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Chapter-2 

DESIGN OF FASTENING ELEMENTS 
Fasteners: It is a Mechanical Joints which is used to become a fixed / attaches to something or  
holds something in place. 
The Fastenings may be classified into the following two groups:  

1. The Permanent Fastenings are those fastenings which cannot be disassembled without 
destroying the connecting components. Examples: Welded joint, Rivet joint.  

2. The Temporary or Detachable Fastenings are those fastenings which can be disassembled 
without destroying the connecting components. 
Examples:  1.Thread Joints  
                         a. Bolted Joints  
                         b. Screws Joints  
                     2. Keys  
                     3. Coupling 
                     4. Pins Joints  
                         a. Cotters Joints  
                         b. Knuckle Joints  
                     5. Pipe Joints 
 

Welded joint: 
Welding can be defined as a process of joining metallic parts by heating to a suitable temperature with or 
without the application of pressure.  
Welding is an economical and efficient method for obtaining a permanent joint of metallic parts. 
Two distinct application of welding  

1. Can be used as a substitute for a riveted joint  
2. Welded structure as an alternative method for casting or forging. 

 
Welding advantages over riveting: 

 

Welded joint Rivet joint 

Due to no additional parts except melting of filler rods, 
welded joints are lighter in weight. 
Welded steel structures are lighter than the 
corresponding iron castings by 50% and steel castings 
by 30% 

Requires cover plates, gusset plates, straps, clip angles 
and large number of rivets which increases the weight 

Cost is lesser due to no additional components used Cost is higher due to usage of additional components 
listed above 

Alterations and additions of the design of welded 
assemblies can be easily and economically modified 

Alterations and additions of design of riveted 
assemblies are not easier and economically changed 

Production time is less Production time is higher 

Welding does not create stress concentration due to 
lack of drilling holes. 

Holes are drilled to accommodate the rivets. The holes 
reduces the cross-sectional area of the members and 
result in stress concentration. 

Strength of weld is higher. Strength of weld is more 
than the strength of the plates that are joined together. 

Strength of rivets are not high as that of weld joints. 

Machine components of certain shapes such as circular 
steel pipe can easily be constructed by welding. 

Machine components of certain shapes such as circular 
steel pipe , find difficulty in riveting 

 
 



Disadvantages of welding:  
1. The capacity of weld structures to damp vibrations is poor  
2. Welding results in a thermal distortion of the parts, there by inducing residual stresses. 
3. In many cases, stress-relieving heat treatment is required to relieve residual Stresses.  
4. The quality and strength of the welded joint depend upon the skill of the welder. It is difficult to   

control the quality when a number of welders are involved. 
5. The inspection of the welded joint is more specialized and costly compared with the inspection of 

riveted or cast structures 
 

Eccentrically Loaded Welded Joints 

 

Figure. Bending Stress due to Eccentricity 

In many cases the welded joints are eccentrically loaded. Different stresses may get induced depending upon 
the type of joint and loading. if the stresses are of same nature , those may be vectorially added  but for those 
of different nature, resultant maximum tensile and shear stresses may be calculated. Depending upon the type 
of joint, eccentricity may lead to bending stress or torsional shear stress in the joint in addition to the direct 

shear stress induced by applied load.  

Eccentricity leading to Bending Stress: 
Consider a T-joint subjected to loading as shown in figure.  
             Let s and l be the size and length of the weld and t be the throat thickness. 
                          Throat area = A = 2. t. l 

This applied load may be considered as a load P directly acting on the joint through the CG and a bending 
moment of magnitude P.e acting on the joint. 1st one will lead to direct shear stress and the 2nd will lead to a 
bending stress. 
Direct Shear Stress,  

     
and  Bending Stress,  

 

       



where  y = distance of the point on the weld from the neutral axis 

            I = Moment of inertia of the weld section 

Maximum tensile and shear stress may be calculated as: 

  

and  

 
Eccentricity Leading to Torsional Shear Stress: 
 

 
 

Figure. Shear Stress due to Eccentricity 

Let us consider a double parallel fillet weld subjected to an eccentric load P acting at a distance e from the CG 
of the welds as shown in Figure. 

