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Lecture 16-13
- Flexural Members

-I- Laterally Restrained Beams
lI- Laterally Unrestrained Beams

Beam-Column Members

Beam-Column Members (problems))

DESIGN OF CONNECTIONS (1)
. DESIGN OF CONNECTIONS (2)

- Worked examples (2)
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Review
Block tearing

Failure in shear at the row of bolts
along the shear face of the hole group
accompanied by
Tensile rupture
along the line of bolt holes
on the tension face of the bolt group

T

TR A mEE
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The design block tearing resistance tsols

PASAR TR T

Design model

Symmetric bolt group subject to concentric loading

Il""'.EI"F,LFEI:!=qu Ant/:]/hﬂ2+(1/xf3]fy"qnvf}’hﬂﬂ

A . net area subjected to tension

A_, net area subjected to shear

Eccentric loading

Vetford = 0,5 fuAn/ Y2 * (1/"33]}; A/ Mo
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Influence of distances to force
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Prallel to acting force
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Influence of distances N
el N B
-I--"
Py F
€
Nomimal transversal distances: —
e,=12d, 288 _17 2812% 47 1661
pl = 2.!2 LF"‘IIIZI dﬂ d':'
e,=1,2d, k =min 1;4%-1;? —mn - 1;4¥—1;? —min 166" =166
p, =2,4d, : °
25 25 25|

e 12d |
End bolts , _ =2 = 0,400 Fo kja,dtf, 166-0,400dtf, =ﬂ’ﬁﬁ4dtfu
? ¢ J r?ﬂ.-E -}HhE' f-"rM.?
’ I ¥ 1
P 925-22% 455_0483pm e e e
ﬂl‘h Bdﬂ 2 Sdﬂ 2 E w
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€, Pr % “-‘1“_0‘—_’]‘-'
Sum W W )
e,=12d,
el e 2,=304d,
p;_-e T e,= 1.5 d,
e p,=3.04,
Sum of resistances

dt f, dt f, dt f,
Fb,Hd :2'1,8?5 +2'1,00 — 5,?5
. . VM2 VM2 VM2
Minimal resistance
dt dt
Fora =4°1,0 Jy =4,0 Jo
/M2 7' m2
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Pitch distances
Min
p; =2,2d,
p>=2,4d,
optimum e; from 1,2 d, to 1,45 d,
e,=1,2d
2 0 Fbﬂd:k, a dtf, :3’;,66-f‘.'l,41‘3’\'3’t:1'i‘fu :0,802dtf”
Y mz Y m2 ! m2
Large
p, =3,754d,
P> = 310 dﬂ
e, = 3,0d,
e, =1,5d, Fbﬂd:kfabdffu:2,5-1,Odffu:2?5dtfu
V2 V2 Y 2
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Solved Example: Bolted Connections soos

Bolted connection of double angle bar

Design the bolted connection of the tension member from
double angle of L 80 x 6, steel S235.The element is loaded by

tensile force, N4 = 400 kN and is connected to a gusset plate
of 8mm

\ : NEed
92;;2;%{-@‘4@»% ol \T -
| 2x L80 x 6 6 lLU6

laol 70 | 70 | 70 | 70 Jag) 8

e P4
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Solved Example: Bolted Connections E
45| \ R _NEd
o T % % + )
\Nex 80 %6 (o]
0.70 | 70 | 70 | 70 |AQ] L8
= Py

Bolts M20 class 5.6 fully treated
Loading N, = 400 kN

Angle net section

_09A,, f, 09.2.(935-22.6)-360

N, g = =416,3kN > N_, =400 kN
‘ ¥ M2 1,25 _
- Satisfactory
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Solved Example: Bolted Connections ool

6)liadl

o~

Ned

e, :Sﬁaf}

Y —
o B B D j
L
f,,--'“' \ExLEﬂxﬁ 6 G
1 T
AOL 70 L 70 L 70 L 70 D-.l' 8
=5 Py -

Bolts in shear

Two shear planes
Shear in bolt thread

o, A
Resistance for one bolt  Fzy=2—— Juo _ 2

0,6-245-500
Yo 1,25

v

=117,6 kN
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Solved Example: Bolted connection of double angle bar fal 4

For preloaded bolts, only bolt assemblies of classes 8.8 and 10.9
may be used. Bolt areas for common sizes of structural bolts are
given in Table 3.1 below, where A is the gross section area of the
bolt and As is the tensile stress area (threaded portion) of the bolt.

