Welded Connections
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introduction
* Inwelded connections, Ihe two slruclural members are jolned by a weld,

¢ Ttis the compactness and greater rigidily ol the welded joints lhat offer design assumptions lo be
realized more precisely in praclice,

Advantagas of weldad joints over olhier jolnts:

{a) Welded joints olfer mare eﬂ‘icie‘m use of malerials and it is due la welding only thal we are abls o

have one piece conslruclion,

{b) Welding helps in spegding’up the erection and construclion process thereby compressing the
produclionschedules.

(€) Welding offers light weight construction and thus culs cosls of construction. Connecting slaal
plales are raduced or elimlnaled thereby reducing the self-weight of the struclure,

{d) n walding, no deduclions for holes are made and thus whole of the gross seclion is effective in
carrying the load.

{e) Welded joinls perform betler in case ol laligue loads, impact loads and vibrations.

{f) Welding alfers complata freedom Lo architects and the engineers lar their designs.

3.2 Types of Welded Joints

+ Depending on(he lype of weld, welded joints can be classified as:
{a) Filletweld (D) Bullorgroove weld
{d) Slolweld {8} Spolweld )

{c} Plugweld

= Depanding on position, welded joints can be classified as:
{a) Flalweld (n) Horizonalweld
(d) QOverheadweld i

(c) Verlical weld

» Depending on Ihe lype of joint, welded joints can be classilied as:
(a) Bullor grocve weld {b) Lapweld
(d) Comnérweld
All the above lypes ol welds are shown in Fig. 3.1,

(c) Teeweld
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Flg. 3.2 Different 1ypes of ult {groove) welds

Groove/bult welds require edge preparation and thus are coslly. Single V, U, J etc. bull welds are

cheaper to form bul reguire double the weld metal than double grooved joints.
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FilletWeld

«  Fllist weld is provided when two metal surfaces to b2 joined are in cfifferent planes. Fillet welds are
'mere common thal butt welds.

+ Fillel welds are easy 10 make, require less material preparation and are easier to Tit than the bull
welds.

»  However, fof a given amount of weld material, they are nol strong and cause greater conceniralion
,of stress. ;

 Inlightly loaded structures where stifiness rather than sirangth is the governing design factar and
{aligue or brilllefracture is not a problem, there fillet welds are more economical.

Butt Weid

" Bull walds are belter in highly stressed structures where smooth flow of stress is a necessity. if

butt joint has the same characteristics as that of the parenl meial, is flushed smooth on both sides
wilh the parent metals and has complele penetration with noumseld zones then bult joint approaches
{he condition of no joint at all-and for most common types of parent melals, bull joint may have
impact and fatigue resistance equal ta or belter than thatof the parent melal.



323 SlotandPlugWeld . g (b} Incomplate penetrallon: It is the (ailure of the weld metal to penetrate complelely the depth of the

» Siotand plug welds ara usedo supplemant or rzinforee the fiifat walds when the required length of joint. This detect normally occurs with single V and bevel joints and also because ol large sized
the fillel weld cannot be prokided. electrodes.
* The problem with thase lypés of wald is that ihay are difficuil '0 inspect and penelration of thase {c) Poroslty: lLocours due 10 gas of void packels entvapped in the weld while cooling. This results in
welds cannot be ascerlained. slress concentration and reduced ductility of the metal. Normally porosily is not a problem because
such voids are spherical in shape which altovrs a smoath llow of siress around the void without any
3.3 Weld Symbo[s significant loss in strength. These are caused due to the presence ol moisture in the electrodes,
hydrogen present in the steel and excessive amounl of efectric current.
Table 3.1 Weld sysnbols . . ) o
! {d) Slag Inclusion: These are metal oxides and other solid compounds which are often found as
o e e B e by B e elongated or globular inclusigns thal are being lighter than tha molten material and these float ang
Flllat Soam | Seot | Plog fv‘::: rise to the weld surface from where these are removed alter cooling of the weld. Bul excessive rapid
Square] ¥ | Bovet] U 13 T aovatean | e f:oornng ol the weld may cause' themn 1o gel entrapped in the weld which poses a problem especially
bmad | broadmol | with in vertical and overhead welding.
ool face faco ralsed ’ .
i adges (e) Cracks: Cracks canba hot or cold. Hol cracks occur dua ta the presence of sulphur, carbon, silicon
NIV V¥ VIV oy Y I £ O mM ® and hydrogén in tha wald malat. Phosphorous and hydrogen trapped in lhe hollow spaces of the
oW St ; - - ~ melal slructure give rise to the formation of colg cracks. Prehealing of the metals to be welded

eliminates the cracks formalion.

-
Fiax (usually finished flush] Olher sida .,% E % {f) Underculting: It is the local decrease in lhe thicknoess of the parant metal at the weld loe. This
i 5 ] 3 é % = oceurs due lo excessive currant of very jong arc, An undercut rasults in the loss ol gross seclion
Comvax — and in facl acts like & noich.
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. - it i 3.5 Inspection of Welds
Concave 6 mm fitot wold sunk finish
N”’ 5Q mem wuld longth and ) ) . .
Amowskioy  {00mmnowoidlength .~ Joinl {a} Magnelic partlcls method: In this method of veeld Inspeclion, iron fillings are spread ovar Lhe weld

and are then subjected to an alectric current. The fillings form a palterns which are interpreted 10
locate the surface cracks.

{b) Dya penetration method: This method helps in eslimating the depth of crack. A dye is applied
aver lhe weld surface and surplus dya is removed. A dye absorber is placed over the weld which

kR S — ‘?_ oozes the dye thus giving an idea about the depth of crack.
q P - {c) Ultrasonlc malhod: In 1his method, ultrasonic sound waves are sent through the weld. Presence of
Roslsm incorplee . delects like llaws, blow holes elc. allect tha time of lravel of wave ransmission thereby idenlilying
] '

the defect.
: {d) Radiography: in this method, X rays and gamma rays are used to locale (he delecis. This method
is used in bull wélds anly and cannot be used for fillet welds because Ihe parent material vill also
form part o thé prajecled piclure.

3.4 Weld Defects

3.6 Assumptions in the Analysis of Welded Joints

{a) The welds connecling (he various parls ol a slruclure are homogeneous, isolropic and efastic
Fig. 3.3 Somecommon weld defects clements.