Eccentric force P may be considered as a force P acting on the CG of the joint and a torque equivalent to Pe 
acting on the joint. The force P through the CG leads to direct shear stress, called primary shear stress and is 
assumed to be uniformly distributed over the throat area of all welds. The torque Pe causes torsional shear 
stress called secondary shear stress. 

Primary Shear Stress,  

 
And, Secondary Shear Stress,  

 

where  r = distance of the point on the weld from the CG 
            J = Polar moment of inertia of the weld section 
           r  is calculated from the geometry for the farthest point of the weld from the CG.    
 



 

 
 
 

 



Q.2.  A rectangular cross-section bar is welded to a support by means of fillet welds as shown in figure. 
Determine the size of the welds, if the permissible shear stress in the weld is limited to 75 MPa. 

 
 
 



Riveted joint: 
The rivets are used to make permanent fastening between the two or more plates such as in structural work, 
ship building, bridges, tanks and boiler shells. The riveted joints are widely used for joining light metals. A rivet 
is a short cylindrical bar with a head integral to it. The cylindrical portion of the rivet is called shank or body and 
lower portion of shank is known as tail. 
 
 
Methods of Riveting 
 
The function of rivets in a joint is to make a connection that has strength and tightness. The strength is 
necessary to prevent failure of the joint. The tightness is necessary in order to contribute to strength and to 
prevent leakage as in a boiler or in a ship hull (The frame or body of ship). 
 
When two plates are to be fastened together by a rivet as shows below, the holes in the plates are punched 
and reamed or drilled. Punching is the cheapest method and is used for relatively thin plates and in structural 
work. Since punching injures the material around the hole, therefore drilling is used in most pressure-vessel 
work. 

 
Material of Rivets: 
 

The material of the rivets must be tough and ductile. They are usually made of steel (low carbon steel or 
nickel steel), brass, aluminum or copper, but when strength and a fluid tight joint is the main 
consideration, then the steel rivets are used. The rivets for general purposes shall be manufactured from 
steel conforming to the following Indian Standards: 

 

1. IS: 1148–1982 (Reaffirmed 1992) – Specification for hot rolled rivet bars (up to 40 mm 
diameter) for structural purposes; or 

2. IS: 1149–1982 (Reaffirmed 1992) – Specification for high tensile steel rivet bars for structural 
purposes. 

3. The rivets for boiler work shall be manufactured from material conforming to IS: 1990 – 1973 
(Reaffirmed 1992) – Specification for steel rivets and stay bars for boilers. 

 
 
 

 
 
 



Manufacture of Rivets 
The rivets may be made either by cold heading or by hot forging. 
 

• If rivets are made by the cold heading process, they heat treated so that the stresses set up in the 
cold heading process are eliminated. 

• If they are made by hot forging process, care shall be taken to see that the finished rivets cool 
gradually. 

Note: when the diameter of rivet is 12 mm or less generally cold riveting is adopted. 
Types of Rivets: 

1. Button Head 
2. Counter sunk Head 

3. Oval counter Head 
4. Pan Head 
5. Conical Head 

Types of Riveted Joints 

1. According to purpose 

2. According to position of plates connected 

3. According to arrangement of rivets 
1. According to purpose: 

a) Strong Joints: In these Joints strength is the only criterion. 
Eg: Beams, Trusses and Machine Joints. 

b) Tight joints: These joints provide strength as well as are leak proof 
against low pressure. 
Eg: Reservoir, Containers and tanks. 

c) Strong-Tight Joints: These are the joints applied in boilers and pressure 
vessels and ensure both strength and leak proofness. 

2. According to position of plates: 

• Lap Joint: A lap joint is that in which one plate overlaps the other and the two plates are then 
riveted together. 

• Butt Joint: A butt joint is that in which the main plates are touching each other and a cover 
plate (i.e. Strap) is placed either on one side or on both sides of the main plates. The cover 
plate is then riveted together with the main plates. Butt joints are of the following two types: 

a. In a single strap butt joint, the edges of the main plates butt against each other and 
only one cover plate is placed on one side of the main plates and then riveted 
together. 

b. In a double strap butt joint, the edges of the main plates butt against each other and 
two cover plates are placed on both sides of the main plates and then riveted 
together. 

3. According to arrangement of rivets: 

a. A single riveted joint is that in which there is a single row of rivets in a lap joint 
as shown in Fig. and there is a single row of rivets on each side in a butt joint. 

