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Introduction to Welded Joints

Introduction

A welded joint is a permanent joint which is obtained by the fusion of the edges of the two 

parts to be joined together, with or without the application of pressure and a filler material. 

The heat required for the fusion of the material may be obtained by burning of gas (in case of 

gas welding) or by an electric arc (in case of electric arc welding). The latter method is 

extensively used because of greater speed of welding. Welding is extensively used in 

fabrication as an alternative method for casting or forging and as a replacement for bolted and 

riveted joints. It is also used as a repair medium e.g. to reunite metal at a crack, to build up a 

small part that has broken off such as gear tooth or to repair a worn surface such as a bearing 

surface.

Advantages and Disadvantages of Welded Joints over Riveted Joints

Following are the advantages and disadvantages of welded joints over riveted joints.

Advantages

1. The welded structures are usually lighter than riveted structures. This is due to the reason,

that in welding, gussets or other connecting components are not used.

2. The welded joints provide maximum efficiency (may be 100%) which is not possible in

case of riveted joints.

3. Alterations and additions can be easily made in the existing structures.

4. As the welded structure is smooth in appearance, therefore it looks pleasing.

5. In welded connections, the tension members are not weakened as in the case of riveted

joints.

6. A welded joint has a great strength. Often a welded joint has the strength of the parent

metal itself.

7. Sometimes, the members are of such a shape (i.e. circular steel pipes) that they afford

difficulty for riveting. But they can be easily welded.

8. The welding provides very rigid joints. This is in line with the modern trend of providing

rigid frames.

9. It is possible to weld any part of a structure at any point. But riveting requires enough

clearance.

10. The process of welding takes less time than the riveting.

Disadvantages
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1. Since there is an uneven hea

may get distorted or additional st

2. It requires a highly skilled labo

3. Since no provision is kept for

possibility of cracks developing i

4. The inspection of welding wor

Types of Welded Joints

Following two types of welded jo

1. Lap joint or fillet joint, and 2. 

Fig

Lap Joint

The lap joint or the fillet joint 

edges of the plates. The cross-sec

may be

1. Single transverse fillet, 2. Dou

The fillet joints are shown in Fi

the edge of the plate which is not

Butt Joint

The butt joint is obtained by plac

the plate edges do not require b

other hand, if the plate thickness 

groove on both sides.
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.1. Types of Lab and Butt Joints
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g.1. A single transverse fillet joint has the disa
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The butt joints may be

1. Square butt joint, 2. Single V-b

4. Double V-butt joint, and 5. Do

These joints are shown in Fig. 2.

The other type of welded joints a

Basic Weld Symbols
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Fig. 2. Types of Butt joints

butt joint 3. Single U-butt joint,

ouble U-butt joint.

are corner joint, edge joint and T-joint as shown 

Fig. 3. Other types of Joints
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Supplementary Weld Symbols
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Elements of a welding symbol

Elements of a Welding Symbol

A welding symbol consists of the

1. Reference line, 2. Arrow,

3. Basic weld symbols, 4. Dimen

5. Supplementary symbols, 6. Fin

7. Tail, and 8. Specification, proc

Standard Location of Elements

The arrow points to the location

one or both sides of reference lin

1. shows the standard locations o

Fig.1 S

Some of the examples of welding

table.
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l

e following eight elements:

nsions and other data,

nish symbols,

cess or other references.

s of a Welding Symbol

n of weld, the basic symbols with dimensions a

ne. The specification if any is placed in the tail o

of welding symbols represented on drawing.

Standard location of weld symbols.

g symbols represented on drawing are shown in 
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Representation of welding sym
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Contents: Design of Welded Join

Strength of Transverse Fillet W

We have already discussed that t

then welding the edges of the 

strength. Let us consider a single

(b) respectively.