(a) Incomplele [usion: IL is the lailure of the base {or parenl) metal to gel completely fused with the (b) The parts connected with the weld arc rigid and their doformations are ignored.

weld metal. This delect occuts because of rapid welding and also because of foreign materials on {c} Onlythestresses due e external loads are considered. Effect of residualsiress, siress concenlration
the surfaces lo be welded. ! and shape ol the welds are neglecled.



3.7 Butt (or Groove} Welds

3.7

Specifications for the Design of ButtWeld o

A square bult weld is provided for seclions up 10 8 mm thickness only.

For sections wilh thickness grealer than 8 mm, a single U, V or doubls U, V etc. butl welds arg
pravided.

Butt weld Is mainly designed for direct compressian or
1enslon and occaslonally for shear also.

The advanlage v+th bull wald is that it involves no change in
seclion al the jocation of joint and is thus (he mast preferred
lype of weld,

Fusion zono
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Flg. 3.8Atyplealbutt weld

{a} Size: The size of (he butt weld is specified by the throat dimension also called as effective throal

thickness. The bult welds can be of partial penetration or of full penetration.
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{b} Partlal porolsabon gronve welds
Fig. 3.5 Portial ond complete penetvation of butt welds

Butt weld wilh parlial penelralion is generally not preferred.

Onthe alher hand. it is quile difficult to have complele penetralion in case ot single U, V. J or beval
welds. Infacl, incomplete penelration is lhe (ailure of base metal and the weld melal to get lused at
the rool as shown in Fig. 3.5(k). Incomplete penelralion causes siress concentration under the
leads and may causc shrinkage cracks. This problem is overcome by using Ihe backup sirips as
shown in Fig. 3.5 (a).

Complete penalralion is easily achieved in case of double tJ, V., J and beve! welds.

«

Remember

$

In case of complele penetralion of buit v;élq. the otfective throat Lhickness is equal lo the
thickness of the thinnar member joinled. However, in case full panetration of bull weld cannol
be ascertained, there (he elfective lhroal thickness is laken as 7/8" of the thickness of lhe
thinner member joinled. But for sirenglh calcutation purpose, the effeclive throal thickness is
assumed 10 be 5/8™ of the thickness of the (hinner mamber jointed,

(b} Etfective Area: The elfective areaof a bult weld is the product of effective throat ihickness and the
elfective length of the butt weld.

{c) Relnforcemant: lisdiflicull for welder 1o mzke a weld flush with the parani metal and thus extra
metal gels depositad.

« This exlra weld metal makas the throat thickness al least 10% greater than the thickness of 1he
welded material.

« Reinforcement increases the efficiency of the butt weld and il also ensures thal the weld depthis at
leas! equal lo the plate thickness.

«  Any remforqefpenl on the weld is noi aken into account for strength calculation purpose.

. Remlorce’menl fhakes the butt weld stronger for the stalic loads. However in case of vibrating and
dynamic Madgifiress concentration occurs in the reinforcement leading to early failure of the weld.
Thus at sucmcanons reinlorcement is undesirable and weld is made llush with the parent metal.

+ Inany case. reinforcement should riol excead 3mm.

3,72 Design Strength of ButtWeld
« The design strength of buti weld either in tension or compression Is governed by the smatier of the
yigld strengih of weld or the parent melal and is given by,

Il to

T

= 39

Yoo
fo= Srnauer of the yield strenglh of the weld (4.} and lha parent melat U,} {in N/mm?}
(« Effeclive length of the weld (in mm)

t, = Effecliva throat thickness of the weld (in mm}

t,, = Partial faclor of salety for weld

1.25 for shop welding

1,5 for siteflield welding

]
where

u

»  The design strength of fitlet wald in shear is also governed by vield and is given by.

{ofel
prifwta

! oy = _—Tm L{3.2)
i : by i,

vhee = Smaller of shear yield strength of weld ‘\!75‘ and tha parent metal ;rg

¥,y = Partial lactor of safety for welg
{,.= Yiold $lress of ihe weld (in Nimm?)

37.3 Procedure for the Design of Butt Weld

Step-1.For the case of comnplete panelration of oult weld, there is no need {o have design calcutalions as
strength of tie weld at the joint is equal to the strength of the member connected.

Slep-2§ For the case of partial penetration of bull weld, the effective throat thickness is computed as
described above and required effective length is determined in order lo have strength of the weld equal to the
sirength of the member connecled.

Step-3.The design strength of the bult weld is compuled as per Eq. (3.1},




3.8 Fillet Weld Maxlmum size of fillet weld = Thicknass of thinner member 1o be jointed ~ 1.5 mm
s This weld is required where Inspociar bellovos inspecior can 500
i this Is of ploto
members ovetlap each othef or ' : ’ s:: s ovenh edgacf plat
‘ or lovos ha
the gonnecling membersarein ¢ — et wold throat _ Inspacior knows he has
T this weid throat
different planes, In such cages | ;r . - e
butt weld cannot be provided, Carvar Corcvo Yaro : Digran ofve
* Filler weld is predominafiy b o> } B
subjecled lo shear siresses; Fig. 3.6 Different typesof fiftet weld : s ,.;dd
« Fillel weld can either ba conyex of concave as per requueme!ﬁt {Flg. 3.6), Fig.3.8 Ph):si calexamination of fillet weld
= Fromappearance point of view, concave lillet weld appears & ‘bz Jarger inlength (han convex filfey , :
weld bul actually concave filfel weid has less penetration and smaller throat thickness, Thus convex ¢ Whenfillet weld is applied to seclions Yable 3.2 Minlmum size of fillet weld
filtet weld is sironger even with less deposited metal. Convex tillet weld shrinks on cooling and thus wilh reunded loes, there the maximum
stresses induced on cuter (ace are compression, : size of the flllet weld should not Thicknose of thicker momber Binf )ﬂxn
*  When cancave filelweld cools, Ihe ouler surface Is siressed i tension. Ths, cracks get developed exceed 75% (or 3/4 } of the (Ouerimm) | Uploandincludiog (nm) e
inconcave lillet welds on Coﬁhﬂg thickness of lha section at the loe. 0 10 3
+  Concave filtel walds are made in more than one pass, the first pass being sfightly convex and = The minimum size af fillst weld is 10 2 s
subsequent passes are buill up 1o form concave fitat weld. Concave (iilet welds are more suilable specitied by IS 800 and is given in # s o
under repetilive type of siresses. Tablo 3.2. Thase are he minimum 3z 0 8 far brst aun, 10
381 S h sizes for the first run In order o avald cracking.
- pecifications for t eDeSIgf“ of Flilet Wel‘dl L . . . The minimum size of the fillst weld is specified so as lo hava adequate heating lo expand the thicker
{a) sze:-'l'?_xe leg lengih of the fillel weld specilies iis size. Thus size of a fillet weld can be defined as base matal, If a very smal! welg is provided on a lhick base metal then heal generaled in deposiling the small
the minimum leg length of Tillet weid. size weld may not be sulficient enotgh Lo expand the thicker base metal, Moreover, as lhe weld cools. il lries lo
« Theleg length is the dislance fram ool 1o 10 of ths fillel weld and is measured by (he largest coniract but is prevanted from doing 5o by the hicker base meta) resulling in induced siresses in the weld

