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There are two methods for making threads, viz., 
 thread cutting and thread rolling. Thread cutting 
 is done on automatic machines called ‘screw’ 


machines. In the thread rolling method, threads are 
 formed by rolling the bar stock between dies which 
 depress part of the material to form the root of the 
 thread and which force the remaining material up 
 the top to form the crest of threads. Therefore, the 
 outside diameter of the thread is more than the bar 
 stock on which it was rolled. Thread rolling is a 
 superior method of making threads. The advantages 
 of thread rolling over thread cutting are as follows:


  (i)  Cold forming induces residual compressive 
 stresses on the thread surface, which 
 improve fatigue strength of the bolt.


  (ii)  Cold forming creates radii at the root and the 
 crest and reduces stress concentration.


 (iii) Thread cutting results in cutting the ﬁ bre 
 lines of the original bar stock. In thread 
 rolling, the ﬁ bre lines are rearranged to suit 
 the thread shape.


  (iv)  Compared with cut threads, rolled threads 
 have less waste as no material is removed.


All these factors contribute to increased popularity 
 of rolled threads as compared to cut threads.


7.10 BOLTED JOINT—SIMPLE ANALYSIS
 A bolted joint subjected to tensile force P is shown 
 in Fig. 7.12. The cross-section at the core diameter 
 dc is the weakest section. The maximum tensile 
 stress in the bolt at this cross-section is given by,


Fig. 7.12  Bolt in Tension


st p


c


P
 d


= Ê
 ËÁ


ˆ
 4 ¯˜


2


 (7.2)


The height of the nut h can be determined by 
 equating the strength of the bolt in tension with 
 the strength in shear. The procedure is based on the 
 following assumptions:


  (i)  Each turn of the thread in contact with the 
 nut supports an equal amount of load.


  (ii) There is no stress concentration in the 
 threads.


  (iii)  The yield strength in shear is equal to half of 
 the yield strength in tension (Ssy = 0.5Syt). 


  (iv)  Failure occurs in the threads of the bolt and 
 not in the threads of the nut.


Substituting,


st Syt


= fs
 ( )


in Eq. (7.2), the strength of the bolt in tension is 
 given by,


P d S


c fs


= Ê yt


ËÁ
 ˆ


¯˜


p
 4


2  (a)


The threads of the bolt in contact with the nut 
 are sheared at the core diameter dc. The shear area 
 is equal to (p dc h), where h is the height of the nut. 


The strength of the bolt in shear is given by,


P d h S


c fs


= Ê sy


ËÁ
 ˆ
 (p ) ¯˜


= Ê


ËÁ
 ˆ
 (pd h) S ¯˜


c fs


yt


2  (b)


Equating (a) and (b),
     h = 0.5dc
 Assuming (dc = 0.8d),


h = 0.4d


Therefore, for standard coarse threads, the 
threads are equally strong in failure by shear 
and failure by tension, if the height of the nut is 
approximately 0.4 times of the nominal diameter 
of the bolt. The height of the standard hexagonal 
nut is (0.8d). Hence, the threads of the bolt in the 
standard nut will not fail by shear.
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Rewriting the height of the standard nut,


h = 0.8d (7.3) 
 The design of the bolt consists of determination 


of correct size of the bolt. The size of the bolt is 
 given by the nominal diameter d and pitch p. In 
 design calculations, many times the core diameter 
 dc is determined. Therefore, it is necessary to 
 convert the core diameter dc into the nominal 
 diameter d. This can be easily done when the 
 tables like (7.1) and (7.2) are available. Knowing 
 the minor or core diameter, the corresponding 
 designation of the thread can be obtained from 
 these tables. However, when the tables for threads 
 are not available, some relationship between dc and 
 d has to be used. The correct relationship for ISO 
 metric screw threads is as follows4,


dc = d – 1.226 87p


Since there are two unknowns on the right hand 
 side, it is not possible to ﬁ nd out the value of d by 
 knowing the value of dc. Therefore, the following 
 approximate relationship can be used,


dc = 0.8d (7.4)


Preference should be given to use values given 
 in Tables 7.1 and 7.2.


Example 7.1  An electric motor weighing 10 kN 
 is lifted by means of an eye bolt as shown in Fig. 


7.13. The eye bolt is screwed into the frame of the 
 motor. The eye bolt has coarse threads. It is made 
 of plain carbon steel 30C8 (Syt = 400 N/mm2) and 
 the factor of safety is 6. Determine the size of the 
 bolt.


Fig. 7.13  Eye Bolt


Solution


Given  P = 10 kN  Syt = 400 N/mm2
 (fs) = 6


Eye bolt is used for lifting and transporting 
 heavy machinery on the shop ﬂ oor. It consists of 
 a ring of circular cross-section at the top end and 
 threaded portion at the lower end. The threaded 
 portion is screwed inside a threaded hole on the top 
 surface of the machine to be lifted. A crane hook 
 or chain is inserted in the circular ring. The circular 
 ring is called the eye. The threaded portion of the 
 eye bolt is subjected to tensile stress due to the 
 weight being lifted.


Step I  Permissible tensile stress
 st Syt


= fs = =


( ) 400 .