 
 

b. A double riveted joint is that in which there are two rows of rivets in a lap joint 
as shown in Fig. and there are two rows of rivets on each side in a butt joint. 



 

 

Important terms of Riveted joints: 

1. Pitch (p): The Distance between two adjacent rivet holes in a row. 

2. Back pitch (Pb): The Distance between two adjacent rows of rivets. 

3. Diagonal pitch(Pd): The smallest distance between centers of two rivet holes in adjacent rows        of 
ZIG-Zag riveted joints. 

4. Margin (m): It is the distance between center of a rivet hole and nearest edge of the plate. 

Modes of Failures of a Riveted Joint 

 
1. Tearing of the plate at the section 

weakened by holes: Due to the tensile 
stresses in the main plates, the main 
plate or cover plates may tear off across 
a row of rivets as shown in Fig. In such 
cases, we consider only one pitch length 
of the plate, since every rivet is 
responsible for that much length of the 
plate only. 

The resistance offered by the plate against tearing is known as tearing resistance or tearing strength or tearing 
value of the plate. 

 
     Let, p = Pitch of the rivets, 

d = Diameter of the rivet hole,  
t = Thickness of the plate, and 
σt = Permissible tensile stress for the plate material. 

We know that tearing area per pitch length, 
At = (p – d) t 



 Tearing resistance or pull required to tear off the plate per pitch length, 
                                                      Pt = At. σt = (p – d) t. σt 

When the tearing resistance (Pt) is greater than the applied load (P) per pitch length, then this type of failure 
will not occur. 

2. Shearing of the rivets:  
The plates which are connected by the rivets exert 
tensile stress on the rivets, and if the rivets are 
unable to resist the stress, they are sheared off as 
shown in Fig. 
It may be noted that the rivets are in single shear 
in a lap joint and in a single cover butt joint, as 
shown in Fig. 
 
But the rivets are in double shear in a double cover 
butt joint as shown in Fig. The resistance offered by a 
rivet to be sheared off is known as shearing 
resistance or shearing strength or shearing value of 

the rivet. 
 
 

 

Let d = Diameter of the rivet hole, 
τ = Safe permissible shear stress for the rivet material,  

                        n = Number of rivets per pitch length. 
 
 
 
 
 

We know that shearing area, 
As = (π/4) × d2                         ... (In single shear) 

                                                           = 2 × (π/4) × d2                      ... (Theoretically, in double shear) 

 

 



Shearing resistance required to shear off the rivet per pitch length, 

Ps = n × (π/4) × d2 × τ         ...(In single shear) 

     = n × 2 × (π/4) × d2 × τ   ...(Theoretically, in double shear) 
When the shearing resistance (Ps) is greater than the applied load (P) per pitch length, then this type of 
failure will occur. 

3. Crushing of the plate or rivets: Sometimes, the rivets do not actually shear off under the tensile 
stress, but are crushed as shown in Fig. Due to this, the rivet hole becomes of an oval shape and 
hence the joint becomes loose. The failure of rivets in such a manner is also known as bearing 
failure. The area which resists this action is the projected area of the hole or rivet on diametral 
plane. 

 

The resistance offered by a rivet to be crushed is known as crushing resistance or crushing strength or 
bearing value of the rivet. 

Let  d = Diameter of the rivet hole,  

                          t = Thickness of the plate, 
σc = Safe permissible crushing stress for the rivet or plate material,  

                          and n = Number of rivets per pitch length under crushing. 
We know that crushing area per rivet (i.e. projected area per rivet), 

Ac = d. t 

∴ Total crushing area = n. d. t 

and crushing resistance or pull required to crush the rivet per pitch length, 
Pc = n. d. t. σc 

 
When the crushing resistance (Pc) is greater than the applied load (P) per pitch length, then this type 
of failure will occur. 

Note: The number of rivets under shear shall be equal to the number of rivets under crushing. 
Unwin’s Formula: As a Common Practice for plate thickness greater than 8 mm, the diameter of rivet hole is 

determined by:   d = 6 √t     (t = thickness of plate) 

Strength of a Riveted Joint: 
The strength of a joint may be defined as the maximum force, which it can transmit, without causing it to fail. 
       We have seen that Pt, Ps and Pc are the pulls required to tear off the plate, shearing off  the rivet and 
crushing off the rivet. A little consideration will show that if we go on increasing the pull on a riveted joint, it 
will fail when the least of these three pulls is reached, because a higher value of the other pulls will never reach 
since the joint has failed, either by tearing off the plate, shearing off the rivet or crushing off the rivet. 
If the joint is continuous as in case of boilers, the strength is calculated per pitch length. 
 But if the joint is small, the strength is calculated for the whole length of the plate. 
 