metal. The minimum slze of the wetd must not excead the thickness of the thinner membaer Jointed and
also must not ba less than 3 mm (Cl. 10.5.2.3 of IS 800:2007).

inscribed right angle iriangle within the weld. Bul (his inscribad triangle within the weld oflen gives
different or unequal sides of the Iriangle. |

« Thus the above definition of sizc of the fillel weld is modmea‘ as tha largest inscribed isosceles
friangle within the weld. This definition gives equal legs ol the fillel weld, :
Fusion zona -

Increased olfedive
throat = 1.262 w

Added weld
metal

Iacroased ffodive
throat = 1.262 1t

g —i

Addod wold
[ \: .
! """—2‘” ’i !“!f‘

{b) Tiweat increasod by 28% | .,
Arenincroasod by 100%

T e |
—1.262 ¢ —~

" {c) Thrant Increased by 26%
§ 4 arpninerensed by 59%

— te |

)
Fig. 3,7 Size of Filler Weld

« Incase where unequal lengths of the fillet weld are unavoidable, there Lhe size of the fillet weld is
specilied by giving both leg lengths.

s The maximum size of fillat weld is a function of thickness of thinner member to be joinled {jus! like
in bultweld). This limit on maximum size ol fillel weld avoids over-stressing lhe adjacenl meial
and also helps 10 examing physically Ihat the desired throat thickness has bean attained (Fig. 3.8).

(b) Effective throal thickness: ILis the shorles! distance from
the root of fillet weld 1o the hypotenuses of the inscribed

right (riangle within the weld (Fig. 3.9). o
* In any case. the ellective throat thickness should not be
less 1han 3 mm and should not exceed 0.7( ur 1.0f under .,
cerlain siluations, where 'I' is the thickness of the thinner o asp
et

member jointed.
Rool

¢ Thus, Elfective throat thickness = K x Size of fillet weld = KS

where S=Siza o[elhe weld,
K = Conslant thal depends on the angle between he
joining ((uéicn) surfaces and is given in Table 3.3 and
afso in Table 22 of IS 800:2007.

Table 3.3 Constant K for different joining surface angles

Anglo botweon the
Jolning (huslon) | 60°-80° | 91°-100° | 101°-106" { 107°-413° | f14°-120°
surfaces
.S 0.70 0.0s 0.60 a.55 0.50

Fig. 3.9 Typlcal cross-sectional
dimensions of a filfet weld

NOTE: For angles less than 60° and more than 120°, fillel weld is not recommended.



{(c) Effective length

* Effective length of fillet weld = Actual length of weld - 25
End rewm
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« Deduction of 2Sis made lo give due allowance lo the [ormalion of cralers al the ends of the welded
lenglh. )

« In order lo relisve ends of wald length from high strass concentrations, often end relurns are
provided of size equal 1o lwice the size of the weld {Flg. 3.11).

NOTE Tho actual lengih of the weld must not be fess than four times Ihe size of the weldi.e, *4s”. This {
oy minimum lenglh is specilied because however experienceda walderis, a slight tapering c‘:fte'ﬁlf
 ocours atthe start and end of the weld lengih. For longitudinal filiet weld where weld fs para]le!'.-j
1o the actual line of siress and are placed al the edges ol the plate, Ihere & high level of slriass;;'z
concentration occurs at the plate edges. Thus the length of lengiludinal fillet weld must nol be >
less than widlh of (he plate. Moreover the non-ynilormity in stress distripulion magnilies asthe’
width of plate increases. For Lhis reason, the normal distance batwaen the longiludinal fillet .
welds is Frmited to 16 imes the Lhickness of thinner plate joinled. If plate is wider than this limit

then sltat or plug weld is provided. Longiludinal fillel weld in siol has lhe seme strength as thal
of ordinary longiludinal filter weld.

« Incase e length of welded joint of a splice or end connection in compression or tension element |
exceeds 150 timas the throat size of \he weld then reduction in Ihe strength of weld is done
(Cl. 10.5.7.3 of IS 80D:2007). But in case of llange lo web connections where full lengih ofthaveld .
is loaded. no reduction in sirength is made. .

«  Thus lof long welded jaints, the design capacity of Iho weid is reduced by a (actor as given below:

0.2/,
1501,

b= 12- 3 0.1 .(3.3)

where 1 = iengh of welded idinlin the direction of torce Iransfer
1, = Size of \nreat of 1he: veeld ’
(d) Effective area:
Eitective area ol litet weld = Elfective lenglh x Effeclive throal thickness

(e) Overlap; The overlap of the plates to be joined by fillet weld should net be less than four imes the
thickness ol thinner member to be joined or 40 mm whichever is greater (Flg. 3.12).

Fig. 3.12 Overlapforfillet weldedjoint

(U] Trensverge'sbé;cmg: In case end of an element is connected only by paraliel longiludinal fillet
welds, lhigar_igth of the wald along eilher edge should not ba less than the transverse spacing
belween 111 Mitudinal welds.

(g} Packing: When a packing of thickness less than & mm is welded belween the lwamembers then it
must be trimmed flush with the edges of the slement.

= The size of the weld faf such cases, is increaséd along the edges over lhe reguired size by an
amounl equal o thickness of the packing. Else the packing is exiended beyond the edges and is
fillel welded to the pieces between which il is filted.