6 66 67N/mm2
 Step II  Size of bolt


From Eq. (7.2),
 st p


c


P
 d


=
 4


2


    \ 66.67 = (10 10 )
 4


3
 2


¥
 p dc


or  dc = 13.82 mm
 From Eq. (7.4),


d =  dc


0 8.  = 13 82
 0 8


.


.  = 17.27 or 18 mm
 From Table 7.1, the standard size of the bolt is 
 M20.


Example 7.2 Two plates are fastened by means 
 of two bolts as shown in Fig. 7.14. The bolts are 
 made of plain carbon steel 30C8 (Syt = 400 N/mm2) 
 and the factor of safety is 5. Determine the size of 
 the bolts if,


P = 5 kN


Fig. 7.14


 4 IS 4218 (Part 1)—1976: ISO Metric screw threads—Part 1: Basic and design proﬁ le.
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Solution


Given   P = 5 kN  Syt = 400 N/mm2  (fs) = 5
 Step I  Permissible shear stress


Ssy = 0.5 Syt = 0.5 (400) = 200 N/mm2
 t = S = =


fs


sy


( )
 200


5 40N/mm2
 Step II  Size of bolt


The shank portion of the bolts is subjected to 
 direct shear stress. Let the diameter of the shank be 
 denoted by d.


Shear area of 2 bolts = 2  p
 4


d2


Ê
 ËÁ


ˆ


¯˜ mm2
 Therefore,  P = 2  p


4
 d2


Ê
 ËÁ


ˆ


¯˜t


5 10 2


4 40


3 2


¥ = Ê


ËÁ
 ˆ


¯˜


p d ( )
 or  d = 8.92 or 9 mm


From Table 7.1, the standard size of the bolt is M10.


7.11 ECCENTRICALLY LOADED  
 BOLTED JOINTS IN SHEAR


In structural connections, a group of bolts is 
 frequently employed, as shown in Fig. 7.15. Let 
 A1, A2, ..., A5 be the cross-sectional areas of the 
 bolts. The co-ordinates (x1, y1), (x2, y2), ..., (x5, y5) 
 indicate the position of bolt-centres with respect to


Fig. 7.15


the origin. G is the centre of gravity of the group of 
 bolts. The co-ordinates (x, y) indicate the location 
 of the centre of gravity.


x A x A x A x


A A A


= + + +


+ + +


1 1 2 2 5 5


1 2 5


...


...


x A x


A


i i
 i


= 
Â



Â
  (7.5)

Similarly,


y A y


A


i i
 i


= 
Â



Â
  (7.6)

Quite often, the centre of gravity is located by 
 symmetry.


An eccentrically loaded bolted connection 
 is shown in Fig. 7.16. The eccentricity of the 
 external force P is e from the centre of gravity. This


Fig. 7.16


eccentric force can be considered as equivalent to 
 an imaginary force P at the centre of gravity and 
 a moment (P ¥ e) about the same point. This is 
 illustrated in Fig. 7.17. The imaginary force P at 
 the centre of gravity results in primary shear forces 


′ ′


P P1, 2,...,  etc., given by the following equation,


¢ = ¢ = ¢ = ¢ =


P P P P P


1 2 3 4


(No. of bolts) (7.7)
 The moment (P ¥ e) about the centre of gravity 
 results in secondary shear forces P P1¢¢ ¢¢, 2, ..., etc. If 
 r1, r2, ..., etc., are the radial distances of the bolt-
 centres from the centre of gravity, then


P¥ =e P r1 1¢¢ + ¢¢ + ¢¢ + ¢¢P r2 2 P r3 3 P r4 4 (a)
 It is assumed that the secondary shear force at 
 any bolt is proportional to its distance from the 
 centre of gravity. Therefore,


¢¢ =


¢¢ =


¢¢ =


¢¢ =


P Cr


P Cr


P Cr


P Cr


1 1


2 2


3 3


4 4


 (b)
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Substituting (b) in (a), we get


C Pe


r r r r


= (12+ 22+ 32+ 42) (c)
 From (b) and (c),


¢¢ = + + +


P Per


r r r r


1 1


12
 22


32
 42


( )


¢¢= + + +


P Per


r r r r


2 2


12
 22


32
 42


( ) (7.8)


and so on.


Fig. 7.17  Primary and Secondary Shear Forces
 The primary and secondary shear forces are 
 added by vector addition method to get the resultant 
 shear forces P1, P2, P3, and P4. In this analysis, it 
 is assumed that the components connected by the 
 bolts are rigid and the bolts have the same cross-
 sectional area.


Example 7.3 The structural connection shown 
 in Fig. 7.16 is subjected to an eccentric force P of 
 10 kN with an eccentricity of 500 mm from the CG 
 of the bolts. The centre distance between bolts 1 
 and 2 is 200 mm, and the centre distance between 
 bolts 1 and 3 is 150 mm. All the bolts are identical. 


The bolts are made from plain carbon steel 30C8 
 (Syt = 400 N/mm2) and the factor of safety is 2.5. 


Determine the size of the bolts.