Efficiency of a Riveted Joint: 
The efficiency of a riveted joint is defined as the ratio of the strength of riveted joint to the strength of the un-
riveted or solid plate. We have already discussed that strength of the riveted joint 

= Least of Pt  , Ps and Pc 

Strength of the un-riveted or solid plate per pitch length, 

P = p. t . t 

 Efficiency of the riveted joint, 
 

                                                                =
 

 
Where, σt = Permissible tensile stress of the    

plate material 
     p= Pitch of the rivets, 

                   t = Thickness of the plate 
 

 

 
        Least of Pt, Ps and Pc 

                 p  t  σt 



Q.1: A double riveted lap joint is made between 15 mm thick plates. The rivet diameter and pitch  are 25 mm 
and 75 mm respectively. If the ultimate stresses are 400 MPa in tension, 320 MPa in shear and 640 MPa in 
crushing, find the minimum force per pitch which will rupture the joint. If the above joint is subjected to a load 
such that the factor of safety is 4, find out the actual stresses developed in the plates and the rivets. 

 
 
 
 

Q.2: Find the efficiency of the following riveted joints: 
1. Single riveted lap joint of 6 mm plates with 20 mm diameter rivets having a pitch  of  
50  mm. 2. Double riveted lap joint of 6 mm plates with 20 mm diameter rivets having a 
pitch of  65 mm. Assume Permissible tensile stress in plate = 120 MPa Permissible 
shearing stress in rivets = 90 MPa Permissible crushing stress in rivets = 180 MPa. 
 

 
 
 
 
 



 

 

 



 
 
Q.3: Design a double riveted lap joint for MS Plates having a thickness 9.5 mm. Calculate the efficiency of 
the joint. The permissible stresses are: σt = 90 MPa, τs = 75 MPa, σc = 150 MPa. 
 

Design of boiler joints according to IBR 
The boiler has a longitudinal joint as well as circumferential joint. The longitudinal joint is used to join the 
ends of the plate to get the required diameter of a boiler. For this purpose, a butt joint with two cover 
plates is used. The circumferential joint is used to get the required length of the boiler. For this purpose, a 
lap joint with one ring overlapping the other alternately is used. 
Since a boiler is made up of number of rings, therefore the longitudinal joints are staggered for 
convenience of connecting rings at places where both longitudinal and circumferential joints occur. 
 

Design of Longitudinal Butt Joint for a Boiler 
According to Indian Boiler Regulations (I.B.R), the following procedure should be adopted 
for the design of longitudinal butt joint for a boiler. 
1. Thickness of boiler shell.  
First of all, the thickness of the boiler shell is determined by using the thin cylindrical 
formula, i.e. 

Where t = Thickness of the boiler shell, 
P = Steam pressure in boiler, 
D = Internal diameter of boiler  
σt = Permissible tensile stress, and 
ηl = Efficiency of the longitudinal joint. 

The following points may be noted: 
(a) The thickness of the boiler shell should not be less than 7 mm. 

(b) The efficiency of the joint may be taken from the following table. 

Indian Boiler Regulations (I.B.R.) allows a maximum efficiency of 85% for the best joint. 

(c) According to I.B.R., the factor of safety should not be less than 4. 
2. Diameter of rivets. 
 After finding out the thickness of the boiler shell (t), the diameter of the rivet hole (d) may be 
determined by using Unwin's empirical formula, 
    i.e. d = 6√t     , (when t is greater than 8 mm) 

But if the thickness of plate is less than 8 mm, then the diameter of the rivet hole may be 
calculated by equating the shearing resistance of the rivets to crushing resistance. In no case, the 
diameter of rivet hole should not be less than the thickness of the plate, because there will be 
danger of punch crushing. 
3. Pitch of rivets.  
The pitch of the rivets is obtained by equating the tearing resistance of the plate to the shearing 
resistance of the rivets. It may noted that; 
(a) The pitch of the rivets should not be less than 2d, which is necessary for the formation of 
head. 



