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& Simple connections
TYPES OF CONNECTIONS A
Connéctions are needed o
togjoin:
_,1 Members together in

1 trusses and lattice
glrder§ |




& Simple connections
TYPES OF CONNECTIONS P
2 Plates together te form bunt-up members

3 We | d , -

Plate girder
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TYPES OF CONNECTIQNS

3. Beams to beams, tFusses
bracmg, etc. to columns in
structural frames G
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TYPES' OF CONNECTIGNS /
4. Columns to founda]jc__;lpns
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& Simple connections & X
TYPES OF CONNECTIONS & AL 8

Conpections may be made by: _’__5.___:,_;.__,_, “ : %

1" BOItlng PN e A ,
“&-ordinary or non- preloaded bolts in standard dlearance or :

1 Over5|ze hOIeS EN 1993-1-8"; 2005 TabIe 3. 2: Categorles of bolted connectlons
D Pl’e|OaC|EC| Categg_ri _ E‘ntena _ ' Remarks
bOIt | Shear connections F

A N Fupa € Fopa h!é,ﬁfglnading required.
2- Weld I ng : _:_-_._-—_-_!.'ﬁanng type | _:_-i | Fepa = Fhrd | Bolt classes from 4. h to ID—Q may be used.

A . f|||et We|d B N 2 i?f iﬂf:" Preloaded 8 8 or 10. ‘Jhﬂlts should be used.

~slip-resistant at serviceability E _ | For slip resistance at serviceability see 3.9.

' EI bUtt Weld 1 Fuea = Fipa™ helnadedasu: 10.9 bolss should be dsed:
<
<

C N
STt astant ot uliinuic F Fuga = | For slip resistance at ultimate see 3. 9

Categoﬂes Qf N B 15 Nusii | Mo 308 341(1) )
AN Tenmun mnnutmns —
bolted RO

D Fiea ZF:.M Pﬁfu preldal:lmg required.

Cennect|0ns non-preloaded Figs Bolt classes from 4.6 to IEL'} n'm}rbeused

- Bysa Bysasee Table 34. (-

B/ /S FGo2  Fug Preloaded 8.8 or 10. '9/bolts should be used.
preluadéd Fig' = Bpga Bp.xa see Table 34 -

= LT
I ™

The design tensﬂe force Figa shﬂuld mr:lude any force due to pr}rmg a-:tmn, see 3 11. Bolts subjected to
both shear force and tensile force should also satisfy the criteria given in Table 3.4.

Pr=EnayatmsrialiaK



B Simple connections & -
1- Connections with Non- Preloaded Bolts
The'resistance of a bolted :.y;;_» I~ s
connection is normally « determlned & L
‘on the basis of the résistance of o~ &5
1 the individual fasteners and the " Shear p__gg_;_i;,.7
A

connected parts. N

vvvvvvv

l—\‘\ \ N‘\“
_ 1 \

.....

Linear- elastlc analysis is most Boit
frequently used in the design of =~
the connection. Alternatively
_non-linear analysis of the

| connection-may be employed; |
provided-that it takes aceount of .~ Connecteft’= |
the load-deformation - o o |
characteristics of all the
cemponents of the connectlon &)
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Simple connections
Connectlons with Non-Preloaded Bolts

the non- preloaded bolt;. “Length
often called an "ordinary &
bolt". It is popular because of | l‘Sh‘“'k
Yits low cost both to-buy and to _§— eoreed ] 7 i
install. Connections made with 5T _W' - T
this type of bolt are often - T_N{,,{ﬁna, LTEM““
referred to as "bearing-type" & “diameter  area '
so as to distinguish them from ' Structural Bolt

the slip resistant connections

1 that employ preloaded bolts.
Hex Head

Where a ]omt loaded in shear is
subject to impact or significant
vibration, welding or bolts with ~ Shank
Iockmg devices, preloaded bolts

| or other types of bolt which ., 10,
effectively prevent movement Threads ——>
should be used.

e —— TS TR E N BB

Washer



Connections with F | o5

Non-Preloaded Bolts . SN A
For wind andjor stability - @ @ S

bracmg, bolts in bearlng-

F

type Connect|ons may Shear planéj-_i-r; the threaded p;{r’f “Shea;rhplan;e';n Ih:a
. _~ non-threaded par
normally be used.” " N

LOAD TRANSMISSION & &
In structural & : : Cover plate { o : Main plate
connections, bolts & o

are used to transfer  “& B i (1 N ;E N [T
loads from one pIate B N7/ M777107/7k

[ oanother— — EN[TANITANATIAR ?\\§*

The load-is transmitted ‘into ) | W 127/I08
and out of the bolts by I =

| |
| |

f B e Ml WA

bearing on the - — v \ .
connected plates. The \ \ / /

. - Clearance holes .~ -
Jforces in the bolts are " “Typical borted connection with cover plates

transmitted bY transverse - SUBJECTED TO SHEAR FORCE
shear.

dr==havath=Ha
Jh \Jliayc AU IIC iln 'S




= | /,,Shear plane
--I—-I— F _ , _

" DOUBLE SHEAR

- ﬁ > Sum of bolt forces

Shear planes and effects on -'B.dlts.
. TS TR A R P BT



Connections with
Non-Preloaded Bolts |~ |7 ¢ i
LOAD TRANSMISSION-|( R SR e I S e

-fIn the case of moment

1 loading (M) only, the”
tension part of the load is

transmitted by axial

tension in the bolt.

__ /T ension
connection |,

bolted beam—to —column
connection

End plate



Connections with
Non-Preloaded Bolts (- Vo & N
LOAD TRANSMISSION| ( £E 2N R e W ] S e

-fIn the case of combmed
| moment (M) and -

| transverseloadlng (V),
the bolts may be requiredr—
to transmlt a combmatlon
of transverse shear and
_____aXtaI tension.

__ /T ension
connection |,

bolted beam—to —column
connection

End plate



Connections with
Non-Preloaded Bolts
LOAD TRANSMISSION--

' o

P, =

-

R ]"| -| T 10 ]'!"P

T

'-B:Eil-ts A

“~ transmit
27 transverse
“  shear

“[transmit a”~

“|combination
of shear and
tension




L Bearin i — Clearance
Connections with smf = RS Cle

Non- Preloaded Bolts -

LOAD TRANSMISSION
IN A SPLICE JOINT =

|oimEnsTONS OF THE BOLT

| Hexagon headed-
bolts and nuts are
avallable in a range A
of s|zes up to about .
68 mm shank

-;- 'dlameter

The. boIt sizes are |nd|cated by the deSIQnatlon M foIIowed by
a number multiplied by another number. <

M 20 x 60 where: “the dlameter of the shank is: 20 mm
| the length of the shank 4 the threaded part is 60 mm.
The M stands for metric.

e ——— TS T VR N B




Connectlons with Non-Preloaded Bolts

DIMENSIONS OF THE BOLTS —oné ful thread (in
o o addition to the <
| ;"thriad run-out) N

A5 2 threads

shear plane /

N ) | SN —y

one full thread (in
additioh-to the
A thread run-out)

£

Fgr bolted connections: - g\
15¢t, . <d<225¢t, (mm) ord (50 t,,,,,,)0 4 (mm) |
d nominal diameter of the bolt; t .. is the thickness of thinner connected pIates

L)L) e e

g\



Connections with Non-Preloaded Bolts
BOLT GRADES X
Bolts-and nuts are available in steeIs of m|n|mum tensne

strengths up to about 1370 MPa.~
The grade of the bolts is indicated by two numbers The most

1 common grades-are 4.6, 5.6, 6.5, 6.8, 8.8 and 10.9.