Solution


Given  P = 10 kN  Syt = 400 N/mm2  (fs) = 2.5
 e = 500 mm


Step I  Permissible shear stress


t = S = = =


fs


S
 fs


sy yt


( )
 .
 ( )


. ( )
 .
 0 5 0 5 400


2 5 80N/mm2
 Step II  Primary and secondary shear forces


By symmetry, the centre of gravity G is located at a 
 distance of 100 mm to the right of bolts 1 and 3 and 
 75 mm below bolts 1 and 2. Thus,


r1 = r2 = r3 = r4 = r


and  r= (100)2+(75)2 =125mm


Fig. 7.18  Vector Addition of Shear Forces
 The primary and secondary shear forces are 
 shown in Fig. 7.18. Thus,


¢ = ¢ = ¢ = ¢ = =
 P1 P2 P3 P4 10 000


4 2500 N  (i)


¢¢= + + +


P Pe r


r r r r


1 1


12
 22


32
 42


( )


( ) = (Pe r)


r
 4 2


=Pe= =


r
 4


10 000 500


4 125 10 000


( ) ( )


( ) N


Similarly, it can be proved that


¢¢= ¢¢ = ¢¢ = ¢¢ =


P1 P2 P3 P4 10 000 N
 Step III  Resultant shear force


Referring to Fig. 7.18,


tanq= 75 = . q= . °
 100 0 75 or 36 87
 P1= (P1¢¢cosq- ¢ +P1)2 (P1¢¢sin )q 2


= -


+


[ cos ( . ) ]


[ sin ( . )]


10 000 36 87 2500
 10 000 36 87


2
2
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=8139 41. N


P2 = (P2¢¢cosq+ ¢P2)2+(P2¢¢sin )q 2


= +


+


[ cos ( . ) ]


[ sin ( . )]


10 000 36 87 2500
 10 000 36 87


2
 2


=12093 38. N


Bolts 2 and 4 are subjected to maximum shear 
 forces. 


Step IV  Size of bolts
 t = P


A


2


   


80 12093 38
 4


2


= .


p dc


\  dc = 13.87 mm
 From Eq. (7.4)


d dc


= = =


0 8


13 87


0 8 17 34 18
 .


.


. . or mm


From Table 7.1, the standard size of the bolts is 
 M 20.


Example 7.4 A steel plate subjected to a force 
 of 5 kN and ﬁ xed to a channel by means of three 
 identical bolts is shown in Fig. 7.19(a). The bolts 
 are made from plain carbon steel 45C8 (Syt = 380 
 N/mm2) and the factor of safety is 3. Specify the 
 size of bolts.


Fig. 7.19


Solution


Given  P = 5 kN  Syt = 380 N/mm2  (fs) = 3
 Step I  Permissible shear stress


t = S = = =


fs


S
 fs


sy yt


( )
 .


( )


. ( )
 0 5 0 5 380 .


3 63 33 N/mm2
 Step II  Primary and secondary shear forces


The centre of gravity of three bolts will be at the 
 centre of bolt-2.


The primary and secondary shear forces are 
 shown in Fig. 7.19(b) and (c).


¢ = ¢ = ¢ = = =


P P P P


1 2 3


3
 5000


3 1 666 67. N


¢¢ = ¢¢ =


+ = ¥


+


=


P P Pe r


r r


1 3 1


12


32 2 2


5000 305 75


75 75


10166
 ( )( )


( )


( )( )


( )


.667 N
 Step III  Resultant shear force


The resultant shear force on the bolt 3 is maximum.


P3 = P3¢ + ¢¢P3  = 1666.67 + 10 166.67 = 11 833.34 N
 Step IV  Size of bolts


t = P
 A


3  or  63 33 11833 34
 4


2


. .


= p


dc


\  dc = 15.42 mm
 From Eq. (7.4),


d dc


= = =


0 8


15 42


0 8 19 28 20


.
 .


. . or mm


The standard size of the bolts is M20.


7.12 ECCENTRIC LOAD PERPENDICULAR 
 TO AXIS OF BOLT


A bracket, ﬁ xed to the steel structure by means of 
 four bolts, is shown in Fig. 7.20(a). It is subjected 
 to eccentric force P at a distance e from the 
 structure. The force P is perpendicular to the axis 
 of each bolt. The lower two bolts are denoted by 2, 
 while the upper two bolts by 1. In this analysis, the 
 following assumptions are made:


  (i)  The bracket and the steel structure are rigid.


  (ii)  The bolts are ﬁ tted in reamed and ground 
holes.
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  (iii)  The bolts are not preloaded and there are no 
 tensile stresses due to initial tightening.


 (iv) The stress concentration in threads is 
 neglected.


  (v)  All bolts are identical.


Fig. 7.20 
 The force P results in direct shear force on the 
 bolts. Since the bolts are identical, the shear force 
 on each bolt is given by,


¢ = ¢ =


P P P


1 2


(No. of bolts) (7.9)
 The moment (P ¥ e) tends to tilt the bracket 
 about the edge C. As shown in Fig. 7.20(b), 
 each bolt is stretched by an amount (d) which is 
 proportional to its vertical distance from the point 
 C. Or,


d1 µ l1 and d2 µ l2
 Also,


force µ stress   because  [P = s A]


stress µ strain  because  [s = EŒ]


strain µ stretch  because  [Œ = d/l]


Therefore, it can be concluded that the resisting 
 force induced in any bolt, due to the tendency of 
 the bracket to tilt under the moment (P ¥ e), is 
 proportional to its distance from the tilting edge.