(b) The maximum value of the pitch of rivets for a longitudinal joint of a boiler as per I.B.R. is 
                  pmax = C × t + 41.28 mm  
                         where, t = Thickness of the shell plate in mm,  
                                      C = Constant.   

• The value of the constant C may be taken from DDB. If the pitch of rivets as obtained by 
equating the tearing resistance to the shearing resistance is more than pmax, then the value of 
pmax is taken. 

4. Distance between the rows of rivets.  
The distance between the rows of rivets as specified by Indian Boiler Regulations is as follows: 
(a) For equal number of rivets in more than one row for lap joint or butt joint, the distance 
between the rows of rivets ( pb) should not be less than  
                     0.33 p + 0.67 d ……for zig-zig riveting, and  
                     2d                      …….for chain riveting. 
(b) For joints in which the number of rivets in outer rows is half the number of rivets in inner rows 
and if the inner rows are chain riveted, the distance between the outer rows and the next rows 
should not be less than 0.33 p + 0.67 or 2d, whichever is greater.  
The distance between the rows in which there are full number of rivets shall not be less than 2d. 
(c) For joints in which the number of rivets in outer rows is half the number of rivets in inner rows 
and if the inner rows are zig-zig riveted, the distance between the outer rows and the next rows 
shall not be less than 0.2 p + 1.15 d. The distance between the rows in which there are full number 
of rivets (zig-zag) shall not be less than 0.165 p + 0.67d. 
Note : In the above discussion, p is the pitch of the rivets in the outer rows. 
5. Thickness of butt strap. 
 According to I.B.R., the thicknesses for butt strap (t1) are as given below: 

(a) The thickness of butt strap, in no case, shall be less than 10 mm. 
(b) tt = 1.125 t, for ordinary (chain riveting) single butt strap. 

 
For single butt straps, every alternate rivet in outer rows being omitted. 
           t1 = 0.625 t, for double butt-straps of equal width having ordinary riveting (chain riveting). 

 
For double butt straps of equal width having every alternate rivet in the outer rows being 
omitted. 
 
 

(c) For unequal width of butt straps, the thicknesses of butt strap are 

t1 = 0.75 t, for wide strap on the inside, and 

t1 = 0.625 t, for narrow strap on the outside. 
6. Margin. 

 The margin (m) is taken as 1.5 d. 

 

 

 

 

 



Q.1: Inner diameter of a boiler is 1500 mm and the steam pressure is 2 N/mm2. Use a proper joint along the 
length and design it completely. Use following permissible values of stress. 

Tension t = 90 MPa, Shear   τ = 75 MPa , Crushing c = 150 MPa 

Q.2: A cylindrical pressure vessel with a 1.5 m inside diameter is subjected to internal steam pressure of 1.5 
MPa. It is made from steel plate by triple-riveted double strap longitudinal butt joint with equal straps. The 
pitch of the rivets in the outer row is twice of the pitch of the rivets in the inner rows. The rivets are arranged 
in a zig zag pattern. The efficiency of the riveted joint should be atleast 80 %. The permissible stresses for the 
plate and rivets in tension, shear and compression are 80, 60 and 120 MPa, respectively. Assume that the rivet 
in double shear is 1.875 times stronger than in single shear. Design the joint and calculate  

1. thickness of the plate,  
2. diameter of the rivets,  
3. Pitch of the rivets, 
4. distance between the rows of rivets,  
5. margin  
6. thickness of the straps and  
7. Efficiency of the joint. 
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CH-4
Design of Coupling

Short Questions & Answers
Q.1. What do you mean by Coupling ?
Ans. A coupling is termed as a device used to make permanent or semi-permanent connection,

where as a clutch permit rapid connection or disconnection at will of the operator.
Q.2. What is Shaft Coupling ?
Ans.  To provide for the connection of shafts that are manufactured separately such as

motor and generator.
 To provide for misalignment of the shaft or to introduce mechanical flexibility.
 To reduce the transmission of shock loads from one shaft to another.
 To introduce the protection against overloads.
 It should have no projecting parts.

Q.3. What are the requirements of a Good Shaft Coupling ?
Ans. The following requirements are :

 It should be easy to connect or disconnect.
 It should transmit the full power from one shaft to the other shaft without losses.
 It whould hold the shaft in perfect alignment.
 It should reduce the transmission of shock load from one shaft to another.
 It should have no projecting parts.