382 Deslgn Strength of FilletWeld ‘
« the design siress in a fillet weld is given by,

fon
ha= T 3.4

where - £ = Nomlnal strength of fillet weld = j"-S-

un
» Tha design strength of a filfet weld is a function of throat area and is given by,
s,

f
Pup= Bty = [ KG—t— .43.5}
o« “ KH g “ Vg"!m

vhere I, = Elfeclive length ol the fillet weld {in mm}
{, = Throat hickness of filtet weld (in mm)
8 = Size of the fillel weld (in mm)
f, = Lesser of ullimate sirength of weld or the parentmetal {in Nfmm?)
P, = Design sirength of weld (in N)
Yy = Partial factor of satety ior weld
= 1.25 for shop welding
i = 1.5 for silefiield welding
383 Procedure for the Design of Fillet Weld
A lilet weld may be subjecled to any general type of siress i.e. axialjdirect siress (tensile or compressive),
llexural siress (tension or compression) and shear siressas but the design of {illet weld Is governed by shear
stressas since a lillel weld always gets fall In shear.
Step-1.The size of the fillet weld (S) is assumed 1o be {forehand based on the Ihickness of the members
to be jointed,




Step-2.An cqual legged fillet welc ;els [ait al an angle of 45° tirough the throat. The strength of the
weld is compuled from Eq. (3.5).  *

Step-3.Force to be ransmitted by the joint is either known of is estimated.

Stap-4,The elfective langth of the weld is worked 5.4 by dividing lhe factored fdrce by the sirengih
the weld par unit {usually mm} length. The reculting weld lengthis adjusied either by providing longiludinal ifig
welds {parallet 1o the force} of fransvelse filt weld (norma 1o the force) in combination with longitudinal fifg
weld. Itis assumed that both the welds are stressed equaliy. It required tength of the weld axceeds 150 4 haq
design capacily of Ihe weld is reduced by 12 factar B, 85 definad by Eq. (3.3).

Step-5.11 only longitudinal filidh welct is provided fhen length cf gach Iongnludmal lilel weld must ba
more than the perpendicular distance belwzen tham,

Step-6.Al each end of the lcnﬁiiudina! fillal weld, end refurns of langth 28 are provided.

1 Asshovmif Fig. 3. 13 it isassumed lha!.,trenglhof fongiludinal and iransverse ﬂllalweld !
is the same. Bul i reality, transverse filet weld is slressed more unlformly along the 3

N lengtbthan the longitudina! fillat weld
and thus sirength gl vansverse fiitst
weld is about 30% more than the
fongitudinal filet weld.

2. Inorder fo have unitormity In the .
: destgneihng‘h:dma! and transverse

. fillet welds, the additional strength of

~ - transverse fillet weld {i.¢, about 30%)

is ignored in design.

-NOTE

’

5
B

Loogilueinal Fltel wold Transverso Filet Wold

- Flg. 3.13Langludinaland transverse fillet veld

3.9 Fillet Weld when Applied to Edge of 4 Section
s Fillelweld when providad at (he square edgas of the sections lo be jointed, the specified siza of lhe
wald must ba al least 1.5 mm less than the edge thicknass.
s Filtet weld when applied to rounded toe of a seclion then the specilied size of the weld should nat
exceed 75% (or 3/4} of the thickness of the section al the toe (Fig. 3.14),

o
1.5mm ] i;ﬁﬂ fied ~ ;_
i £ i

(o) L] ]‘#1\\
Fig.3.14 Fllterweld on square edge andround toeofaseman
¢ Where the specified siza of the fillet weld is such that the pafenl mela! will not project beyond the
weld, then nomelting of outer covers is allowed to occur (o such an exient so as to reduca the throal
thickness (Fig. 3.18).
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(a) Dosirable (bjAccaplabla because {¢) Nat accoptablo becavse of

of full thuoat thickness reduced thtoat thickness
Flg. 3.15 Full size filletweld applied to edge of section

« The end fillel veld normal to 1he direcltion of force should
pe of unequal size with lhroat thickness nol Jess than
0.5t where ‘¢ Is 1hickness as shown in Flg. 3.16. The
difference in thicknass of the weld is profiled at a unilorm

slope.

L }/
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3.10 Intermittent Fillet Weld

« Inlarmitient fillel weld is ptowded to lransmil the
calculaled stress across a joinl when the strenglh of
weld required is less than thal developed by a continuous
fillet wald of the smallest praclical size.

+ The fillet weld longth required is compuled as il itis a
continuous fillet weld but 2 chain of intermitlent (illet
welds of 1otal length equal to the compuled length wilh
spacing as per IS provisions is provided.

»  Staggered intermiltent fillet weld (Fig. 3.17 {a)} is beller than chain intermittent lillel weld (Flg,
3.17 (9))

e 1=

{n) Stnggared
Fig, 3,17 Two different ways of providing Intermittent filfer wefd

Force

Flg. 3.16 End fillet weld normol to the
direction of force

(b} Chaln

3.10.1 Factors Influencing the Use of Intermittent Fillet Weld
{a) Unless lhe fillet weld is of small size, intermiltent filtel welds are nol economical. A small size lillet
weld of longer lenglh is more economical than an intermiltent fillet weld of same strength because
sirength ol filler weld is lineatly relaled o weld size but weighl of weld varies as square of weld
size.
(b) In case of aulomatic welding, the welding has lo be continuous.
{c) Incase of dynamic and repelitive lype of loads, continuaus Mlel weld is more prelerable.

3.102 Procedure for the Design of Intermittent Fillet Weld

Step-1.The size of thé weld is assumed belorehand and effective length of weld required is computed.

Step-2. Intermittent fitlel weld should have a minimum eflective length of four times the weld size and in
any cace should not be less than 40 mm (except plale girders).

Slep-3.The clear spacing between the intermittent {ille2 weld must not be grealer than 12! for cornpression

_and 18t far tension and must not exceed 200 mm in any case, where ' is the thickness of the thinner member

being jointed.

Step-4.AL lhe ends, longitudinal intermiltent fillet weld should be of length of al least equal to widih af
the member or otherwise ransverse welds should be provided. If transverse fillel welds are providedalong wilh
longitudinal intermitlent fillel welds, then the 1otal weld tengih al the ends must not be less than the wice the
widlh of tha member,



3.11 Slot and Plug Weld
v Siotand plug welds are used to tie (wo parls logether.
»  Theyacilitate lo reduce he unsupporied lenglh of \he cover plate in compression.