EN 1993 1-8 : 2005- Table 3.1: Nomlnal values of the y|eId
strength fp and the ultlmate tenS|Ie strength £, for bolts

~Bolt class 4.6 48 _5__,-6_'[ 58 6_8--5-_ 58 | 109
£y (N/Mm2) | 240 - | 320 300 | 400 | 480 640 | 900 |-

The design y|eId stress f,;, = ﬁrst number X second number x 10.
The design-ultimate stress f , = first number x 100 (MPa).

N O S R S
| =) Fml= | i (e YACTITLIC e il J\




Connectlons with Non-Preloaded Bolts

DIAMETER OF THE HOLES A&

Because of the tolerances in the posatlonmg of holes and the =
tolerances of the bolt d|ameter (d) and the hole diameter (do),

‘clearance is necessary. -
| For bearing-type connections, th|s cIearance may cause slip’ of the

plates when they are loaded. 7 ey & ﬁleiarance
> .~ holes

- 1mm for M12 and M14 bolts i

Q-2mm for M16 to M24 bolts - F

@- 3mm for M27 and larger- Iaolts -

“Holes with smaller: clearances than &R
standard holes may be speC|f|ed

. T
Holes WI|| be formed by dr|II|ng or punchmg | dg

Pr=Ghayath=Hallak:



Connectlons with Non- Preloaded Bolts

NOMINAL AND STRESS SECTIONS OF A BOLT

~Nominal | 8 | 104] 12 | 14 ] 16 187120 zz 24 | 27 [730
1 ~diameter A >
d (mm)_, | Sl Sl | < |
Nominal~ | 50,3 | 78,5 |113 | 154 | 2014254 | 314 | 3804452 [573 (707
area” N Y
A (fim2) I
_(Stress  [36,6 | 58,0 84,3 | 1157|157 |192 |245 {303 |353 [459 |561
[ area &Y
A'As (mm2) | A

& Stress a__r.gé ‘of bolts

1L e e e



Connections with Non- Preloaded Bolts -
SH EAR RESISTAN CE A& «
A shiear joint can failin the o
folIowmg four modes

(a) by shear at th€ end of thﬁ ’a)ﬁ"Long:i_tudinal shear failure of sheat

member (plate failure-Block . A~ £
Tear) = & L 5\\ o \°
(b) by bearing on the mem ber s ot

or bolt (plate fallure) b) Bearmg fallure of sheet
--(c) by tension in the member

1 (plate failure) =~ .x ‘ \
(d) by shear onfthe balt shank N

(b@[t fallure) , | | c) T enszle fazlure of sheet,

& S Sl
- o O £ d) Shear failure of bolt' "

St s -~ Pt
P - o o,

Dr=Ghayati=haliaks
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<l () FAILURE -

TYPESiOF FAILURE\OF BOLTFED CONNECTIONS F\AILURE
Br=Ghayath=tiallak




Connections with Non- Preloaded Bolts

SH EAR RESISTANCE | - |
The design shear resistance of a belt (FV ) in® TS
normal conditions, per shear plane is: &0 @

_;"(a) For the shear pIane passing’ through the
1 threaded portion of the bolt: O Bearing 5
N Dg

~N— Bcanng (Shear
I:v Rd = 0‘ fub As/ Tm2 & N/ %

—O 6 for strength grades

4.6, 5.6 and 8.8
1o, =0.5 for strength grades

48 5.8/ 68and 10.9

(b) For the shear plane
passing through the
__,__u,nthreaded portlon of the bolt




Connections with Non- Preloaded Bolts

Bolt

LONG JOINTS " ehear

The‘loads transferred - o
through the outer bolts
| (1 and 9 in the Flgure)
| are greater thanthose |
through bolts towards & &
the céntre of the joint. ~«~—=—== T2 P,
If the total area of the ~ |
cover plates exceeds, (a) Distribution of bolt shear loads arising from P
Lthat of the centre_____pl_’a'te &

the distribution wilf not "~ , =l
be symmetrical, and.~~ in centiplate _

bolt :1-will transfer more AT yBeverdee
load than any other. g <57 | 7 i Stressesdrawn for

' situation-where total

O ~ o _ ] area of cover plates=
< yoreater strain - Greatar strain area of central plate

e A _ 77 in centre plates in cover plates

Average stress

(b) Incompatlblllty of tensile strains in connected elements

=Jau..i-'ﬁ\'ﬁun Il

,_E’_.J,k\



Connections with Non-Preloaded Bolts

LONG JOINTS & choor (2
When: the fasteners y|eId ord o~ J

their- flexibility increases: PR A
causing a more uniform’ & (CEEps
¥ sharing of the load However,
for long steelwork joints of
normal proportions this op N
behaviour will be msufﬂaent'ﬂ—H o -'—_1_-“ ——
to produce an equal load~~ 5
distribution. The end- bolts (@) Dlstr|but|on of bolt shear loads arlsmg from P
J will reach their deformation & --
| limit and so-fail before the e 1
remaining ones have been ferage uees
fully loaded. This will result i cover plate

in progressive failure at an 25 | A Stessegutn for

n oentre _plate _A\;{éfage stress

avérage shear value per bolt <~ e situation where total
below the single-bolt shear <~ oo 7 "] areaofcover plates=
. , reater sirain reater sirain area of Central plate

reSiSta nce = J o - incentre plates  in cover plates
(b) Incompatlblllty of tensile strains in connected elements

=Jau..l-" <L

IO\



Connections with Non- Preloaded Bolts

LONG JOINTS
_Lj“> 15d

1,0

084"

e

0,6 -
0,4 -

0,245

{ . Ny Y 7,
e e —————— e ——————
{ i ¥ g )

-

;_jBLf, glven by

o

—
4]
=1

| %d,;;”
Reductlon faetor for long ]omts

 J
A
L J

A

-

L |"| | ,__I- L1l |--_|_1_ L
L L 0 L L ;

the design s__h;é'a:r resistan'_C_:_;éf'be all

the fasteners shall be réduced by
multlplymg it by a reductlon factor

- ﬁLf = 1L i-15d

P& 2l d

b tBLf<1Oand BLf>075

=Jmmmﬂlﬂ“



" Connections with Non-Preloaded Bolts
BEARING RESISTANC =

Y|eId|ng due to pressure:~
between the bolt shank and
-’plate material may result in

1 excessive deformation of

the plate~around the bolt

hole and possibly some -
distortion of the bolt.

-

The area re3|st|ng the N
bearing pressure is — (O
asstimed to be the product
of-the plate thickness and £
A-the nominal bolt diameter. " Net section failure -
S <" Failre modes of flat member

Br=(nayath=ialiak:




Connections with Non-Preloaded Bolts
BEARING RESISTANC' "

The drstance (e,) of the:-
bolt from the end of the
-’plate must be sufficiént to

{ provide adequate resistance
to the shearing-out mode

e

of failure shown in the

Frgure “which is governed

by the area of the shear ~ A~

--*path o & Shear. path
& Shearlng -out- fallure

-

The presence of threads %

in thegrlp does not |, -
significantly affect the <

bearing resistance but

| will cause some-increase
} of the deformation.