If P P1¢¢ ¢¢, 2  are the resisting forces induced in the bolts,


¢¢µ ¢¢ µ


P1 l1 and P2 l2
 or,


¢¢=


P1 Cl1


¢¢ =


P2 Cl2 (a)


where C is the constant of proportionality. Equating 
 the moment due to resisting forces with the 
 moment due to external force P about the edge C,


Pe=2P l1 1¢¢ +2P l2¢¢ 2 (b)
 Substituting (a) in (b),


Pe = 2(C l1) l1 + 2(C l2) l2


\  C Pe


l l


= 2(12+ 22)


 (c)
 From (a) and (c),


¢¢= +


P Pel


l l


1 1


1
 2


2


2( 2)


¢¢ = +


P Pel


l l


2 2


12
 22


2( ) (7.10)


The bolts denoted by 1 are subjected to 
 maximum force. In general, a bolt, which is located 
 at the farthest distance from the tilting edge C, is 
 subjected to maximum force.


Equations (7.9) and (7.10) give shear and tensile 
forces that act on the bolt due to eccentric load 
perpendicular to the axis of the bolts. The direct 
shear stress in the bolt is given by,
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t = P¢
 A


1  (7.11)


The tensile stress in the bolt is given by,
 st P


= A1¢¢


 (7.12)
 where A is the cross-sectional area of the bolt at the 
 minor or core diameter.


The bolts can be designed on the basis of principal 
 stress theory or principal shear stress theory.


The principal stress s1 is given by,
 s1 = s s


t t t


2 2


2


+ Ê 2


ËÁ
 ˆ


¯˜ +  (7.13)


The principal shear stress is given by,


t s


max.= Ê t
 ËÁ


ˆ


¯˜ +


t


2


2


2 (7.14)


Using the following relationships, 
 s1 = 


S
 fs


S
 fs


S
 fs


yt sy yt


( ) ( )


.
 ( )
 and tmax.= = 0 5
 the cross-sectional area of the bolts and their size 
 can be determined. The bolt material is usually 
 ductile. Therefore, it is appropriate to use the 
 maximum shear stress theory of failure. 


Example 7.5 The following data is given for the 
 bracket illustrated in Fig. 7.20(a).


P = 25 kN  e = 100 mm
 l1 = 150 mm  l2 = 25 mm


There is no pre-load in the bolts. The bolts are 
 made of plain carbon steel 45C8 (Syt = 380 N/mm2) 
 and the factor of safety is 2.5. Using the maximum 
 shear stress theory, specify the size of the bolts.


Solution


Given  P = 25 kN  Syt = 380 N/mm2
 (fs) = 2.5  e = 100 mm
 Step I  Permissible shear stress


t = S = = =


fs


S
 fs


sy yt


( )
 .
 ( )


. ( )
 .
 0 5 0 5 380


2 5 76N/mm2
 Step II  Direct shear stress in bolt


¢ = ¢ = = ¥


=


P P P


1 2


25 103


4 6250


(No. of bolts) N


The direct shear stress is given by, 
 t =Ê


ËÁ
 ˆ


¯˜


6250 2


A N/mm  (a)


where A is area at core cross-section.


Step III  Tensile stress in bolt
 From Eq. (7.10),


¢¢= +


P Pel


l l


1 1


12
 22


2( ) = ( )( )( )


[ ]


25 10 100 150
 2 150 25


3


2 2


¥


+  = 8108.11 N
 The bolts 1 are subjected to maximum forces. 


The tensile stress in these bolts is given by, 
 st P


A A


= ¢¢


1 =8108 11. 2


N/mm  (b)
 Step IV  Principal shear stress in bolt


t s


max.= Ê ( )t


ËÁ
 ˆ


¯˜ +


t


2


2
 2


 = 8108 11


2


2 6250 2


.


A A


Ê
 ËÁ


ˆ


¯˜ +Ê
 ËÁ


ˆ


¯˜


 = 7449 69. 2


A
 Ê
 ËÁ


ˆ


¯˜ N/mm
 Step V  Size of bolts


Equating the value of (tmax.) to permissible shear 
 stress, 


7449 69
 . 76
 A
 Ê
 ËÁ


ˆ


¯˜ =  or A = 98.02 mm2
 From Table 7.1, the standard size of bolts with 
 coarse threads is M16 (A = 157 mm2).


Example 7.6 A wall bracket is attached to the 
 wall by means of four identical bolts, two at A and 
 two at B, as shown in Fig. 7.21. Assuming that 
 the bracket is held against the wall and prevented


Fig. 7.21
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from tipping about the point C by all four bolts 
 and using an allowable tensile stress in the bolts 
 as 35 N/mm2, determine the size of the bolts on 
 the basis of maximum principal stress theory.