»  They are also used for shear ransmission,
» They are generally used at localions where filtel welding is not possible but slot or plug welding is

possible.
r:;‘;‘:mm::l.___j
\ — T T
O e
Flg.3.18Slotweld Flg. 3.19Plugweld

{Fillerweld arouna hole clrcumlerence) (E"nrfre hole isfiliedwith weld material}

. Sloz and plugweld must nm be used where tensionis tobe transmltted since lensile resislance
depen ds mainly on deg ree of penetra lion of weld which is qmte not cerlaln in sIOI of plug weld,.
: '-SIot and plug weld pose d»mculty in inspection and Ihus many deslgners do not prerersIoLm
) plug wald. These wetds appear quile lmlched from me surlace bul olten contains voids.

3.11.1 Specifications forthe Design of Slot and Plug Weld
{a) Widthor diameter of slot/plug weld must nol beless than 3t and also 25 mm where tis the thickness
of plala containing lhe hote or the slot.
{b) Clear distanca betwesn le halss should be 2 21 and also 2 25 mm.
{c) Correr radius in slotted hole shouldbe 2 1.5 and alsoz 12 mm.

3.12 Combination of Stresses
» Combination of strasses in fillst wald: Fillet weld when subjecled 1o avial stress (/;) (due 10
compression, lension, and flexure) and shear stress {q), (hen the equivalent stress {f,} is given by.

[ o= +397 ;..._f_'__.

¢ ‘[5 o oy

"« Combinalion of siresses in bult weld: In case of bult wald, the check {or combination of stresses

..{3.6)

is not required if:

{a) bultwelds are axially loaded g

(b) in single and double bevel bull weld, the summation of normal and shear slresscs does nol
exceed the design narmal sress and also the shear stress does not exceed 50% of the design
shear stress.

-

* Combinad bsaring, flexure and shear siress: Under the most unfavourable condition of loading
whereln the bearing slress {f,) is required (o be combined with flexure stress, (£, {tension or
compression) and shear stress {g), the equivalent siress {/,} is given by,

. f= .jfg +1, 2415, +3g° S Strength values of the parent melal 37

3.13 Weld Failure

Failure of bull weld: In siluations where butt weld is reinforced on both the s:des of the plate then the
seclion p1ssmg ihrough the weld gets enhanced so much that tailure
does not occur at the weld.seciron bul at some distance away irom the
vield saction as showh in FIQ 3.20,
¢ This mcréqigﬂsecnon acts as a supporting rib which
checks the hecking formaticn in the immedials vicinity of i
the bult weld, t e
« \When lhe bull weld is made flush with the surface of the i 3.2
e ’ f - Flg.3.20Fallureofreinfa
joining plate then the localion of the racture depends on g reedbuttueld
the relalive strength ol the parent metal and the weld metal. !

In case lhe lensile strength or the yield strength of the
weld melal is lower than that of parent melal, then fracture
{i.e.ailure plane)'passe_s thraugh the cenlerof theweldas | [
shovminFlg. 3.21. -, ' \‘

* Incase the tensile strength and the yleld strengih of the ’
weld metal are grealer than the parent metal then failure

Fig. 3.21 Faiture of unrelnforced

plane is lecated away from the weld in the plale. {ushed) butrweld
MUY e -
L 1 1} | | > 3
-
(0}
Lino of Line of
{ tractre ¢ fractus

®) l
@
) i
Ling.of B ! linoef +
fraclyt ‘_."' fracture / Lineof
l‘ - -..{ 7\ -{ < fracture

() )
Fig.3.22 Fracture positioninend filletweld



Failure of end fillet weld
*  Whenthe fillst weld.is sub;ec’lﬂﬁ 1o shear alsa in 2:dilion Lo 1ersion then the failure position of tha

traclure planewill depend onthi retative magnitudes of shear and tensile forces as shownin Fig. 3. 22(c}.
Whenthe two legs of the fillet detd wre unequal then the failure plane passes nearer lothe sharler leg
asshowninFig. 3.22(d). * ’ '

When lensile strength of the aueld metal is much grealer than 2 parent malal then in such cases
fillel weld remains intact as 4 rigid body and gets pulled out < ihe parant metal as shown in Flg.
3.22{(s). After a small amountol deformation, failue of fulet weir occurs suddenty,

Fallure of sids fillet weld

-

Incase of side fillel weld subjecled o shear forces along the ‘ﬁ id, lailure occurs through the throat
01 the wald. ?
‘This failure plane takes off Iasm
procecds further.

Uniike failure of and fillet weld, tailure of side filizl weld Is gradual and an appreciable amounl of
delomation of fillet and often of thiz parent metal Lakas place before the finat fraclure.

he 1oe ol the filiat we!d al ene or bolh the ends of the weld and

: l Fracturo
\‘?i

€ :
Flg.3.23 Fracture position in side fittet weld i

3.14 Advantages of Fillet Wté*ld over Butt Weld

(@)
o)
&

Vesing and finishing cperatiéhs are nol required 1n case ol illet wald.

Butt welds posses’s higher residual siresses.

Whils joining the members with bull weld, Ihe joining members are {abricated slighlly longer than
required and then cut emclly!o have a proper fit of the member. Obviously this is quile uneconomical.

3.15 Comparison between Welded Joints and Bolted/Riveted Joints

SNo.| mam Woeldad Joint Bolted/Rivatod Jeint
1. | E Y Mora leal sinco splica plates and Dua to ad ungnmm: maternls, spilce
fivolbofl materials aro climinaled. Loss plates, il is nol 58 much economical. Mara
tabourisrequired labour! " dformakingiho tlon,
i n i
Z. | Swongth | Moro rigid dug fo conlinuity of the section al Less rlgid duo to discontinuity of the secton ot
thajelat. tha jaint. Thus nddlllanal covar platos,
w4 angles aro rogy
3. | Easa Vary casy even lo [oin lubular soclions. Jolning of lubular seellons s gitficull
4. | Conlimity | Duo to fusion of the metal pleces, a This Is not 5o hera in this connection.
- continubus staclurais sblamed.
5 | A Alterations can bed dlhease. Alleralions ara dilicult

|

|

6. | Timo Less lime © mequired for making the Mare Ume s ragquirad lor making the
conhecton connection.

7. | Nokso Silant procoss. A farge noise ks produced.