Table 3.1 Bolt areas in accordance with EN ISO 898 (CEN, 2013)

d (mm) 10| 12 | 14 | 16 | 18 | 20 | 22 | 24 | 27 | 30 36

A (mm°) 78 | 113 | 154 | 201 | 254 | 314 | 380 [ 452 [ 573 | 707 | 1018

A (mm?) o8 | 84 | 115|157 1192|245 303 | 353 | 459 | 561 | 817

The clearance = 1lmm for M12 and M 14 bolts

= 2 mum for bolts < 24 mm diameter

= 3 mun for bolts = 24 mm diameter.
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Solved Example: Bolted Connections

doola
ool
’L% Neg
e, Gos {%{}{}{}@ j
\2x L80 % 6
20,70 | 70 | 70 | 70(l40 8
€y Py
Bearing of end bolt
K4 —n‘lln 28——1? 25|—m|r| 28 - ﬁ—ﬁ" 25 —m|r(275 25) — k;=25
d, 22
-i“ 40 | 0,608|
3 dg 322
Ol = M T“—b =mirt @ s=mimn 1389 > =0606
T, 360
10 10 10

kyawdtf, 25-0606-20-8-360
we 125

Ford = =873 kN
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Solved Example: Bolted Connections E
\ e
. & & {}@{} | g
d \2x L8O x 6 6
A0, 70 | 70 ?Dﬂ 8
€y P4

Bearing of internal bolt

k, =min 28%—1,?; 25 = mir| ZB-%—’L?; 25|=min27525) — k,=25
0 ] )
P 1) 70 1 0811
3d, 4 322 4 .
| |
oy, = Mmin, f”—b =min @ -=min 1389 =0811
3 360 1|
10 10 | 10 |
Fora = 25.[},5*|::.225ﬂ.a.36ﬂ=93?4 KN
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Solved Example: Bolted Connections a%

6jlioJi

Bolted connection of double angle bar

Check of bolts
Shear resistance 117,6 kN
Bearing resistance — end bolt 87,3 kN
Bearing resistance — internal bolt 93,4 kN

Shear is not guiding the resistance, e.g. bearing as sum
For connection with five bolts

87,3+3-94,3+87,3=457,5kN = 400kN=N_, Satisfactory

Conservatively elastic (minimal) resistance
Lower resistance from bearings

5-87,3=436,5kN = 400kN=N_, Unsatisfactory
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CHECK 9

Connection - End plate in shear

Critical sections

N

.,
l, TOWS N h
of bolts i
_Le1
-t
P
Va¥ ¥ e
2 z

\

Block shear - check Eailure_ b
tearing out of shade

portio

Shear resistance of the end plate connected to the supporting beam or column

For shear:

Basic requirement:

Vea £ Vramin

Veamin 15 the shear resistance of the end plate
= smaller of the gross section shear resistance
Vra g, Net section shear resistance, Vrq, and
block tearing resistance, Viap

End plate in shear: gross section

2hety  fyp

127 ‘JE?MD

The coefficient 1.27 takes into account the reduction in
shear resistance due to the presence of bending'™.

Viag =

End plate in shear: net section
flu.p

'JE.VMZ
End plate in shear: block tearing

fooAy  FyoAm
Vian = 2(_.:: Mo ]
o Pz JE,VMD J

But if h, < 1.36p; and n, > 1 then:

05f, A, Ff. A ]
- up o ¥.p ooy
Ve = 2| 25Tas A e

Vign = 24,0

&y
— _ p—
&
Ve ¥ MW
2 Zz
where:
Aunet =t {ho —mydy ]
dg
A = t,|e;,——
" ‘*[ ‘o2 J
Aw = tylhy, —e;—(ny-05)dq )
dp is the diameter of the holes
ty is the thickness of the end plate
h, is the height of the end plate
[+ 2 is the gauge (cross centres)
4 is the number of bolt rows
iz is the partial factor for the ultimate

tension resistance of cross sections

(mz = 1.1 as given in the National
Annex to BS EN 1993-1-1)

Va

6)liall
€, P %
e,=12d,
p;=3.04d,
o — e,=15 do
F p,=3.0d,
"q'.r.ne’l - f|:| fhp - ||"||-|dr_'| }
[ d
Am = fF‘ =] _?ﬂ]
A = t,(h, -, ~(n,-05)d, |
dy is the diameter of the holes
L is the thickness of the end plate
hy is the height of the end plate
P is the gauge (cross centres)
my is the number of bolt rows
iz is the partial factor for the ultimate

tension resistance of cross sections
(72 = 1.1 as given in the National
Annex to BS EN 1993-1-1)
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Solved problem -

L
A TUB 610 x 229 x 125 1s used as a tension member and 1s connected to two 10 mimm

susset plates as shown below. S355 steel 1s used for tension member and the gusset

plate. The member has been designed to resist a tension factored load N, 4= 4000 KN.