Solution


Given  P = 25 kN  e = 500 mm
 (st)max. = 35 N/mm2
 Step I  Direct shear stress in bolt


Two bolts at A are denoted by 1 and two bolts at B 
 by 2. The direct shear force on each bolt is given by, 


¢= ¢ =


P P P


1 2


(No. of bolts)


\  ¢ = ¢ = ¥


=
 P1 P2


25 103


4 6250 N


The direct shear stress in each bolt is given by, 
 t = 6250 2


A N/mm  (i)


Step II  Tensile stress in bolt


Since the tendency of the bracket is to tilt about 
 the edge C, the bolts at A denoted by 1, are at the 
 farthest distance from C. Therefore, bolts at A 
 are subjected to maximum tensile force. From
 Eq. (7.10),


¢¢= +


P Pel


l l


1 1


12
 22


2( ) = ( )( )( )


( )


25 10 500 550
 2 550 50


3


2 2


¥
 +


= 11 270.49 N


The tensile stress in bolts at A is given by, 
 st


=11270 49A.


 (ii)


Step III  Principal stress in bolt


From Eq. (7.13), the principal stress s1 in the bolts 
 is given by,


s1 = s s


t t t


2 2


2


+ Ê 2


ËÁ
 ˆ


¯˜ +( )


Substituting (i) and (ii) in the above expression, 
 s1


2 2


11270 49
 2


11270 49
 2


=Ê 6250
 ËÁ


ˆ


¯˜+ Ê
 ËÁ


ˆ


¯˜ +Ê
 ËÁ


ˆ


¯˜


. .


A A A


   = 14050 62.
 A
 Ê
 ËÁ


ˆ


¯˜N/mm2
 Step IV  Size of bolts


The permissible tensile stress for the bolt is 35
 N/mm2. Therefore, 


14050 62
 . 35


A = \ A = 401.45 mm2
 From Table 7.1, the standard size of the bolts is
 M30 (A = 561 mm2 ).


Example 7.7 A bracket is fastened to the steel 
 structure by means of six identical bolts as shown 
 in Fig. 7.22(a). Assume the following data:


l1 = 300 mm  l2 = 200 mm  l3 = 100 mm
 l = 250 mm  P = 50 kN


Neglecting shear stress, determine the size of the 
 bolts, if the maximum permissible tensile stress in 
 any bolt is limited to 100 N/mm2.


Fig. 7.22
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Solution


Given  P = 50 kN  l = 250 mm
 (s1)max. = 100 N/mm2


Step I  Maximum tensile force


The force P tends to tilt the bracket about edge C. 


Each bolt is stretched by an amount (d), which is 
 proportional to its distance from the tilting edge as 
 shown in Fig. 7.22 (b).


d1 µ l1 d2 µ l2 d3 µ l3
 Also,


force µ stress  because  (P = sA)
 stress µ strain  because  (s = EŒ)
 strain µ stretch  because  (Œ = d/l)


Therefore, it can be concluded that the force 
 induced in any bolt due to the tendency of the 
 bracket to tilt about the edge C is proportional to its 
 distance from the tilting edge. Therefore,


P1 = Cl1 P2 = Cl2   P3 = Cl3 (i)
 where C is the constant of proportionality. The 
 bolts, denoted by 1, are subjected to maximum 
 tensile force because of the farthest distance from 
 the tilting edge. Equating the moment of resisting 
 forces to the moment due to external force about C,
  Pl = 2P1 l1 + 2P2 l2 + 2P3 l3 (ii)


Substituting (i) in (ii),


 Pl = 2C  (l12+l22+l32)


C =  Pl


l l l


2(12+ 22+ 32) (iii)
 From (i) and (iii), P1 =  P l l


l l l


1
 1


2
 2


2
 3


2 ( + + 2)
 Substituting numerical values,


P1 =  ( ) ( ) ( )


( )


50 10 250 300
 2 300 200 100


3


2 2 2


¥


+ +  = 13 392.86 N


The shear stress is to be neglected. 


Step II  Size of bolts


P1 = A (s1)max. or 13 392.86 = A (100)


\  A = 133.93 mm2


From Table 7.1, the standard size of the bolts is 
 M16 (A = 157 mm2 ).


Example 7.8 A crane-runway bracket is fastened 
 to the roof truss by means of two identical bolts 


as shown in Fig. 7.23. Determine the size of the 
 bolts, if the permissible tensile stress in the bolts is 
 limited to 75 N/mm2.


Fig. 7.23


Solution


Given  P = 20 kN  e = 550 mm 
 (st)max. = 75 N/mm2


The bolts are subjected to tensile stress on 
 account of the following two factors:


  (i)  direct tensile stress because the force P is 
 parallel to the axis of the bolts; and


  (ii) tensile stress due to the tendency of the 
 bracket to tilt about the edge C due to 
 eccentricity of the force P.


Step I  Direct tensile force
 P1 = P2 =  P


(No.  of bolts)= 20 10× = N


2 10 000


3


 (i)
 Step II  Tensile force due to the tendency of bracket


 to tilt


The moment (P ¥ 550) tends to tilt the bracket 
 about the edge C. Suppose P1¢¢ and P2¢¢ are 
 resisting forces set up in bolts 1 and 2 respectively. 