,, Net section failure -

-

Fallure modes of flat member




Connections with Non-Preloaded _Bolts

BEARING RESISTANC
If the shear re5|stance

(connectlon bolts) is
_greater than the
- bearing re5|stance of the
1 plates, one of thé failure
modes shown in the F|gure
will occur. In this case, the-©
defermatlon capaaty of
__*the connection is very A Y
_large. The joint has a Shearlng “out- fallure
1 "ductile” behaviour. 5 —
In the other case;. when =
the failtre is due to the’
shearing of the bolts the
deformation capaaty of
_.rthe connection-is'very
I small and thejoint has a ,
"brittle" béhaviour.

e

,, Net section failure -

-

Fallure modes of flat member

Dr=Ghayati=rialiak




Connectlons with Non-Preloaded Bolts
BEARING RESISTANCE

The. deS|gn bearing reS|stance oF
of abolt is given by: - "

Fde=k1 Q, ﬁjdt/mz

-—————————————--—_— [ — — . . . . -

k Mm{ [(2.8e,/d,)-L. 7] |,|[(1 4p2/ do) 1. 7] 2 5} I —

———————————-‘-—— — — o e o - . o e o

for edge bolt ) T—for inner bolt”” o
| This reduction coefﬂuent oy is necessary, because when the end
dlstance is short, the capaaty of deformatlon |s smaII %)

If the net section of' the P

member is small/net section ==
Y rupture may govern the fallure
load of the connection. ~ '
Net section fallure

=Jmmnmﬂlﬁ\
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Connections with Non-Preloaded Bolts & -«

)
R
P~

\»

TENSION RESISTANCE A A
AN ' SN
ng_szon resistance of a bq]t Punchmg vhear resistance of the platef
=0.9in gEllEI'ELl P , N LV A o~
0. 63 for countersunk hlls ’ :/‘ & ,( E \:\
fu =ultimate strength of ¢coninected plates /- oy 2 N
fup= “ultimate strength-of bolts 2 R <ol Pl
dm = the mean value- between in- and cm:umscnbed alﬂIﬂEtEI'S of bﬂlt head and bnlt nut,
| ‘whichever is smaller ' A o -:‘5‘
| tp = is the thickness of the plate under the bolt or the nut. P
W =125 /0~ /N <) Y

=;]"f'?[ﬂinﬂlr'



Connectlons with Non-Preloaded Bolts
TENSION RESISTANCE

th = kz ﬁJbAs/YMz "

,- k2 = 0,63 for countersunk bolt,
otherW|se k2 0,9

Llh \= | i [ r\,( lum:nlr(\




Connections with Non-Preloaded Bolts
PUNCHING RESISTANCE ._'_?in_,:;_;;;,;-

0.6-7- fu-d

P

Bp*Rd -

il = Inin[[ﬂ} : [
h 2 T ﬁ

e isthe width across points:6f the bolt-head or the nut 4

2 aut S 2O

s /isthe width across flats’ of the bolthead or the nut

f is the ultimate tenS|Ie strength of the ply under the bolt head or nut

{'Non preloaded

hexagon head bolts
Classes 4.6,8.8 and
10.9;as specified if- BS
EN-ISO 4014, BS: EN
150 4016, BS. EN IS0
14017 and B,S‘__EN IS0

b})ﬁ-@j@ﬁ{ tNerialiak

__,.—." L
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Connectlons with Non-Preloaded Bolts
PUNCHING RESISTANCE '

Non preloaded hexagon head bolts

_Pimensions in millimetres-

Thread, d M5 M6 M8 - M10 M12 M16 M20
P3 0,8 1 1,25 15 1,75 2 2.5
b 16/~ 18 .22 26 30 38 46
b ref. g 22 24 28 - 32 36 44 52
g 35 37 41 45 49 57 \” 65
c ~max. 0,5 0,5 0,6 0,6 0,6 0,87 0,8
d, max. 6 7.2 10,2 12,2 147 187 24 4
p max. 5,48 6,48 - 8,58 10,58 12,7 16,7 20,84
s min. 452 -5:52 7.42 9,42 11:3- 153 ~ 19,16
dy min. 6,74 ~8.74 1147 14,47 16,47 22 © 27,7
e min. 8,63 - 10,89 /0142 17,59 19,85 2617 32,95
nom. 35 4 53 6,4 7.5 10 12,5
k max. 3875. | 4,375 5,675 6,85 7,95 10,75 134 ~/_
—min._ 3,125 3,625 4,925 © 595 7,05 9,25 11,6°
ko2 - min. 2,19 2,54 345 4,17 494 6,48 8,12
r min. 0,2 0,25 0,4 0,4 06 0,6 0.8
= max. 8,00 10,00 13,00 16,00 18,00 24,00 ~~30,00
: min. 7,64 9,64 12,57 1557 17,57 23,16 29,16
y Preferred threads

Demlzhavwat
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Connectlons with Non-Preloaded Bolts
PUNCHING RESISTANCE '

Non preloaded hexagon head bolts

Bimensions in millimetres

Thread, d M24 M30 M36" M42 M48 "~ M56 M64
|~ 3 | 35 4_ 45 . 5. 55 6
> 54~ 66 - —- ~ = — —
b ref. e 60 72 ‘84 96 108 —_ —
~d- 73 85 a7 ~109 121 137 153
c “max. 0,8 08 —~ 08 1 1 1 - 1
dy max. 28 4 354 424 /. 48 6 56.6 67 75
P max. 24 84 30,84 - 37~ 43 49 57,2 65,2
s min. 23,16 29,16 35 41 AT 54 8 62,8
d,, min. 3325 42.75 51-11 59 05 6945 78.66 88,16
e min. 39 55 750,85 ~60,79 713 826 93 56 104,86
nom. 15 187 © 225 26 30 35 40
k max. 15,9 1975 _|. 2355 27.05 31,05 36.25 41,25
min. 14,1 . 17,65 21,45 2495 28,95 -33.75 38,75
iy - min. 987 ~12:36 15,02 17,47 720,27 2363 27A3.-
: - min. 08 -1 1 > 12 16 2 7.
= max. 36 46 55,0 65,0 75,0 85,0 950
s min. 35 45 538 63,1 731 828 92,8
Preferred threads
~ Y -] IH

—J

=4 I \\“-’/llll"[\x_"lui‘
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Connections with Non-Preloaded Bolts
PUNCHING RESISTANCE NS

BSEN IS0 4032 or.~

BS EN ISO 4034
Nut Dlmensmns

[

s
Thzead M1,6 | M2 |M25| M3 | M4 | M5 | M6 | M8 | M10 | M12
P, 035 | 04 045 | 05 | 07 | 08 1125 ] 15 | 1,75
Al max 0,20 | 0,20 | 0,30 | 040 | 0,40 | 0,50 | 050 | 0,60 | 0,60 | 0,60
<* min. | 010 | 010 | 0,10./°0,15 | 0,15 | 0,15.}0,15 | 0,15 | 0,15 | 0,15
i max. 1,84 1230 | 2,90 345 | 4,60 | 575 6,75 | 8,7510,80 | 13,00
da min: 1,60 2,00 | 250 | 3,00 | 400 | 5,00 | 6,00 | 8,00 |10,00 | 12,00
d, | ~min. 240 | 310- | 4,10 | 4,60. (590 | 6,90 7 8,90 |11,60 | 14,60 | 16,60
e |~ min. 341 | 432 | 545 | 6,01 | 7,66 | 879 | 11,05 14,38 | 17,77 /20,03
T max. 1,30 |-1,60 | 2,00 | 240 | 320 | 470 | 520 | 6,80 | 8,40 ] 10,80
T min. | 1,057| 1,35 | 1,75 [ 72,15 | 290 | 4,40 | 4,90 | 6,44 | 8,04 | 10,37
‘m,, min. | 680 | 1,10 1,400('1,70 | 2,30 | 3,50 | 390 | 520 [(6,40 | 8,30
nom. =max [ 320 | 400 | 500 | 550 |7,00 | 8,00 | 10,0 |13,00716,00 | 18,00
> min/_ | 3,02 | 3,82 | 482 | 532-| 6,78 | 7,78 | 9,78 | 12,73 | 15,73 | 17,73
= Pr=Ghayath=Hallak:




Connections with Non-Preloaded Bolts
PUNCHING RESISTANCE A

BS_—__;-E N IS0 4032 or- m] [[ j "
BS EN IS0 4034 |
| ‘Nut Dimensions: & 1, &

‘ogol.sL )

Thread
D

P, 2 25 3 35| 4 45 |,/5 |55 6
1 max. 0,80 0,80_-__;'3' 0,80 |~0,80 | 0,80 | 1,00 (1,00 | 1,00 1,00
min. 020 | 020 | 020.4 020 | 020 | 0,30°| 0,30 | 0,230 | 0,30
max. 17,30 21,60 | 2590 | 32,40 | 38,90 | 4540 | 51,80 | 60,50 | 69,10
min. 16,00°{ 20,00 | 24,00 | 30,00 | 36,00 |742,00 | 48,00 | 56,00 | 64,00
d “in. 22,50 | 27,70 | 33,30 | 42,80 | 51,10 | 60,00 | 69,50 | 78,70 | 88,20~
o A min. 26,75 {'32,95 | 39,55 | 50,85 | 60,79 171,30 | 82,60 | 93,56 | 104,86
1 max. 14,80" | 18,00 | 21,50 | 25,60 | 31,00-| 34,00 |"38,00 | 45,00 ~[--51,00
min. 14,10 | 16,90 | 20,20-{ 24,30 | 29,40 | 32,40 | 36,40 | 43,40° | 49,10
min. | 41,30 | 13,50 | 16,20 | 19,40 |/23,50 | 25,90 | 29,10 | 34;70 | 39,30
nom. = max. | 24,00 | 30,00 | 36,00 | 46,00"| 55,00 | 65,00 | 75,00 | 8500 | 95,00

min:-._ 23,67 | 29,16 | 35,00 | 45,00 | 53,80 | 63,10 | 73,10 | 82,80 92,80

e —— TS TR E N BB

M16 M20 M24 M30 M36 M42 M48 M56 M64




Connections with Non-Preloaded Bolts
PUNCHING RESISTANCE

Washer Dlmensmns EN 14399 6- Plain Chamfered Washers

Thread

Mi2
Mi16
Mz0
M22
M24
M2T
M30
M36

EM 14399 Part 6
Inside Diameter, d. Outside Diameter, d: Thickness, h External Chamfer, e Intemnal Chamfer, ¢
min. max. min. max. min. max. min. max. min. max.
13.00 13.27 23.48 24.00 27 33 0.50 1.00 16 19
17.00 17.27 20.48 30.00 aT 43 0.75 1.50 16 19
21.00 21.33 36.38 37.00 aT 43 0.75 1.50 20 25
23.00 2333 38.38 39.00 T 43 0.75 1.50 20 25
25.00 2533 43.38 44.00 aT 43 0.75 1.50 20 25
28.00 2852 49.00 50.00 44 5.6 1.00 2.00 25 30
31.00 31.62 54.80 56.00 44 5.6 1.00 200 25 30
37.00 3762 64.80 66.00 54 6.6 1.25 250 25 30
—--?.--—

Pr=Ghayath=Haliat
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Connections with Non-Preloaded Bolts &
BOLTS SUBJECT TO SH EAR AND TENSION

N Thus the full tensile resista ncels available for
values of shear'up to almost 28:6% of the shear

capacity F,zy-as shown in the Figure.

0,286 -

0 - — —< : = PN 2

Interaction dlagram for design of boIts subJect to Ft
: Tension
‘combined shear and-tension

=JH\JH:-W-EM Il

1= S



_ Connections with Non-Preloaded Bolts
Block tearing N

-1a

ak



Connections with Non- Preloaded Bolts
Block tearing

1 small tension for ce’ 2 large shear __fo__'fcé 3 small shear force 4 large tenS/on force

; St .
- 4 ]
- A e -
, o . VA



Connectrons with Non Gase:
-Preloaded Bolts .~

Block tearing

| '-’---Block tearing consnsts

of failure’in shear at

the row ‘of bolts along B

the shear face of the .~

hole group
’-"accompanled by tensne X

1 rupture along the hne e

of bolt Holes on the .

tension face of the bolt

group

e

7\ Tensile section

~Tensile section -

Shear section

Dr=Ghayath=rialiax



Connections with Non-Preloaded Bolts &
Block tearing EN 1993-1 8 : 2005 close 3. 10 A

S

For/ a symmetrlc bolt group subject to concentrlc Ioaqu the de5|gn
_/brock tearing re5|stanee Vet 1 ra 1S g1ven by .

/— N s

I Verrira= = fuPor /Yo + (1//3) fy Am, / Yo AT

Ant IS net area subjected to tens|on , ,
Ay, Is net area subjected to shear

_...F@r a bolt group subject to eccentrlc loading thede5|gn block shear
~tearing reS|stance |/eﬁz Rq IS gLven by: o

ot o™

—

I/effz RET 0 5 £ Ak / YMz (1 / \/ 3) FAnv/ YMg

-~ P iR
; . B _‘ o~ R
—

. TS TR A R P BT



Connections with Non-Preloaded Bolts
SPACING REQUIREMENTS

The p05|t|on|ng of holes. for bolts should be such- as to prevent COrroSion-
and local buckling and to facilitate the mstaIIatlon of the bolts.
_,"’Connectlons of plates

4 1,2d, <e,ore, <40'mm + 4t (exposed to weather )
1,2 d0 <e2 or e; <Max(150 mm, 12t)

__{ Direction Df
load transfer

P

| py £14t| ﬂndri 200m|m |

S




Connections with Non-Preloaded Bolts - =
SPACING REQUIREME NTS

Connectlons of plates. = N

P16 <141 and =  200mm

'\ é @) Tension

S p1j <28t ands 400mm X

|-‘ ~ |

) " ,— {c) Spacing In t'énﬁ'sion members

: _--ﬂ--ﬂ---e---- %, A
e-__-a‘?@ﬁ@?-eﬁ-- I

L

Eraggered Rows of _ﬁlﬂ'-EﬂE'r.i!
=5&-§j@% th:aliak

{a)
(1]



Connections with Non-Preloaded Bolts g
SPACING REQUIREMENTS Angles Connected by One Leg

T

I

P

A is the net area of the angle.

L

P
P

P o

. TS TR A S R R



Connections with Non-Preloaded Bolts &
SPACING REQUIREMENTS Angles Connected by One Leg

Table 3.8: Reductlon factors B2 and B 3

Pitch p, <2.5d, >50d,
= B 0.4 0.7
B 0.5 0.7

Note: For intermediate values of pitch p,,
values of } may be determined by linear
interpolation.

S

=Jmmmﬂlﬂ



Connections with Non-Preloaded Bolts
Eccentrlc connectlons : ~
There are two prmapal types of eccentrlcally Ioaded connectlons -

P P

| |
T >

+ 4+ 4 4|
4+ 4+ 4+ +|

i |

i' 2 Bolt group in dlrect shearfand teh5|on (OUT OF PLA

g~V
I’ k- e ’-9 = }/’ e

i'\lE')

e 5h3




Connections with Non-Preloaded Bolts ‘
Eccentrlc con nectlons

1. Bolt group in dlrect shear and torsmn o e
) T | Vee
| A ] :
! I (RN
#Se0 v) 1+l
ﬂ ﬂ , MEd T 1
+1 | N JH
#+ 53k
~ 1 | ) | -'::'-7-# | i

EI the moment is applled in the plane of tﬁe connectlen and the..s
bolt group rotates about its centre:6f grawty o

Q- Afinear variation” of loading due to moment is. assumed Wlth

the: bolt furthest from the centre of grawty of the group carrylng

the greatest load.