8. | Join Less delofing of joints In drwings are More detafiing ot jolnisin drrwings ore required.

dotulling required.

9. | Effidency | Mora efficiont. Loss officient.

30, | Aller effedt | pug to heal genorated in welding process, Possibiliy of distortion of members ks notthero.
jeinlng members may dislort

v

11, | Faolure Possibifity of brittla faitura & mara In woided Usually briitie fallure does not accur.
foints. :

12 | Inspecion | Oifficuit to Inspoct tho welded jomL Easy loInspoct the bottodrivat joinl.

13. | Skl A skill persanned |5 requinod, Nolsa much skiled porsonnel rogquired. '

Nlustrative Examples |

Two plates of thickness 16 mm and 14mm are requited 1o be jolned by a butt
{groove) wald. The plates are subjected 1o a {actorad tenslle force of 400 kN. The effective weld length
is limited 1o 180 mm. Check whelher the joint Is safe It in following cases? (Assume !y= 250 N/mm?)
{a) Single Vbutl wald Is provided {b) Double Vbutt weld |s providad
Solution:
(a) Singla V butt weld

1Emm

For the case of single ¥ bull weld. complale penelration of weld cannot be ensured and thus
incomplete penelration of weld takes place.

=~ Elfeclive throal thickness,

x Thickness of thinner member

(e R0

L=

5 .
gx‘ld = 8.75 mm

For shop weld, partial faclor of safelyy = 1.25
Effective length of wald,
1, =180mm

25?) N = 315 KN < 400 kN

Strengthof weld, T, = ¢4, b 180xB.75x
fn’w

Thus strength of weld < factored Iensite force -
= Single Vbull weld provided is nol adequate and is unsafe.




i 4 ranm e o -

{b) Double Vbutt weld
16 mm 1-;Tnln’\‘
4.

Fo the case of double Vbull weld, complete penetralion of we!d can be ensured.
. Effeclive lhroat thickness, I, = Thickness of thinner member being jointed = 14 mm

Effective lengthofweld, £, = 180mm
f 250
o =
Strength ol weld, T, = I.Jn-?m 180x14% = N
= 504 kN 1 E
> 400kN ’

Thus strength of weld > faclored tensile force
—~ Double Vbull weld provided is adequate and is sale.

A channel section is required to be welded to a 10mm thick gusset plate. The
channiel is required to carry a factored tensile load of 750 kN. The overlap of channel sectian on
gusset plale s limited o 280 mm. Walding Is to be done at site. Uslng Fed 10 steel, designihe weld, The
channal section used is ISMC 250 @ 298 N/m,

Safutlon:

For steel of grade Fed 10, f,= 410 Nfmm?, £, = 250 Njmm?
Partial factor of satety tor material for site welding, ¥, = 1.5
For ISMC 250 @ 298 N/m,

Cross-section area, A = 3867 mm? Overall depth, 1 = 250 mm
Width ol {lange, b, = 80mm Thickness of flange, 1, = 141 mm
Thickness ol web, [=71mm
Lel provide side of weld = Smm
. Elfeciive throat thicknass of wald (1} = kS \ﬁ,m
=07 %5=35mm

The design sirenglh of weld is given by. 20 mm_y

lyldy :

Pml = :E—T{‘;: § ISMC 250

-, Sirenglh of weld per mm lengtb .

1x35%410
= Nfrom = 552.33 Nfmm
Fxls I : /

Thus for a lactored wensile load of 750 kN, tength ol veeld required
750x ‘IOO(_)_

But overalap himiled on gusset = 260 mm .
Here, longth available forweld= 250 + 2 » 280 = 810 mm
) < 1357.8Bmm

Shortage of weld length = 1357.88-810 = 547.88mm
Thus s!qt walding has lo be provided

3, = =
Wldlhols!ol:Max.o{[ w=3x7.1 21.3n'm=

25rmm

25nm
= Provide two slols of width 25 mm
Let { = Tength of slol weld required

4l + 2 x 280 + 250 2 1357.83
= { 2 B0.3% mm = 85 mm {say}
-, Provide a slo length of 85 mm

P
(IR
: LS

25mm

250 rom

&

2

i
i

\

8 There is a steel circular pipe of diameter 110 mm and 8 mm thickness which
Is required to be shop’#f!!ed to a 14 mm thick plats. The pipe carries a verticel factored load of 4.2 kN
al a distance of 1.2 m from the welded joint and a factored twist of 1.4 kNm. Using steel of grade Fed10
design the weld. )

Examp]eé.B' .

Solution:
For steel of grade Fed 13, f, = 410 Nfmm?
fy = 250 Nimm?
Partial faclor of salety for material for shop welding,
Yo = 125
] Faclored load{P) = 4.2kN
Bending moment due lo factored foad (M)

= 4.2 x 1.2 = 5,04 kNm
Faclored twisting moment(7) = 1.4 kNm

! . 42N

14
. e

{ :
12m N\ (4km

Ip= 2= 2x {55 1 mm?

Polar moment of incriia of weld,

Now =1,
i Il + ]_r = ]p
I
= : 1, = -2 =x{s5)° mm*
i, P 4.2 x 1000
Shear stress due Lo direct oad = —— o — 2, 210 2
T iq1) o 25(55}? Nfmm® = = Nimm

Shear stress due 1o twisting momeni (g} = —| - |=

1= e\2) 2(55°
ﬁ(g)_ 504 10°
\2/ (551

M(D\‘ 1.4%10%x55 2

Normal stress due to bending morment (£,) = %55 Niom?



Resultant shear siress {q) = Jqf + @ = (551:1' J

.t
T

38.15162 + (231.405)° =

21(:0';1(1‘“10%55

2n(55)°

234.5
nt

Now combined siress due to normal siress {f,) and 2hear siress (¢} is given by

PYCI "I
f = J 43 s

o |
i -
5.04x 105 %55 3(23453)
= - — N
: ={65)°t n!
-5y Y
: < Tai-‘;;;;ﬁ 189.37 Nirmm?
: %125 ,
= —\(1668.12)° +3(z34.53)" < 18937
= t22.88mm
- Size of weld (S) = 6%:%’8;=4.11mm-6 mm {¢zy)

.. Provide 6 mm fillel wald all around tha 1ube.