As we know,
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¢¢ µ


P1 l1 and P2¢¢ µl2


where l1 and l2 are the distances of the axis of bolts 
 from the edge C. Therefore,


¢¢=


P1 C l1 and P2¢¢ =Cl2 (a)
 where C is the constant of proportionality. Equating 
 the moment of resisting forces with the moment 
 due to external force about the edge C,


P ¥ 550 = P l1 1¢¢  + P l2¢¢ 2 (b)
 From (a) and (b),


P ¥ 550 = C (l12 + l22)


\  C = P


l l


¥
 +


550


1
 2


2


( 2) (c)


From (a) and (c),


¢¢ = ¥


P P + l


l l


1 1


1
 2


2
 2


550


( )


( )


Substituting numerical values, 


¢¢ = ¥
 P1 +


3


2 2


20 10 550 450
 450 50


( )( )( )


( )  = 24 146.34 N  (ii)


Step III  Resultant tensile force


Bolt 1 is located at the farthest distance from 
 the tilting edge C. Therefore, it is subjected to 
 maximum tensile force. From (i) and (ii), the total 
 tensile force acting on the bolt 1 is (10 000 +
 24 146.34) or 34 146.34 N.


Size IV  Size of bolts


A(st)max. = 34146.34  or  A(75) = 34146.34


\  A = 455.28 mm2


From Table 7.1, the standard size of the bolts is 
 M 30 (A = 561 mm2).


Example 7.9 A cast iron bracket ﬁ xed  to  the 
 steel structure is shown in Fig. 7.24(a). It supports 
 a load P of 25 kN. There are two bolts at A and two 
 bolts at B. The distances are as follows,


l1 = 50 mm  l2 = 200 mm  l = 400 mm
 Determine the size of the bolts, if maximum 
 permissible tensile stress in the bolt is 50 N/mm2.


Fig. 7.24
 Solution


Given  P = 25 kN  l = 400 mm
 (st)max. = 50 N/mm2


The bolts are subjected to following stresses:


  (i)  Direct tensile stress due to load P.


  (ii)  Tensile stress due to tendency of the bracket 
 to tilt in clockwise direction about the edge C.


Step I  Direct tensile force


Since the bolts are identical, the direct tensile force 
 on each bolt is given by, 


¢ = ¢ =


P P P


1 2


(No. of bolts)


\  ¢ = ¢ = ¥


=
 P1 P2


25 103


4 6250 N  (i)


Step II  Tensile force due to tendency of bracket to tilt
 The following assumptions are made:


  (i)  All bolts are identical.


  (ii)  The bracket and the structure are rigid.


 (iii) The bolts are not preloaded and there is no 
initial tensile stress due to tightening of the bolt.
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  (iv) As shown in Fig. 7.24(b), when the load 
 tends to tilt the bracket about the edge C, 
 each bolt is stretched by an amount (d), 
 which is proportional to its distance from the 
 tilting edge. Or, 


d1 µ l1    d2 µ l2
 Also,


force µ stress  because  (P = s A)
 stress µ strain  because  (s = E Œ)
 strain µ stretch  because   (Œ = d/l)


Therefore, it can be concluded that the resisting 
 force acting on the bolt due to the tendency of 
 bracket to tilt, is proportional to its distance from 
 the tilting edge. The bolts at A are denoted by 1 and 
 bolts at B by 2.


Suppose C is the load in the bolt per unit 
 distance from the tilting edge, due to the tilting 
 effect of the bracket. Then forces acting on the 
 bolts are given by,


¢¢ =


P1 C l1 P2¢¢ =Cl2 (a)
 Equating the moments of these resisting forces 
 about the tilting edge to the moment due to the 
 external force,


 Pl = 2P l1¢¢ +1 2P l2 2¢¢  = 2(Cl1) l1 + 2(Cl2) l2


\  C =  Pl


l l


2(12+ 22) (b)
 The maximum force will act on bolts denoted by 
 2. From (a) and (b),


¢¢ = +


P Pll


l l


2 2


12
 22


2( )


Substituting numerical values,


¢¢= ¥


P2 +


3


2 2


25 10 400 200
 2 50 200


( ) ( ) ( )


( )  = 23 529.41 N  (ii)
 Step III  Resultant tensile force


Adding (i) and (ii), the total tensile force on the 
 bolts denoted by 2, is given by, 


P2 = P2¢ + ¢¢P2  = 6250 + 23 529.41 = 29 779.41 N
 Step IV  Size of bolts


P2 = A(st)max.   29 779.41 = A (50)


\  A = 595.59 mm2


From Table 7.1, the standard size of the bolts is 
 M36 (A = 817 mm2).


Example 7.10  A cast iron bracket, supporting 
 the transmission shaft and the belt pulley, is ﬁ xed to 
 the steel structure by means of four bolts as shown 
 in Fig. 7.25(a). There are two bolts at A and two 
 bolts at B. The tensions in slack and tight sides of 
 the belt are 5 kN and 10 kN respectively. The belt 
 tensions act in a vertically downward direction. 


The distances are as follows,


l1 = 50 mm    l2 = 150 mm    l = 200 mm
 The maximum permissible tensile stress in any 
 bolt is 60 N/mm2. Determine the size of the bolts.


l1
 l2
 (a)


d2 d1


B A


l
 P


(b)


C C


B A


Fig. 7.25


Solution


Given  P = (5 + 10) kN  l = 200 mm
 (st)max. = 60 N/mm2


Step I  Tensile stress due to the tendency of bracket to 
 tilt


The bolts are subjected to tensile stress due 
 to the tendency of the bracket to tilt in clockwise 
 direction about the edge C. The following 
 assumptions are made:


  (i)   All bolts are identical.