10-The direct. shear IS d|V|ded equaIIbietween the bolts’ and the

side plates are assumed to be rigid.
. TS TR A R P BT



Connections with Non-Preloaded Bolts & e
Eccentric connections
1. Bolt group in direct shear and torsmn %
D ~FORCE DUE TO TORSION 7o A ,

T
4

<~
m
o

T
|
|
|
|

)

- .- [l e p——

B

N Ip PoIar moment of
(IY+ IZ ) ~ Inertia for the

_ .7 bolt group-
(A Z 4 +A5 ZY ) n : number of bolts

s X (ZZ XY A: single bolt Area
s X% r 7

= Dr=Ghayatn:rialiak




Connectlons with Non-Preloaded Bolts
Eccentrlc connectlons
1. Bolt group in dlrect shear and torsmn

s
N

m
I/Ed

ek ‘ B
zl_I_ + {I + EdT i‘
_;'_"::'__'_--— ! I T ST A ;;_.';____ LLL
| I
I

+ 4|

|
I
I
I
|

o 4

!

FT" For the furthest bolt (D .
““IF, A X ’TM o A X(My x r1/I )
" A ><(IVIT X rl/Ip)
{;_‘ FT= s X(Mgx 1,/ ( Ag X 3T .))
1 Y1 = (M¢% /(2 %)
=Jmm°v: th=Hallak:




Connectlons with Non-Preloaded Bolts

Eccentrlc connectlons
1. Bolt group in direct shear and torsmn

&

| 1 +

a ~FORCE DUE TO VERTICAL SHEAR
! e S NN :
- i T VEd - i\ 4 € /| -
| Id : : \/EJ
[l : 1 m
I

1FLir

a_(90 e)+9o

‘ y
LS p
"I1 ,
<
wl
gL
D
)
g
T
a)
=1
i
=L
IJl
(a)
(e
g

1 |
iﬂ _______ _E/I_E_d_T_ lt_J:____ ——— —————
i ! N |
]+  HIE
Yt = . F _ VEd / B direct shear is divided equgl!y_..

between the bolts

FT‘ For the furthest bolt- (@) % £

The combined force per boltis the resultant of
these two S

v VEd—FR \/(F +F v +2 F F cos a) Fyrd &F bRy



Connections with Non-Preloaded Bolts

Eccentrlc connectlons
1. Bolt group in direct shear and torsmn

! | I | | |

| | ;71 ~The resu]tant bolt force’i IS then checked
a=(90- e)+9o F 7 against the bolt strength in single: shear,
™~ @ double shear.or bearing-as is approprlate l'n
~7} Fythe case of/ bearlng, however. it should be
_______"" remembered that the full strength cannot be

N achieved if the end distance measured along
avL the liné of the’ resultant is less than twice

the‘diameter of the bolt.




Connectlons with Non-Preloaded Bolts

Eccentric connectlons W 3 A
2. Bolt group in dlrect shear and tensmn (out of-plane)

A ﬂ \/ o )
e »l VEd » [ Ede N f

1 Fvee < Lyra
Fy, e :fiffié/aj
FtEd< Ft ra

L SR S

[imum tension

flz3izl.
F,z4/z1

Approxmate Method S gﬁﬁ il
T he centre of rotation is assumed to '
- be at the bottom bolt |n the group

=m ath-Hallak:




Connections with Non-Preloaded Bolts
Eccentric connectlons >

2. Bolt group in dlrect shear and tensmn

= AR 2t E'—'r‘-sz <2/ 21 R

i,

l

Pt ™

=—2F / Z1 [Z + Z . -]

Mp= (2F /Zy). )] 7°
Mg=P.e =

The maX|mum bolt tensmn |s
F= (P.e. 219/(222)

The vertlcal shear. per boltis
> F, = P/ no of bolts

-

Max|mum tension




Welded Connectlons

Weldlng is the process
of joining metal parts
by fusing them and-

Armw indicate

dlrectmn of 501|d|f|cat|0n :

Molten
steel 7

{ filling in with molten

metal from the electrode |

Columnar gralns

Trailing edge
solidifying

I:éﬁding edge

-being mehted

o growing mtc-
/ weld pc-ol '

o weld metal

Solldlflcatlon of weld metal

~ “Solidified // \

Fusic-n boundary

steel &Y welding

Nl

=ib \\z,lﬁ,(}; |

Prb‘éressivg fusion and solidificatibn

Molten / 7, _- Direction of

e P | P |
yatiErialiax



Welded Connections.

The most commonly used
heat'source, in structural--
work, is a low voltage (15
to 35 volt), high curfént
(50 to 1000 amp)-arc

Heat radiated
to atmoesphere

Electrode

;

Welding lead -

a Power

Arc _,;\ X
-n ‘l\

{cable)

End of electrode

melted

TA-"'

rc iength

/

Parent metal

{steel)

supply "

9 AC orDC

7 Retumn

" lead {cable}

Heating at surface

melts-steel

Weld pool

Welding Arc




Welded Connections.

The molten steel in th-é;—r-"'

pool “will  readily abserb
oxygen and nitrogen from
the air, which could 1ead to
§ porosity in the /Solidified
weld and possibly to

metalldrgical problems._~-
The Figure shows how this>

is avoided by covering the
pool with a molten flux; as

~

/. ~Core wire o

“ . Slag layer , .

%0“ |f|ed\\weld

Flux Covering —._ £ h
y e el

/ _ Weld pool-

_ _:.T.o"power supply

< Flux N —
' covered R
electrode

_ Id-'ﬁower
Arc ~ supply

N 7
V?rr

"Pa__rént metal

in Manual Metal Arci(MMA) -~
and Submerged ___A__rc -

Welding- (SAW), < by
replacing the air .a___round
thecarc by a non-reactive
das, as in Metal Active Gas

wire welding. -

=Jau..i-"-iurm

(MAG) Weldirig™ or cored §

;

Coppernozzle
confines gas
to.arc area

_S_bielding gas

Flux shielding in MMA. -

- JJ,J»JJ“

,.‘\,{k\
X
y’

Cont—aet, tube connected
to pbv&ér supply —p

Electrode wire (solld or

-~ cored) Todpower

Arc -j_s.uppl i

Weld pc_)_dj :

Solidif'@a \Q:ela\

Parent metal’

‘Gas shielding in MAG

Shleldlng methods

TN\



Welded ‘Connections .~

Advantages of weldmg o 3
Weldlng offers many advantages over other Jomlng methods &
o Freedom of deS|gn ‘and the opportumty to develop |nnovat|ve
1] structures, - 3
| K Easy mtroductlen of stlffenmg eIements

© Less Welght than in boIted ]omts because fewer plates are

“required; A - |

. Welded joints allow mcreased usable space in- a structure

o Protectlon against the effects of fire and corrosion are. ea5|er
and more effectlve --

Defects of weldlng Hot m
e Cracks can occur in welds
and adjacent parts of the
_members be_i,.rj'g joined -

=mer.mnm

N\



Welded Connections. o E --

European Electrode Classmcatlon System
Based on EN ISO 2560 (EN 499) |

Py E|42 [0 |RR[1|2| -~

covered electrode — N _ — :

42

The Yield strength. Fuf electrodes suitable for multi-run welding, symbol” 35, 38, 42, 46,
50” is used to indicated a minium yield strength of 355 N/mm?2, 38[.'! N/mm?, 420 mel‘llz 460
N/mm?, or 500 N.n"mm respactwa]y A ~N—

Symbol for i lmpact properties’ uf allweld metal (£, A0 2.3, 4 5, 6)

Symbol for type of electrode covering g

A- Acid covering, C — cellulosic cobering, R- rutile r.:uvenng, RR- rutile thlck covering, RC
— rutile-cellulosic covering, RA-rutile-acid covering, RB- rutile-basic covering,