]2

An ISA 90 x 60 x 8 mm of sizs! of grade Fa410 |s connected i¢ & 12 mm

Solution:
For steel of grade Fe410, /, = 410 Nimm?, £, = 250 H: am?
-.-Factored load is not given

i

- Welded conneclion can lransmit a maximum lorca equal to design strenglh of weld.

Partial jactor of safety for malerial resislance governed by yield, 1,4 = 1.1
For ISA90 x 60 x 8,

c,
Gross area, A = 1137 mm? i AU N
; T =

C, = 296mm : PN

Crr’ 148mm é A P ) 2/‘1 2
Designtensile skeangth of member governed 8 :
by gross-section yielding, : | S ) &

CHEU Y § -

ALl
T.= .5
5" Yo

_ 1137x250

R

gussei plate and Is used as atenslon member. Deslgn the wald if weld is to be provided on upper and
lower edges of connacted fag only.

G0 nm

258.41kN
Let force resisted by upper portion 1, = P,

258.41C,,

29.6

= 2 = 25841 —— =04.99 kN
90

90
Force resistad by lower portion. [, = £,

_ 258410-C,,)  25841(20-296)

kN = 173.42 kN

R0
Alternatively £, can also ba determinad as

%0

P, = 258.41 - P, = 258.41-84.99 = 173.42kN

Let size of weld, S= 6mm

~ Throal thickness, f=075=07%x6=42mm
Lengih of weld /, has 1o resist a force of P,
I/
P = It—=
TN
0439 % 1000 1(4.2)410 AssUminG shop el 5
= 99 x = -—-——ng"‘es {Assuming shop weld so thal ¢, = 1.25)
= ' 1, = 106.85 mm = 110.mm (say}
Similarly length of weld 1, has (o resist a force of P,
' Lf,
P
2 = ngfm 110 mm
732x 1000 - 2210 s A
= A TR = T Bx12s §
= i, = 218.04mm 220 mm
) =~ 220 mm {say}

w in example 3.4, Il welding can be done on three sldes of the angle then design

the weld as shown in figure balow.

Solution:
From above question,

Ty, = 25847 kN

.

Let weld size{S) = 6 rnm
Throal size {§) = 0.78

=07%x86=42mm

Per mm srength of weldT,, = (1x1) b
anﬂ'

~ 1x4.2%410

— N
V3x1.25

= 795.36 Nfmm



_ Equaling strengih of weld 1o taclored load,
{1, +1,+90)795.36 = 258.41 x 1000
= i, +1, = 234.89mm i)
‘Taking moment about lower cdge ol weld lenglh /,,
Ty Cor = T d) (90)
= 258.41%1000% 206 = 78536 x /, x90
1, = 106.65 mm = 108 mm (say)
{, = 234.80-1, = 234 .89 ~ 106.85 = 128,04 mm = 130 mm (say)

it = kL ot et

A double angle sectian ISA 80 x 60 x 8 mm s welded on opposite side of &
12 mm mik gussel plale. f the mamber is requirad 1o ¢arTY & factarad tenshe load of 280 kKN with long
side of angle weldad to gussel. dasign the site welded fillet weld. Use steel of grede Fed10.

Solution:

o
12 om
For steol ol grade Fed10,  f, = 410 Njmm?, {, = 250 Nfmm?
Partial Tactor of salety Tor sile velding v, = 1.5
Jolal tength of weld = 2, + 15}
Let size of weld (S) = 6mm
- Throal thickness of veld (1) = 0.7 » G=4.2mm
f, 410

N/mm= 662.8 Mfmm

Per mm sirenglh of weld (Td“),—,(btf] 7 =(1x4.2)x T
mw

Factored tensile load (P} = 280N
Thus egualing strength of weld o factored tenslis load

662.8 (1, + 1) % 2 = 280 1000
= Iy + 1, =211.22mm
ForISAS0x60x 8

. C,, =29.6mm
Taking momant about botiom weld length,
PC,, = T,(1,)90x2

S 280%1000x23.6
= CUTY A Togaxsona o™
N 1,=211.22-1, = 14175 mm
Thus provide , = 70mmand {, = 145 mm

The tie member of a raof truss Is having the section 2 ISA100 x 100 x B. The
anglss are connacted on elther side of a 10 mm thick gusse! plate. The tie member carries 3 tension of

320 kN under working condilions. Assuming shop welding, design the welded joint. (Take Fe410 stee!).
Solution: :

Faclored load (P} = 1.5 x 320 = 480 kN
Weld thickness

(i} Atlhe rounded tog of angle section, the weld thickness # i—x Thickness

= -j—xB =6 mm
(1) Also at top. weld thickness # - 1.5=8-15=85mm
~—
b1 =




sy
Thus provide weld size (S} = emm
480
" Fattoted load carried by each angleu‘ === _; = 240 kN
Throal lhickness of weld (1)) = 9 75=07x6=4%0 am

\ fi y where, f, "
Designsuengﬂmfwe!dﬂ,ﬁ)m,,l,,;—; =75

410 ;
= 1 {4, 2}1 5 | \
P41,
"’;' y 2 410
= 2407:1000 :'1 (;, ﬁ)-ig
= l.“- 1?4 2mm
For {SA 100 x 1CO % &, C, C = 27.6mm
Let, L, -, Langm of top weld

- L, = Lengih of bollomv.aid

L+l _1?df.mm
Equating moments about the ceﬂfre of gravity of the seclion
£,(27.6) 21,1{100-27.6)

e = 1,25 f0r shop weld

L

- (1742-L,)27.6 5 1,(72.4)

= 4807.92-27.6L, 27241,

= L, =48.0792mm c.

L 3T7a2-L, P05t 1 RO S, g
=1742-480792 :
= 126.1208mm

Provide L, ="12.7 mm

and L‘, = 48mm

250 mm widih (or 100% alficiency. (Take f, = 250 MPa)
Agf, 250x10%250 h,
Sirenginof plate = 2% = === =568. 1Ny
Tno - e
Minimum weld size = 5mm aa

Maximum weld size = 10- 1.5=85mm
- Let Bmmfiliet weld is provided.

- Ellective length of (ransverse) fillel weld ¢} = {250 -2 x 8) = 234 mm

- Effective throal thickness of weld {f,) = 3.7 x 8=5.6mm

!
- Design strength of {iransverse} lilet weld = Iwzo{“—(‘é’-)-—— =234(5.6)—=

L

Thus design strength of {transverse) fillet weld < Strength ol plate

Design a fillet walded joint 1¢ jain two plaies each cI thicknass 10 mm and

xv-— x 2 = 496,30 kN

= Slot welds are required.