Use full thread bolts M20 8.8 bolts in four lines. two in each flange as shown below.

Design the tension member and the bearing type connection.

I_FQ /A W

e
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Solved problem [Z

o)Ll

Solution:
- Design Loads = 4000 KN.
- Section Properties, A = 159 cm? ,tp = 19.6 mm,b = 229 mm
- Bolt data, M20, class 8.8, d, =20+ 2 =22 mm
fyp = 640 N/mm? ,f,, = 800 N/mm?*, A =314 mm? A, = 245 mm?*
- Material Properties, f, = 345N /mm? ,f, = 490 N/mm?

1. Design of tension member

2
Lra = = BEPA0UGHS 1073 = 5485.5 KN > 4000 KN

VMo 1.0

- Np

Aper = 159 X 10% — 4 X (22 X 19.6) = 14175.2 mm*

- Nygg = Anetfu _ 22CA72A% 1073 = 5001 KN > 4000 KN.

So, the member is satisfactory.
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Solved problem [Z

3. Shear Resistance design of M20 bolts.
_ apfupA _ 0.6+800%245
- Fopa = = = = 94,08 KN
. N 4000 , ,
- No. of bolts =—£2 = = 42.51 bolts use 44 bolts in four lines
Feq  94.08
4. Assume bolts layout for 44 bolts 11 bolts 1n each line
- Minimum spacing limaits
e =e;,=12%22=264mmuse 50 mm e, Py ) -
e,=12d,
€; =304,
p; = 2.2*22 =484 mm use 50 mm p b =154,
gﬁ E p,=30d,

p, = 2.4 %22 = 52.8 mm use 129 mm
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Solved problem [Z

5. Bearing resistance for end bolts )liall

) — i L (39 _ E) — mi £Y —
k; = min (2.8 * (22) 1.7 or 2.3) = min(6.36 or 2.5) = 2.5

- ap = min (35% or% or 1) = min(0.757 or 1.63 or 1) = 0.757

kyapfudt _ 2.5+0.757+490+20+10
- fora = =

= 148.48 KN

6. Bearing resistance for inner bolts

- ky = min (1.4 * (%) — 1.7 or 2.5) = min(8.2 or 2.5) = 2.5

- ap = min (ﬂ—l or—= or 1) = min(0.507 or 1.63 or 1) = 0.507
3422 4 490

kiapfudt _ 2.5+0.507+490+20+10
- fprd = =

= 99.37 KN

7. Bearing design resistance for 44 bolts

= 4 +148.48 + 40 * 99.37 = 4568.72 KN > 4000 KN
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Solved problem [Z
8. Check Long Joint gﬂﬁ
- Lmmting L; = 15+ d = 15+ 20 = 300 mm
- Available L; = 10 * 50 = 500 mm

500—-300
200+20

- Prr=1- = 0.95

- Design shear resistance =f;r * NOB * F,, pq

- = 0.95%44 %94.08 = 3932.54 KN < 4000 KN — Not OK
- Try using 48 bolts in four lines 12 bolt in each line

- Lmuting L; = 15 *d = 15 * 20 = 300 mm

- Available L; = 11 » 50 = 550 mm

550-300
200+20

= 0.9375

- ﬁLf =1-
- Design shear resistance =f; Fr NOB * F, pq

- =0.9375%48+94.08 = 4233.6 KN > 4000 KN — OK
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Solved problem __LZV

doola
. it
9. Check Block shear for one gusset plate o

A, = (129 —22) * 10 = 1070 mm?

A, =2+ (11+50+50 — 22+ 11.5) * 10 = 6940 mm?
) _ fudnt 1 (fyAn
Veff,l,Rd T Ym2 T V3 ( ¥Mo )

__ 490+1070 + 1 (345*6940

125 7 T ) = 1801.78 KN for one gusset plate

For both gusset plate =2*1801.78=3603.57 KN <4000 KN Not Ok.