B- basic mvenng ; A ~

S}rmbﬂl ﬂ:-r nommal electrode effi Blf:ncy and rype of current

Symbol for welding pnsitian




Welded ‘Connections._ -
European Electrode Classmcatlon System

Based on EN ISO 2560 (EN 499)

PG

vertical position down

Welding Positions

A

PA, PB. PG

Symbol for weldin'g:”position

'i/\ ==
5'- I Min Yield Strength Tenslle Strength ' Minimum | :
ym N/mm . N/mm Elnngatmn %o 42110 (RR |1 12
{ VRES 355 - 440 - 570 |22 - :
38 380 — " |a70 - 600 20 | /., ‘e
42 420 500 - 640 20
46 | 460 530 - 680~ 20 N
50 /. 500 560 - 720 13”-‘..'
\ﬁrength and Elungatlun 5\rm|::|uI5 S 3
) (8 Welding Positions 4 h d/fl \ t Symbol . Positions
_ PA ownhand/flat position i g
" PB | horizontal position — L _ e EE' P PR TR pG =
PC | horizontal vertical position ||~ |2 I~ PA, PB, PC, PD, PE, PF -
PD | horizontal overhead position |- PN
PE | overhead position A~ 1 3 e A0
PF | vertical position up R s ! PA -




Welded ‘Con nectlons

Load

Fa|Iure of Welds

e Welds have an extremely /-
limited capacity of deformation /-

angle in relation to the
weld Iongltudlnal axrs’

11t is therefore common
practice that, for small-to-
medidm carpentry jobs, plates
are welded to completely’ o
| _E:\S’\Egril Itlf;ist‘lll\I"I;elfI:tance H Weld deformation ctependrngW %%dtfﬁremellggd angle.
‘throat oF 5 mm restore’; a 10- -mm plate W|th good e
approximation). Th|s kind of desrgn (full: strength) also means
that‘the checks are: omitted in the calculation reports. _
For-jobs of medium- to large- -sized structures and for moment
»cennectlons the verification- s requrred for both safety reasons
Tand to av0|d unnecessary over 5|zrng "

=Qﬁ-§i@ﬁ{ fR=Haliak




Welded Con nectlons A
Fallure of Welds A

The exact result that is‘obtained in: calculatmg thepthlckness off
double fillet welds: which guarantees the full. strength of ~
-connected plates is; dependlng -on the, quallty of the materlal a

| throat thickness greater than .

o~

0. 46 times the thlckness for '$235, & &
0 55 for S355. ﬂ

For S420 and S460’mater|als each fillet must be greater than

Yvalues between 0.68 and | 0.74 times the thickness.

The ecenomy of the w_elds is the fact that Iarge welds reqU|re B
multlple runs (aIso known as passes”) In: fact, upt to a throat: of
about 6 mm ( 141in.) a smgle pass may sufﬁee “but for greater
thrcknesses it is. adwsable to have multrple passes to achieve

| fgood welding; quallty As Frgure below illustrates, many passes are
I required to,reach a sllghtly hlgherthlckness :

=j"’] qayati=rialiak



Welded{:onnectlons

For-example, a throat: thickness Gf
94mm requires about three passes
,fwhlle one of 12 mm requires about
five or six runs.This means-that, to
achieve:a resistance equal to about~~
50% more than a 6 mm ﬁIIet three
tlmes more labor is- necessary
__,(WIthout con5|der|ng that <it is
-necessary to “clean” the’ “various
welds) .and evendﬂve or<six times
the wark for dt)uble “strength. We
conc’rude then, wherever possﬂale
that it is preferable to “stretch” the

“thick, rather‘than havmg very thlck
fillets of limited length.

Fallure of Welds

f'welded area with fillets that-are not &

"1




Welded Connections._ -

EDGE- PREPARATION FOR
BU'IT WELDS 5

‘-—-"f.u” penetration” We|C|, which D
Jwill restore the strength of the -
‘connected-elements but requires

{a)

more preparation and control
and therefore increasing ‘costs
for the fabrication shop (in
contrast this solution-is

"mexpenswe for the’ englneer and

would avoid any-calculation W|th
the S|mple full- penetratlon
mstructlon) |

@

=Jh

/T tb)

Capping run- ;

ya Eiéétrode
Arc “ )
Depth of penetration

- i-n cluded

angle

Root . gap j

Al y 5 —"- g
_L Root- run

Penetratlon in arc weldlng

J11C h,f ItIl ||1mlnk\




Welded Connections. g <& \ / 5 _;.__}fgz()mm
EDGE'PREPARATION and o
welding positions =

Single Vee

Ddee'Vee

e

Single U

t>20mm

"1'- Flat {downhand)
T_'__2 - Horizontal vertical
3 - Vertical
»7_ 4 - Overhead

"~ Welding p05|t|ons

_Single Single J’_
~I~  bevel

-

Edge preparation “~—

=Jhum-nmur.




Welded Connections

d--Where there are faveurable worklng condltrons weldlng is the
“> most economical way to make strong connections. |
--Therefore workshop connectrons are. usuaIIy welded.
_,'*'E:I--Where site connections are necessary- (erectlon) they are
1 usually bolted, but the connections are often prepared in
the workshop wrth weIded pIates etc. necessary fer the

boIted joint.

group

T L~ l ) - Centre. of i_ o ‘ : - By 3
- rotation _ ! i ) A~ ¢
""""" i 7&/ L i~
-Welded ConneCtIDn o) The welds are assumed
between beam and end : tE carry foroel;s propemonal to

pIate. = Eccentrlcally Ioad ed weld froireteng .~

Lap joint

=Jh\ﬁmh

J N



Welded ‘Con nectlons %

TYPES OF WELDS - S
In welded construction for buﬂdmgs approxmately 80% of the welds are
fillet welds and 15% are butt weIds:The remalnlng 5, b are plug, sI@t
‘and spot welds. 2 < A <

1 Butt Welds "~ N N A\
the plate: ‘edges have to be prepared before welding, see the Flgure In
some-eases, if the plate thickness is less than about 5mm edge

preparatlon can be av0|ded see the Figure a. Iy

N N AL rr s rrl T

,‘ B utt joint ':‘:_:-:-, ,-Lf : Tee ']Olnt’
/{a) No edg§~___§feparation -~

% =2 P — Butt Welds with full penetration
{b) Edge preparation |

. TS TR A R P BT




Weldeg Connectlons = - N
A N
: o y: ,ﬁ:_f'
TYPE\S OF WELDS |~ —
pth o T N Throat'
1 Butt Welds & ”tl > ST iekness
';:- ) F'reparatiu?/ N\ Eaﬁgfiétion \:;\
- Sealin Q/E’;ﬁ*\' N
backl_?g run /_,j*:_;

Butt weldsnwmh full
perretratlon

=j"f nayatn=tialiak



Welded Connectlons X
TYPES OF WELDS

2 Flllet Welds

#== Afillet weld isa: weld of %
f"apprOX|mater trlaﬁgular Cross-,~=
section applied to the surface
profile-of the plates. &
»>==-No edge preparation. is
needed. Therefore, fillet welds
are usually cheaper than butt &
Fwelds. T NS

=Tﬂ—m§ihﬁﬂt



Welded Connectlons

TYPES OF WELDS -
2 Flllet Welds

-FiIIet welds that can, be Ia|d ina A~
Y single run are particularly
economic4n the workshop
8mm welds are often possible_
but if_site welding is to be used
this-figure may be reduced e.qg.
__te 6mm. S

St

Corner joint wfifh butt and fillet welds



Welded Connectlons

TYPES OF WELDS -
3 Plug and Slot W_elds

Slot and plug welds, are seldom =
J-used in building structures. pr

' They principally prevent

buckling-or separation of Iapped | /

plates

(a) Slot weld -~

St

{b} Plug weld

=Jmmmﬂlﬂ“



Welded Connectlons

TYPES OF WELDS
4 Spot Welds S

Spot welds are seldom used in
{ building structures. .