F

The length of each side is known

the hypotenuse from the interse

minimum area of the weld is obt

throat thickness and length of we

Let t = Throat thickness (BD

s = Leg or size of weld,

= Thickness of plate, and

l = Length of weld,

From Fig.2, we find that the thro

Therefore, Minimum area of the 

A

If t is the allowable tensile stres

single fillet weld,

P = Throat area × Allowa

And tensile strength of the joint f

P = 2 
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nts

Welded Joints

the fillet or lap joint is obtained by overlapping t

plates. The transverse fillet welds are designe

e and double transverse fillet welds as shown in 

Fig.1 Transverse fillet welds.

n as leg or size of the weld and the perpendicul

ection of legs (i.e. BD) is known as throat th

tained at the throat BD, which is given by the p

eld.

D),

d

oat thickness,

t = s × sin 45° = 0.707 s

weld or throat area,

A = Throat thickness × Length of weld

= t × l = 0.707 s × l

ss for the weld metal, then the tensile strength o

able tensile stress = 0.707 s × l × t

for double fillet weld,

× 0.707 s × l × t = 1.414 s × l × t
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Note: Since the weld is weaker 

is given a reinforcement which m

Strength of Parallel Fillet Weld

The parallel fillet welded joints 

fillet welded joint as shown in F

that the minimum area of weld or

If  is the allowable shear stress

single parallel fillet weld,

P = Throat are

And shear strength of the joint fo

P = 2 

Notes: 1. If there is a combinat

shown in Fig. (b), then the stren

transverse and double parallel fil

P = 

Where l1 is normally the width o

2. In order to allow for starting 

length of each weld obtained by 

3. For reinforced fillet welds, the

Problem:

A plate 100 mm wide and 10 mm

parallel fillets. The plates are su

the permissible shear stress in the

Lecture Notes – 31 

than the plate due to slag and blow holes, there

may be taken as 10% of the plate thickness.

ded Joints

are designed for shear strength. Consider a do

Fig.3 (a). We have already discussed in the pre

r the throat area,

A = 0.707 s × l

s for the weld metal, then the shear strength of

a × Allowable shear stress = 0.707 s × l × 

or double parallel fillet weld,

× 0.707 × s × l ×  = 1.414 s × l × 

Fig.3

tion of single transverse and double parallel f

ngth of the joint is given by the sum of streng

llet welds. Mathematically,

0.707s × l1 × t + 1.414 s × l2 × 

f the plate.

and stopping of the bead, 12.5 mm should be

the above expression.

e throat dimension may be taken as 0.85 t.

m thick is to be welded to another plate by me

ubjected to a static load of 80 kN. Find the leng

e weld does not exceed 55 MPa.

Unit-3

efore the weld 

ouble parallel 

evious article, 

f the joint for 

fillet welds as 

gths of single 

e added to the 

ans of double 

gth of weld if 



Design of Machine Members-I

Strength of Butt Joints

The butt joints are designed for t
shown in Fig. 4(a).

In case of butt joint, the length o

equal to thickness of plates. Therefor

joint),

Where l = Length of weld. It is g

double-V butt joint as shown in F

Where t1 = Throat thickness at th
t2 = Throat thickness at th
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ension or compression. Consider a single V-butt

Fig.4. Butt Joints

of leg or size of weld is equal to the throat thick

re, Tensile strength of the butt joint (single-V o

P = t × l × 1

generally equal to the width of plate. And tensil

Fig. 4(b) is given by

P = (t1 + t2) l × t

he top, and
he bottom.
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kness which is
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le strength for 
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It may be noted that size of the weld should be greater than the thickness of the plate, but it 

may be less. The following table shows recommended minimum size of the welds.

Stresses for Welded Joints

The stresses in welded joints are difficult to determine because of the variable and 

unpredictable parameters like homogenuity of the weld metal, thermal stresses in the welds, 

changes of physical properties due to high rate of cooling etc. The stresses are obtained, on 

the following assumptions:

1. The load is distributed uniformly along the entire length of the weld, and

2. The stress is spread uniformly over its effective section.

The following table shows the stresses for welded joints for joining ferrous metals with mild

steel electrode under steady and fatigue or reversed load.