  (ii)  The bracket and structure are rigid.


  (iii)  The bolts are not preloaded and there is no 
 tensile stress due to initial tightening.


 (iv) The effect of stress concentration in the 
 threads is neglected.


As shown in Fig. 7.25(b), when the load tends 
to tilt the bracket about the edge C, each bolt is 
stretched by an amount (d), which is proportional 
to its distance from the tilting edge. Or, 
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d1 µ l1    d2 µ l2
 Also, 


force µ stress  because  (P = sA)
 stress µ strain  because  (s = E Œ)
 strain µ stretch  because  (Œ = d/l)


Therefore, it can be concluded that the resisting 
 force acting on the bolt due to the tendency of the 
 bracket to tilt, is proportional to its distance from 
 the tilting edge.


The bolts at A are denoted by 1 and the bolts at 
 B by 2. Suppose C is the load in the bolt per unit 
 distance from the tilting edge. Then, forces acting 
 on the bolts are given by,


P1 = Cl1 P2 = Cl2 (a)
 Equating the moment of these resisting forces about 
 the tilting edge to the moment due to the external 
 force,


Pl = 2P1 l1 + 2P2 l2 = 2 (Cl1) l1 + 2 (Cl2) l2


\  C Pl


l l


= 2(12+ 22)  (b)
 The maximum force will act on bolts denoted by 2. 


From (a) and (b),


P Pl l


l l


2 2


12
 22


= 2
 +


( )


Substituting numerical values, 
 P2


3


2 2


15 10 200 150
 2 50 150


= ¥


+


( ) ( ) ( )


( )  = 9000 N


Step II  Size of bolts


P2 = A (st)max.  9000 = A (60)


\  A = 150 mm2


From Table 7.1, the standard size of the bolts is 
 M16 (A = 157 mm2 ).


7.13  ECCENTRIC LOAD ON CIRCULAR  
  BASE


Many times, a machine component is made with 
 a circular base, which is fastened to the structure 
 by means of bolts located on the circumference 
 of a circle. Flanged bearings of the machine 
 tools and the structure of the pillar crane are the 
 examples of this type of loading. A round ﬂ ange-
 bearing fastened by means of four bolts is shown 
 in Fig. 7.26(b). It is subjected to an external force 
 P at a distance l from the support. The following 
 assumptions are made:


  (i)  All bolts are identical.


  (ii)  The bearing and the structure are rigid.


  (iii)  The bolts are not preloaded and there is no 
 tensile stress due to initial tightening. 


  (iv) The stress concentration in the threads is 
 neglected.


  (v)  The bolts are relieved of shear stresses by 
 using dowel pins.


As shown in Fig. 7.26(a), when the load tends 
 to tilt the bearing about the point C, each bolt is 
 stretched by an amount (d), which is proportional 
 to its vertical distance from the point C. Or,


3


2


1
 C
 d3


d2
 d4
 d1


C C


l3
 4
 l4


l1
 l2


2a


l P


2b


45°


3 2


b


Dowel
 pin


1 a
 4


(a) (b) (c)


a


Fig. 7.26
 d1 µ l1 d2 µ l2  and so on. Also, 


force µ stress  because  (P = sA)
 stress µ strain  because  (s = E Œ)
 strain µ stretch  because  (Œ = d/l)


Therefore, it can be concluded that the resisting 
force acting on any bolt due to the tendency of the 
bearing to tilt, is proportional to its distance from 
the tilting edge. 
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8.18 WELD INSPECTION


The objective of weld inspection is to ascertain 
 the satisfactoriness of the welding carried out 
 for making a sound joint between the two parts. 


Welding inspection and testing differ from 
 testing of engineering materials on account of the 
 following two reasons:


  (i)  It is not possible to cut the portion of the 
 actual welded joint for mechanical testing. 


Tests are therefore carried out on ‘similar 
 welds’ prepared specially for testing 
 purposes.


  (ii)  The quality of welded joint depends upon 
 the skill and ability of the welding operator. 


Since the work is manual, variations in 
 quality may occur. Therefore, two similar 
 welds may not be exactly similar and this 
 may result in misleading conclusions.


Weld inspections are broadly classiﬁ ed into two 
 groups, namely, destructive and non-destructive 
 examinations.  Destructive examinations are 
 carried out on ‘similar welds’ to assess certain 
 characteristics like ultimate tensile strength or 
 hardness of the welded joint. In this case, special 
 specimens are prepared to carry out the tests. Non-
 destructive testing is classiﬁ ed into the following 
 categories:


 (i) Visual examination


 (ii) Radiographical examination by X-rays
  (iii)  Radiographical examination by g-rays
   (iv)  Magnetic crack detection method
   (v)  Crack detection by ultrasonic vibrations


The objective of non-destructive examination 
 is to detect the discontinuities in the actual welded 
 structure, such as cracks, crater cavities, entrapped 
 slag or ﬂ aws. Visual inspection is the simplest 
 and cheapest method of weld inspection. The 
 discontinuities, which are present on the surface of 
 the weld, are detected by this method. However, 
 the defects below the surface of the weld will 
 remain undetected.