" Electrodes

St

=Jh\jlll yath=rialiak



_ Welded Connections
DESCRIPTION OF WELDS
Hoot, “Fa

Toe ::_'_::___Faca




Welded-Connections :
DESCRIPTION OF WELDS




Welded-Connections -

Type:

Symbol

SYMBOLES OF WELDS A
> ¥ Fillet-weld o>
’,::\ v ::\\\- _:\\\(’ _ A ] » P
“ & : : "‘Double fine{ji;é d T;T:’f? -

= o

Type "

Example

Partial._peﬁ’elration
half Y- weld

Mo

~Partial penetration
_ “K weld

g u

A

-

Full penetration

single V butt weld ™|

v, SR

All-around weld 777 |
’/_L /|~ Site weld 3

o

P

—

Full penelrajiqﬁ--

—_

f,’ T

Full penetration’..
single-bevel butt weld

s

/JL
-
j;
’/AL
/ig

A~

P

-

D NN

”

]

- ™
Fon
o

PP

o
o™

=

square butt-weld TN — "
—— TS ~ 4--Full penetration-
A /| double V butt-weld
& b /" | Full penetration
PN N A~ double-bevel butt weld
N A5 .

A
y

——_ SR VA N RIS

ol

~ Partial penetration
¥ weld

-~

/_%
/_L




Welded-Connections :
MECHANICAL PROPERTIES OF MATERIALS
parent metal

The parent metal must: have the weldablllty propertles In accordance

‘with EN 1993-1-1 and EN 10025. Hot-rolled steel grades S235, 5275
1 and S355 are swtable for all weldmg processes. A

Filler mefal

Accordlng to Eurocode 3 the: filler metaI must have mechanlcal
propertles (yield strength; Ultimate: tenS|Ie strength, eIongatlon at failure

and minimum Charpy V-notch energy value) equaI to or better than the
___"\Lalues specified for the steel grade being weIded

| Basis for Weld ‘Calculation | &
For weld design, three fundamental assumptlons are made
Q- The welds are homogeneous and-isotropic: elements.
EI The parts connected by the welds are ngld and their deformatlons
 are negI|g|bIe ; ¢
_.r_l Only nominal stresses due: to external Ioads are con5|dered Effects
¥ of residual stre‘sses stress concentratrons and shape of the welds are

neglected in static de5|gn
PDr=Ghayath-Hallak:




WeIdedConnectlons

BUTI' WELD CALCULATION

1~ ‘Full Penetratlon Butt Welds

_,”.ﬁ_i"..'-For a full penetratlon butt
I weld, calculation-is not

necessé’i"y because the filler  Penetration

metal strength is at Ieast as-
high-as the parent metal -

— Throat

thickness

strength of the weaker- part
~-joined and the throat
" thickness of the weld is equal

7

to the thickness of the plate,

see Figure. Thus the butt

weld may effectively: be 3

regarded simply @s replacmg pa
~the parent materlal )

St

e —— TS TR E N BB



_ Weld_e_df-Connections__ t o

BUTT WELD CALCULATION ° = Tlammac <L

2 Partlal Penetration Butt Welds S oo

Depth. of penetratlon

:--"‘-"'Partlal Penetratlon butt weld
~ considered as a full penetratlon
butt weIc_I_____('_l'-butt welds)

Accordlng to Eurocode 3 Throat -
thickness taken as'minimum depth of
{ ___-"-penetratlon reduced by 3 mm: for

most partial penetration buttwelds
seeFigure

"~ Depth of penetration

e —————— T T A T EH 1

[\



Welded Connections : _\_\;:;;' - k-

FILLET WELD CALCULATION
Two methods are permitted for
the deS|gn of fillet welds:

_{14— the directional méthod, in wh|ch

| the forces, Transmitted by a unit: length

of weld-are resolved into components .

paralleland transverse to the~ g
Longitudinal axis of the weld and .-~ |
normal and transverse te the plane of \ A \~

its throat.

1 2- the simplified method in WhICh
only Iongltudlnal shear |S£on5|dered

Dr=Ghayati=rialiak



[Welded Connections <
FILLET WELD CALCULATION
1- the directional method: % ~
the‘-mechanical properties of the flller metal shaII be compatlble W|th the
parent material propertles - A

r" ﬁ'The effective length-of a fillet weld is < — %
the actual'length less twice the throat : o L2 &l
thickness to allow for the starting and | . . ! [ '

stopping of the weld. It should not be- 4

I
5 =T,
less'than 30mm or less than six times i RN
the throat thickness. When a fillet /> 30 mim
J-weld terminates at the end or edge of ]

short

a plate it should be returned- £> 6a __ y--
continuously rou nd the corner for a & N O
dlstance of twice the leg length. - ,
=Y atg, {gﬁ =/-2a (For poor weldlng at the stop and start
& p05|t|ons of the weld)
| {gﬁ ={ (prowded that the weld is full size throughout its Iength including
starts and terminations- good welding at the stop and start p05|t|ons)

e —— TS TR E N BB



Welded Connections-FILLET WELD CA
1- the directional method
017 ‘F, ./ at isthe normal

LATION-

CF

Lcu

+CF1

o~ 7-_

1 stress perpendicular to S
> the pIane of the throat =
area. AN S g
T{= Fﬂ/a Le IS theM P
+1 /ostress in the plane Of
> the throat area,
transverse to the weId i M
& axis. S
Ty,= Folaly is the shear
T, stress in the plane of 3
“the throat area, N
,' - parallel to the weld
Aaxis. o R} L ol
@, Iisthe normal stress < '
/ O parallel to the weId 02 = 0 the cross sectlon of the weld is very small
// -and has negllglble strength in compatison with the
axis.. ‘| strength of the throat area
Pr=Ghayath-ialiak:



Welded Connections-FILLET WELD CALCULATION-
1- the directional method o Fo = o

_Von Mlses criterion :; the
| equivalent stress g g4'in the

| throat area of the' weld f <527
Oea=VIOTHBT AT [

eq—\/ [0,243(7,2+T1, 1 2)] i
EN 1993-1-8 : 2005 close 4.5.3. 2

| O-quf;/ (ﬁw?’MZ) <
and
01 < 0 91l 7’M2

-fu' IS the uItlmate tensne ’
| strength of the

weaker part Jomed
=Jw..pjj. Hh=Hallak:




Welded Connections-FILLET WELD CALCULATION-

G - Oy

1- the directional method: -~ -
EN 1993-1-8 : 2005 cIosg4.5.3.2 | >
eq\ﬁl/ (ﬂw?’ MZ) 3

and

71< 03 fu/ 7’M2 f | ol

where: - S

,BW |s the correlation factor
according to the
strength of the
weaker parttaken

~7as 0.8 for-S235-and
O 85 for S275and

4 0.90 for S355
a~ is the throat thlckness
A of the weld
Ymz2 = 1.25

=Jaummﬂlﬂ“



Welded-Connections -FILLET WELD CALCULATION-
1- the directional method ot | ,

EN___1.993 1-8 : 2005 cIo§_§:4.5.3.2

laaded by ﬁ)rce paral[el to weld

—————— S e e




Welded-Connections -FILLET WELD CALCULATION-
1- the directional method: -
“full-strength” throat thlcknesses ~
If reference is made to the directional method the de5|gn
re5|stance of a ﬁIIet weld is checked as fo‘rlows

e aeq-x/[al2+3(n T, 14
s | ‘ = \/ [ow2/2+ 3(ow2 [2+0)]

qaw : Ueq = \/_ Ow -— __ j:;-_’i_}-
eq\ ﬁ/ (ﬂwVMZ) VN :"