Q.4. Define Rigid Coupling ?
Ans. It is used to connect two shafts which are perfectly aligned.

The following types of Rigid Coupling are :
 Sleeve or Mulf Coupling.
 Clamp or Split-Muff or Compression Coupling.
 Flange Coupling.

Q.5. Define Flexible Coupling ?
Ans. It is used to connect two shafts having both lateral and angular misalignment.

The following types of Flexible Coupling are :  Bushed Pin Type Coupling
 Universal Coupling
 Oldham Coupling

Long Questions :
Q.1. Write the design procedure of Sleeve or Muff Coupling with neat sketch.
Q.2. With neat sketch, write the design procedure of Clamp or Compression Coupling.
Q.3. Design a Muff Coupling to connect two shafts transmitting 40KW at 120 r.p.m. The

permissible shear stress and crushing stress for the shaft and Key Material((M.S) are
30MPa and 80MPa respectively. The matrial of Muff is cast iron with permissible shear
stress of 15MPa. Assume that the maximum torque transmitted is 25% greater than
mean torque.

Q.4. Design a compression coupling for a shaft to transmit 1300N-M. The allowable shear
stress for the shaft and key is 40MPa and the number of botts connecting the two halves
are 4. The permissible tensile stress for the bott material is 70MPa. The co-efficient of
froction between the Muff and the Shaft surface may be taken as 0.3.

16



Prepared by :
Er. Ramesh Chandra Pradhan

Lecturer in
MECHANICAL DEPARTMENT

PNS School of Engineering & Technology
Nishamani Vihar, Marshaghai, Kendrapara



1



2



3



4



5



6



7



8



9



10



11



12



13



14



CH-5
Design a Closed Coil Helical Spring

Short Questions & Answers
Q.1. Define Spring ?
Ans. A spring is defened as an elastic body, whose function is to distort when loaded and to

recover its original shape, when the load is removed.
Q.2. Define Helical Spring ?
Ans. The helical spring are made up of a wire coiled in the form of a helix and primarily

intended for compressive or tensile loads. The cross sectin of the wire for which the
spring made may be circular, square or reatangular.

Q.3. Define Solid Length of Spring ?
Ans. When the compression spring is compressed. Until the coils come in contact with

each other, then spring is called to be solid. The solid length of a spring is the product
of total number of coils and the diameter of the wire.
Ls = n1 x d where, n1 = total number of coils

d = diameter of wire
Ls = Solid Length of Spring.

Q.4. Define Spring Index and Spring Rate ?
Ans. Spring Index : It is defined as the ratio of mean diameter of coil to the diameter of wire.

Mathematically,  C =         Where, C = Spring Index
D = Mean diameter of Coil
d = diameter of wire.

Spring Rate : The Spring Rate or Stiffiness or Spring Constant is defined as the load
required per unit deflection of the spring.

Mathematically,  K =        Where, W = Load
 = deflection of the spring

Q.5. What are the methods to eliminate Surge in Spring ?
Ans. The following methods are :

 By using friction dampers on the centre coil, so that wave propagation dies out.
 By using spring of high natural frequency.
 By using spring having pitch of the coils near the ends different than at the to

have different natural frequencies.
Long Questions :
Q.1. Briefly explain Surge in Springs ?
Q.2 Derive Stresses in Helical Springs of Circular Wire ?
Q.3. A Helical spring is made from a wire of 6mm diameter and has outside diameter of 75mm.

If the permissible shear stress is 350MPa and modulus of regidity is 84KN/mm2. Find
the axial oad which the spring can carry and the deflection per active turn ?

Q.4. Design a spring for a balance to measure 0 to 1000N over the length of 80mm. The
spring is to be enclosed in a casing of 25mm diameter. The approximate number of
turns is 30. The modules of regidity is 85KN/m2. Also calculate the maximum shear
stress induced ?

Q.5. Design a closed helical compression for a service load rasging from 2250N to 2750N.
The axial deflection of the spring for the load range is 6mm. Assume a spring Index of 5.
The permissible shear stress is 420MPa and modulus of rigidity is 84KN/mm2.
Neglect the effect of stress concentration ?

D
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