A.,-_,-,H = ip [hp —ﬂ-|dr_'| }
. . A = t [ﬁe —d—“]
Try increasing p; to 60 mm S ] b
An, = t,(h, -, -(n,-05)d,
e, P18 dy is the diameter of the holes

ty is the thickness of the end plate

e, =124, h, is the height of the end plate

p,=3.04d, P is the gauge (cross centres)

2, — e,=15 dg m is the number of bolt rows
F = 3.0 da Fhuaa is the partial factor for the ultimate
tension resistance of cross sections

{74z = 1.1 as given in the National
Annex to BS EN 1993-1-1)
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Solved problem [Z

10. Bearing resistance for inner bolts

- L (122 _ — i | _
- ky = min (1.4 * (22) 1.7 or 2.5) = min(8.2 or 2.5) = 2.5

60 1 800

—= or— or 1) = min(0.909 or 1.63 or 1) = 0.909
3+22 4 490

- ap = min(

kyapfudt _ 2.5+0.909+490+20+10
VMa 1.25

- fora =

= 178.16 KN

11. Bearing design resistance for 48 bolts

=4+148.48 + 44 »178.16 = 8432.96 KN > 4000 KN
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Solved problem

12. Check Long Joint

Limiting L; = 15+ d = 15 » 20 = 300 mm
Available L; = 11 » 60 = 660 mm
5Lf =1-

Design shear resistance =f; ¢ * NOB * F), pq

660—300
20020

= 091

= 091 48 * 94.08 = 4109.41KN > 4000 KN — OK

13. Check Block shear for one gusset plate

A, = (129 — 22) * 10 = 1070 mm?
A =2+ (11#60+50—22+115) * 10 = 9140 mm?

Jfu Ant 1 [(fyAnv
V = + —=
eff.1,Rd YM2 V3 \ ¥mo
. 490+=1070 1

345+9140
1.25 @( 1 ) = 2234 KN for one gusset plate

For both gusset plate =2%2234=4468 KN >4000 KN OKk.

Y

o)Ll
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Solved problem
Extra Ideas

- Use more line of bolts on web.

- Try using Slip resistance connection.

- Using M22 bolts.

Va

&)ligJi
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= t,|h, e, -(n,-05)d, |

is the diameter of the holes

is the thickness of the end plate
is the height of the end plate

is the gauge (cross centres)

is the number of bolt rows

is the partial factor for the ultimate
tension resistance of cross sections
(72 = 1.1 @s given in the National
Annex to BS EN 1993-1-1)

tn(hy —nsdy )

dy
fp [E: —?]

tolh, &, ~(n, -05)d,

is the diameter of the holes

is the thickness of the end plate
is the height of the end plate

is the gauge (cross centres)

is the mumber of bolt rows

is the partial factor for the ultimate
tension resistance of cross sections
{(#2 = 1.1 as given in the National
Annex to BS EN 1993-1-1)

Vo m R

Aun

Voi.onRe

is the end plate thickness

is the shear resistance at the notch
for single notched beams

- A wM fj'.l:ﬂ

1@ ¥ o
_ )
= Atee — Bl + Hw.lﬂ + 2'-I:|'I'.'?

is the shear resistance at the notch
for double notched beams

_ "d"n-.ﬂ'l"«l r!.'lﬂ
ﬁ?m
=09 {hm - dm - nb} E‘l’.lﬂ

is the flange thickness of the
supported beam

is the web thickness of the
supported beam

is the height of the supported beam
is the area of the Tee section

is the elastic modulus of the Tee
section at the notch

Va

&)liaJl
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3.7

(1)

3.8
(1)

Group of fasteners

The design resistance of a group of fasteners may be taken as the sum of the design bearing resistances
Fyra Of the individual fasteners provided that the design shear resistance F, g of each individual
fastener is greater than or equal to the design bearing resistance Fy gy . Otherwise the design resistance
of a group of fasteners should be taken as the number of fasteners multiplied by the smallest design
resistance of any of the individual fasteners.

Long joints

Where the distance L; between the centres of the end fasteners in a joint, measured in the direction of
force transfer (see Figure 3.7), is more than 15 d, the design shear resistance F\ g of all the fasteners
calculated according to Table 3.4 should be reduced by multiplying it by a reduction factor f;, given
by:

_ L. -15d -
& 200d =18



but  fir < 1,0 and S = 0,75

(2)  The provision in 3.8(1) does not apply where there is a uniform distribution of force transfer over the
length of the joint, e.g. the transfer of shear force between the web and the flange of a section.

Figure 3.7: Long joints



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