- Ow 'S 1ol (V2 ,Bw’VMz)

Uw < 0. 9 X/Q ful/ 7M2

| loaded by force perpendicular to ﬁge!d
—————————————— T AR




WeIdedConnectlons -FILLET WELD CALCULATION-
1- the directional method

“full strength” throat thlcknesse's | ~ R o
For double end fillet welds, the above expressed “fuII strength” >
crlterlon writes: Fi};}eudz Fena S 2al g 2 0t [

2a|0we|d—fytl/')’Mo

. __________.The minimum Weld stZe to
il __________:Z____'_"'*-'satlsfy the full strength design
.._-;:; * 47 requirementis therefore
e =’ B3 Fm expressed as e
~ . F 2 = fy t/ [chem 7’M0]
Smce O-weld f w, U, end ﬁj/ (\/_ IBWP}/MZ)_) :

a fy t/[2. fu/(\/2 IBWVMZ) 7’M0] — d —(fy /1y) (:Bw/\/_ (7M2/7’M0)t

S
" -~



Welded Connections -FILLET WELD CALCULATION-
1- the directional method AL
“fuII strength” throat thlcknesses

Full strength AN
| double fillet welds | -

| N/mm’

1 Steel grade f, I, "B'-* _f‘*””‘f

2 £

~~ | N/mm? | N/mm

5235 235 360~ 0.80 | 255 a > D 46, t

278275 275 430 0.85 286 - a>0481
£\ 8355 355 | LS0510 ____._;"'l::'.BD 321 |/ a=055¢t

S420 M 20 A 520 7| 1.00 294 | a2070t

S420N- | 420~ | s550. | 100 | 311 a>068t o

S460 M 460 4 550 100 | 311 | as074t

__..f'éétﬁn N 460 | 580 | 1. 00 | __3'2'-5 _~a=0.70t

Values of 5, and fwuend for steels: accordlng to EN 10025 and mmlmum

~full strength” required weld thickness in-case of double fillet end welds
(plate thlckness smaller than 40 mm;- “Ymo= 1.0and yy, = 1.25)

e —————— T T A T EH 1

IS




Welded-Connections N 7= Ng /A,
FILLET WELD CALCULATION _ C n =V, /A
" Ed / "W

2- Simplified method for deS|gn remstant:e
of flllet weld EN 1993 -1-8 : 2005 close 4.53.3 <

.:- w ea A w,Rd o~ \/(ZT ) (TV 1 + Ty ) < \Eﬂ
- Independent of the orlentatlon of the weld w/m2

N
throat plane to the applied force the design Y e o

resistance per unit Iength W Rd should be “‘*"T A
determmed from: : S

FwRd f\‘/wda

f"w'here 5
| WA is_the deS|gn shear strength of the v _,

Weld =foid™ fu/ (&/3,8W7M2)

f. |sthe ultimate ten5|le strength of the weaker part Jemed

,BW is the correlation factor accordmg to the strength-of the
: weaker part taken as 0.8 for 5235 and 0.85 for

S$275 and 0.90 for S355 /
a is the throat thickness of the weld, 7M2 = 1.25

1L e e e




Welded Connections :

FILLET WELD CALCULATION
Long joints EN 1993- 1 8 : 2005 close 4. 11

In lap joints the de5|gn
| resistance of a fillet' weld
{ should be reduced by
multiplying it by a reduction
factor 43, to allow for the .
effects of non-uniform
distribution of stress along its & Dtess distnbutionin:longweles
‘length. /£ o

| ntap JO'ntS longer than 1502 the reduction factor Bt
Bui=1,2-0 2L /(1505) <mo &

For, ﬁllet welds Ionger than 1,7 metres connectlng transverse stlffeners
|n ‘plated members: £ L |

7 Bua= L1 LW /17 <0, 0_
S LW is the' Iength of the weld (|n metres)
r=Ghayath*Hallak




Welded-Connections ;;{ . | .,.;35;?* =

FILLET WELD CALCUI;ATION A
Angles connected by one Ieg EN 1993 1 8 2005
crose 4.13 S

—  w

(a) equal angle (b) unequal angle

Effective area = gross area . (c) effective area taken as gtoss area
of a smaller. angle '

Effectlve area of weldmg connected angle

— o~



Eccentric connections - o & %
1. The torsion joint with.the 2. The bracket connection
load:in the plgne of thg_;_v\‘;eld ?

I -
Ey "f-"':
~ Bracket connection N

-
! "
| S

Load in p}zme of weld

=Jmmmﬂlﬁk\



e —

Eccentric connections - - &
1. Thg torsion joint with, the load in th€ pIane ef the weld

P

{

S R D (N

Stresses Due{e Shear Force Feq app]‘ ed at the center af'grawty

= Dr=Ghayath:tialiak



Eccentric connections - o NS
1. Thg tbr5|on joint with, the load in the pIane ef the weld

\ P -.-\, "'\:
e mn g v ~ EX —
o T . > )
) € ~ X . o
P Ha
"
-
oy

A =za Lo s "(2b+ h)-2 255, = bz 7 (2b+h) (POOR WELD)
Ly=2ba(h2)*+ ah3/1z\ | . o

Az =2 [a B2+ bak=ys P 1+ahy2

=§;§m§ yath=rialiak



Eccentric connections - .
1. The tor5|on joint with, the load in the plane of the Weld

I\?E:ci"f_e FEd + FEd (K-ys)

1z 1
AT
I

Ay = 'Z-%a l’ﬁ: ; hg = (2b+h) -2 a yG b2 / ( 2b+h) (POOR WELD)
fvw =2ba(h2?+a P12
—2[ab3/12+ ba(k J’G)21+ a/;yG

2 ]05

U= [TMy g (Tlvlz"'TFz)

——— e

vw,d




Eccentric connections - (- -
1. The! torsion joint withr the load in the plane ef the weld

Algernatlve Method

Ed AWZ<

T, = ww,d 7 Wz (h 23) d (_P;,-QBR WELD)

| TFy EdT/ h AWy< vw,d Wy (b 23) G j
—————————————— e e e e




Eccentrrc connections - A =
2. The bracket connectlon ¥ =

Loads perpendicular to weld

—————————————————————————————

¥

el e 0 NS : Bracketw;;l
""'?-‘"'Stress in point 1: <0y = Mggx z,/1,
y =2 (b ay° 212+2 Gt AL Z32+a2 3/12]

Loads perpendlcular to weId .0, & 7, =0; / \F

o, =0, /72 < 2]
Vm2




Eccentrrc connections -
2. The bracket connectlon

"""""

......

: Loads perpendicular to weld

———————————————————————————————

Stress in point 2:

Loads perpendlcular to weld O, =T, -'0' / J2 =«

Loads parallel to weId Ve / AN '

O'e:] = \/ o+ 3(rfJ+r,2, ) = \/ % +3(22 + A

,— ) , 2 [beff 81 Zl +2 Ceff a 23 +32 d 3 /12]

______________

A\N ws 2d a,

Y

VEdJ o
/Bw7/ M 2 VM2

AN



Eccentrrc connections - N F &
2. The bracket connectlon (AIternatlve method) $, D

Loads perpendicular to weld

N —— S &

ny EdT/h AWy< vwd = Wy_2 [(beff 2a )+2(Ceff 231)] al

Tp, = Ed AWz< vwd rAWz_2 (d 232) aZ ,- _,__:;__(_POOR WELD)

1IN




