |
0,355/V/3 !
(40 +3%x90—3,5x22) ¢, — = 616 kN > Vg gq = 350 kN v/ PE4S0 |
Verification of the vertical section between holes:
One plate t,=?
v =(2%x40+3%x90—4x22)-t 0'355/\/3_—6444kN>V = 350 kN
eff Rd = P 0 ) = VBEd = Steel S 355
Verification of the bearing plate:
t
Vora = [4 X 96,5 1—‘6 =4632KkN > Vgpq = 350kN v/
@ it Design of structures 2020/2021