Stress Concentration Factor for Welded Joints

The reinforcement provided to the weld produces stress concentration at the junction of the

weld and the parent metal. When the parts are subjected to fatigue loading, the stress 

concentration factors should be taken into account.
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Problem:

A plate 100 mm wide and 12.5 m
fillet welds. The plates are subje
the maximum stress does not exc
then under fatigue loading.

Problem:

A plate 75 mm wide and 12.5 

another plate by a single trans

parallel fillet weld as shown in F

and shear stresses are 70 MPa 

Find the length of each parallel

subjected to both static and fatigu
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mm thick is to be welded to another plate by mea
ected to a load of 50 kN. Find the length of the
ceed 56 MPa. Consider the joint first under stati

mm thick is joined with 

sverse weld and a double 

Fig. The maximum tensile 

and 56 MPa respectively.

l fillet weld, if the joint is

ue loading. 
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Contents: Special fillet welded jo

Special Cases of Fillet Welded 

The following cases of fillet weld

1. Circular fillet weld subject

circular rod connected to a rigi

shown in Fig. 1.

Let d = Diameter of rod,

r = Radius of rod,

T = Torque acting on the 

s = Size (or leg) of weld,

t = Throat thickness,

J = Polar moment of inertia of th

We know that shear stress for the

This shear stress occurs in a ho

shear occurs on the throat of wel

Length of throat, t = s sin 45° = 

2. Circular fillet weld subjec

Consider a circular rod connecte

weld as shown in Fig.2.

Let d = Diameter of rod,

M = Bending moment act

s = Size (or leg) of weld,

t = Throat thickness,
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oints

Joints

ded joints are important from the subject point o

ted to torsion. Consider a 

id plate by a fillet weld as 

rod,

he Fig. 1. Circular fillet weld subjected

e material,

orizontal plane along a leg of the fillet weld. T

d which is inclined at 45° to the horizontal plane

0.707 s and maximum shear stress,

cted to bending moment.

ed to a rigid plate by a fillet 

ting on the rod,

Fig.2.Circular fillet weld subjected to Bend
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of view.
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The maximum 
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Z = Section modulus of the weld section

We know that the bending stress

This bending stress occurs in a horizontal plane along a leg of the fillet weld. The maximum 

bending stress occurs on the throat of the weld which is inclined at 45° to the horizontal 

plane.

Length of throat, t = s sin 45° = 0.707 s and maximum bending stress,

3. Long fillet weld subjected to torsion. Consider a vertical plate attached to a horizontal

plate by two identical fillet welds as shown in Fig.3.

Let T = Torque acting on the vertical plate,

l = Length of weld,

s = Size (or leg) of weld,

t = Throat thickness, and

J = Polar moment of inertia of the weld section

It may be noted that the effect of the applied torque is to rotate the vertical plate about the Z-

axis through its mid point. This rotation is resisted by shearing stresses developed between 

two fillet welds and the horizontal plate. It is assumed that these horizontal shearing stresses 

vary from zero at the Z-axis and maximum at the ends of the plate. This variation of shearing 

stress is analogous to the variation of normal stress over the depth (l) of a beam subjected to 

pure bending.

Therefore, Shear stress,
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The maximum shear stress occurs at the throat and is given by
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Contents: Unsymmetrical welded

Axially Loaded Unsymmetrica

Sometimes unsymmetrical sectio

flange edges are loaded axially a

proportioned in such a way that 

axis is zero. Consider an angle se

Let la = Length of weld at the top

lb = Length of weld at the bottom

l = Total length of weld = la + lb

P = Axial load,

a = Distance of top weld from gr

b = Distance of bottom weld from

f = Resistance offered by the wel

Fig.  Axiall

Moment of the top weld about gr

And moment of the bottom weld

Since the sum of the moments of

We know that l =

From equations (i) and (ii), we h
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d joints

l WeldedSections

ons such as angles, channels, T-sections etc., w

as shown in Fig. In such cases, the lengths of w

the sum of resisting moments of the welds abo

ection as shown in Fig.

p,

m,

ravity axis,

m gravity axis, and

ld per unit length.

ly loaded unsymmetrical welded section

ravity axis

= la × f × a

d about gravity axis

= lb × f × b

f the weld about the gravity axis must be zero, th

la × f × a – lb × f × b = 0

or la × a = lb × b ...(i)

= la + lb ...(ii)

ave

Unit-3
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weld should be 
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herefore,
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Eccentrically Loaded Welded J

An eccentric load may be impos

the joint may be of different natu

depending upon the nature o

simultaneously present in a joint

Maximum normal stress,

And Maximum shear stress,

Where b = Bending stress, and

 = Shear stress.