‘Slof welds are required to resist a lorce = (568,18 - 496.30) = 71.88 kN

i,
Strangth of slot weld = =
V3
. 71.88x1000
Area ol slol weld required = 18937

== 189.37 Nfmm?

=379.57 mm? = 380 mm2

Thus provide 2 slol welds of size 15 mm x 15 mm each
<. Total area of slol weld provided = 2 x (15 x 15) = 450 mm? > 380 mm? {OK)

g ** Objective’ Brain Teasers.

In slot welding, tho lwo plates are

{a) required to be butt against each other
{b) required lo be on one another

(c) required to be next to each ather

{d) required lo be al 60" o each olher

The equivalent stress in fillet weld subjecled to
notmal strass (f,) and shear stress (g) is given
by,
(@

2

12 4.° () J12+4q?
() JrZ+aq? (@ JaZ+q?

The design nominal sirength of fiifel weld is given
by,

f}'
) B (o) 1,
f, ) f,
). 3 . {d) 2
I the lengh of the weld is lhen

design capacily of weld is
{a) less than 60¢, reduced !
{b} morethan 1501, increased
(c) lessthan 16, increased
(d) more than 150¢, reduced

For which of the lollowing types of weld, the
design shear siress is same as Ihal of fillel veld?
 Bullweld
(i) Stotweld
{iil} Plug weld

QOf the above, lhe correcl ones are:
{a) {i)and(iii} () (i} and (iii)
(©) ()and (i) (d) (i), tii) and (i)

In the cross section of a fillet weld, the throat
thickness is the:

{8) Maximum dimension

(b) Average dimension

{c} Minimum dimension

(d} Minimum of the two leg lenglhs

Which of the following weld is specilied by

penetralion deplh?
(@) Bultweld (b) Fillet weld
{c} Stotweld (d) Plug weld

The effective length of Ihe fillet weld is given by:
(a) lotalweld fength

(b) lotal weld length less twice the throal size
(c} total weld length fess weld size

(d) totalweld length less twice the weld size

The praminent mode of failure in litel weld is:
{a) Compression (b) Shear
{c} Tension (d) Flexure

Q.10 Aslar as reinforcement in bult weld is concerned

then wiich of the following statemeni(s) s (are)

correct?

(a) 1t 15 not laken inlo accounl in design
calculations,

{b) It enhances (he joint efficiency.

{c) It should not exceed 3 mm.

{d) All of the above



Q.11 End raturns in fillet weld are provided to avoid
{a) Failure of weld due to non uniform siress
disiribution in the weld
{o) Cost ol weld reinforcement
{c} Loase grip of connecling members
(d) All ol the above

Q.12 Small sizad fillet welds are pralerred over farge

sized filler weld since

{a) Small sized fillel welds loak belter

{b) Smalisized liled welds are easy o labricate

(c) Small sized fillet welds are more latigue
resistant

{d) For the sama strength, volume of material
required ler small sized weld is much {ess
shan lhe large sized weld

.13 \Which o the following types ol weld olfer more
gradual llow of siress?
{a) Concavewave
{c) Both(a}and(b)

{b) Convexseld
{d) Nefther (a) nor (b}

Q.14 Which of the following stalement is correct?

(a) Longiludinal filetweld is mare efficient than

ransversa fillet weld due to more uniform
siress distribution in jongitudinal fillet weld

{b) Transverse fillelwaldis easy lo mode al salc

{c) Longitudinal filiet weld can be made faster
then ransverse (illel weld

{d) Transverse lillet wald has more efficiency
\han longitudinal fillet weld due 1o more
uniform stress distribution in ransverse lillet
weld

Q.15 )i 's" is the size of fifet wetd then size of end

return should be
(@) s b) 2s
(d) 4s

Q.1 A295mmwide plate 12 mm thick is connected
with 8 mm fillet weld. Determine the lengih (L) of
{he plate required 1o ransmit & tensite {orce of
280 &N as shawn in prob. lig. 3.1

-

Q.16 End relurns are pravided
{a) torelieve ends of the weld [rom high stress
concentralion
{b} todistribule the slress uniformly
{c} 1o make the joinl efficient
{d) All of the above

Q.17 The minimum tength of weld musi not be less

than
{a) 4s {L) 25
{c) 6s (d) Bs

where s =size of weld.

Q.18 The minimum iength of weld is specilied
{a} toaccount for heat evolution during welding
process
{b) to make the joint rigid
{c) to make the joint semi rigid
{d) to account for slight lapering &l slart and
end of weld lenglh

Q.18 Minimurm size of fillet weld is taken as
T (@) 5mm {b) 3mm
{c} 6mm (d) 10mm

Q.20 Strengihof transverse lillet weld is aboul
than jongiludinal fillst weld.

(a) 30% less {b) 40% less

{c) 20% more {d) 30% more
Answars - RS
1, {by 2. {c) 3. (a) 4. 1d)  5.(p)
6 (c) 7. {(a 8B.(d & {p) 10.{d)
11, (a) 12. (d) 13. (a} 14. {d) 15.(b)
16. {a) 17. {a) 18. {d) 19. (b) 20. (d)

(Al dimension In mm)

Q2 AnISAB0%50x 10is required to be connected
lo 12 mm thick gussel plate, Dasign (he [illal
weld to carry a force equal to sirength of the
mesmber.

Q3 Inprob. fig. 3.2, he size of the weld is 5 mm.
Delgrmine the maximum service 'ead that can
be applied on this member.

" iapg

ISA 100 % 100 % 10

Q4 Two12mmihick MS plate are joinedin wdrkéhap :

through (i) single V-butt weld, {if) double V-buit
weld. The effeclive length of the weld is 255
mm. Delermine the designstrenglh of the weided
foint. .

Q.5 Designaliletweldiojoint 21ISA 110 x 110 x 10
10 14 mm ihick gusset plate lo carry a factored
tensile load of 385 &N,

Determing the maximum lorce thal can be
{ransmitted through the jolnt as shown in prob.
fig. 33.

Q6

6 mm fliol wold

Q.7 Dstermine the slrénglh {per mm} of 8 mm fillst

wield when dong In (1) shop and (i} site.