When the stresses are of the sam

We shall now discuss the two cas

Case 1

Consider a T-joint fixed at one 

shown in Fig. 1

Let s = Size of weld,

l = Length of weld, and

t = Throat thickness.

The joint will be subjected to the

1. Direct shear stress due to the s

2. Bending stress due to the bend

We know that area at the throat,

A = T

= t × l × 

= 2 × 0.707 s × l =

Shear stress in the weld (assumin
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Joints

sed on welded joints in many ways. The stresse

ure or of the same nature. The induced stresses 

of stresses. When the shear and bending 

(see case 1), then maximum stresses are as follo

Fig.1. Eccentrically loaded w

e nature, these may be combined vectorially (se

ses of eccentric loading as follows:

end and subjected to an eccentric load P at a 

e following two types of stresses:

shear force P acting at the welds, and

ding moment P × e.

Throat thickness × Length of weld

2 = 2 t × l ... (For double fillet weld)

= 1.414 s × l ... (since, t = s cos 45° = 0.707 s)

ng uniformly distributed),

Unit-3

es induced on 

are combined 

stresses are 

ows:

welded joint

e case 2).

distance e as 
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Section modulus of the weld met

Bending moment, M = P × e

We know that the maximum norm

And maximum shear stress,

Case 2

When a welded joint is loaded ec

stresses are induced:

1. Direct or primary shear stress,

2. Shear stress due to turning mo

Fig.2 
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tal through the throat,

mal stress,

ccentrically as shown in Fig.2, the following tw

 and

oment.

eccentrically loaded welded joint.

Unit-3

wo types of the 
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Let P = Eccentric load,

e = Eccentricity i.e. perp

centre of gravity (G) of th

l = Length of single weld

s = Size or leg of weld, an

t = Throat thickness.

Let two loads P1 and P2 (each e

weld system. The effect of load 

be uniform over the entire weld

moment of magnitude P × e whi

the weld system. Due to the turni

We know that the direct or prima

Since the shear stress produced

proportional to its radial distanc

proportional to AG (r2) and is in

Where 2 is the shear stress at 

distance r. Consider a small secti

Shear force on this small section

And turning moment of this shea

Total turning moment over the w
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pendicular distance between the line of action

he throat section or fillets,

d,

nd

equal to P) are introduced at the centre of grav

P1 = P is to produce direct shear stress which 

d length. The effect of load P2 = P is to produ

ich tends of rotate the joint about the centre of 

ing moment, secondary shear stress is induced.

ary shear stress,

d due to the turning moment (T = P × e) at a

ce from G, therefore stress due to P × e at th

 a direction at right angles to AG. In other word

the maximum distance (r2) and  is the shear 

ion of the weld having area dA at a distance r fro

=  × dA

ar force about G,

whole weld area,

Unit-3

n of load and 

vity ‘G' of the 
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uce a turning 

gravity ‘G' of 

any section is 

he point A is 

ds,

stress at any 
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Where J = Polar moment of inertia of the throat area about G.

�Shear stress due to the turning moment i.e. secondary shear stress,

In order to find the resultant stress, the primary and secondary shear stresses are combined

vectorially.

Resultant shear stress at A,
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Problem:

A welded joint as shown in Fig. 

of weld, if the maximum shear st

Problem:

A bracket carrying a load of 15 k
required if the allowable shear st
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10.24, is subjected to an eccentric load of 2 kN.

tress in the weld is 25 MPa.

kN is to be welded as shown in Fig. Find the size
tress is not to exceed 80 MPa.
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. Find the size 

e of weld 
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