The X-ray method, which is recommended for 
 class-1 pressure vessels, is expensive. The method 


consists of exposing the welded joint to X-ray 
 radiation. When X-rays fall upon the metal, their 
 passage is obstructed by the metal and a part of 
 the radiation is absorbed. The amount of radiation 
 absorbed depends upon the length of metallic 
 path traversed by the rays. Where a void or crack 
 is present, the amount of radiation absorbed in 
 that region is less than that in the rest of the weld. 


This is revealed on a photographic ﬁ lm by a dark 
 spot. The defects that can be detected by an X-ray 
 examination are cracks, cavities due to imperfect 
 fusion between the weld and the surrounding 
 surfaces, gas pockets and cavities due to entrapped 
 non-metallic matter like slag, ﬂ ux or oxide. The 
 principle and procedure of other non-destructive 
 examinations can be obtained from references.4
 8.19 RIVETED JOINTS


The joints used in mechanical assemblies are 
 classiﬁ ed into two groups—permanent and 
 separable.  Permanent joints are those joints 
 which cannot be disassembled without damaging 
 the assembled parts. Riveted and welded joints 
 are permanent joints. Separable joints are those 
 joints which permit disassembly and reassembly 
 without damaging the assembled parts. Bolted 
 joints, cotter joints and splined connections are 
 the examples of separable joints. In the past, 
 riveted joints were widely used for making 
 permanent joints in engineering applications like 
 boilers, pressure vessels, reservoirs, ships, trusses, 
 frames and cranes. During the last few decades, 
 rapid development of welding technology has 
 considerably reduced the sphere of applications 
 of riveted joints. Today, riveted joints have almost 
 been replaced by welded joints.


A rivet consists of a cylindrical shank with a 
 head at one end as shown in Fig. 8.44(a). This 
 head is formed on the shank by an upsetting 
 process in a machine called an automatic header. 


The rivet is inserted in the holes of the parts being 
 assembled as shown in Fig. 8.44(b) and the head is 
 ﬁ rmly held against the back up bar. In the riveting 


 4 H B Cary – Modern Welding Technology – Prentice-Hall International, 1979.
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process, the protruding end of the shank is upset by 
 hammer blows to form the closing head. In rivet 
 terminology, the closing head is called the point. 


The head, shank and point are three main parts of 
 the rivet.


A rivet is speciﬁ ed by the shank diameter of 
 the rivet, e.g., a 20 mm rivet means a rivet having
 20 mm as the shank diameter. The standard sizes of 
 rivets are 12, 14, 16, 18, 20, 22, 24, 27, 30, 33,36, 
 39, 42 and 48 mm.


There are two methods of riveting—hand 
 riveting and machine riveting. In hand riveting, a 
 die is placed on the protruding end of the shank as 
 shown in Fig. 8.44(c) and blows are applied by a 
 hammer. In machine riveting, the die is a part of the 
 hammer, which is operated by pneumatic, hydraulic 
 or steam pressure. Riveting methods are also 
 classiﬁ ed on the basis of temperature of the shank, 
 viz., hot riveting and cold riveting. The difference 
 between hot and cold riveting is as follows:


Fig. 8.44  Riveted Joint 
   (i)  In hot riveting, the end of the rivet shank 


is heated to about 1000°to 1100°C till it 
 becomes bright red and then the blows are 
 applied by a hammer. In cold riveting, there 
 is no such heating.


  (ii) In hot riveting, when the rivet cools, the 
 reduction in the length of the shank is 
 prevented by the heads resting against 
 the connected members. Therefore, the 
 shank portion of the rivet is subjected to 
 tensile stress while the connected parts are 
 compressed. This is illustrated in Fig. 8.45. 


Fig. 8.45  (a) Tendency of Shank to Contract (b) Parts 
 in Compression (c) Shank in Tension


 The compression of the connected parts 
 causes friction, which resists sliding of one 
 part with respect to another. Cold riveting 
 does not hold the connecting elements 


together with as great a force as is developed 
 in hot riveting. Therefore, hot riveting 
 is recommended for ﬂ uid tight joints in 
 pressure vessels.


 (iii) In hot riveting, the shank of the rivet is 
 subjected to tensile stress. In cold riveting, 
 the shank is mainly subjected to shear stress.


  (iv)  Cold riveting is applicable for steel rivets 
 up to 8 to 10 mm diameter and rivets made 
 of non-ferrous metals like brass, copper and 
 aluminium alloys. Hot riveting is carried 
 out for steel rivets with diameters more than
 10 mm.


In riveted structures, there are two methods to 
 make holes in the plates—punching and drilling. 


The difference between these two methods is as 
 follows:


  (i)  Punching is cheaper operation while drilling 
 is costly.


  (ii)  In punching process, the holes in different 
plates cannot be located with sufﬁ cient 
accuracy. Drilling results in more accurate 
location and size of the holes.



(15)300  Design of Machine Elements


  (iii)  Punching injures the metal in the vicinity 
 of the hole. The drilling operation does not 
 injure metal.


  (iv)  Punching is feasible only for thin plates up 
 to 25 mm thickness because ﬁ ne cracks are 
 formed around the periphery of the holes in 
 case of punching of the thick plates. Drilling 
 operation is feasible for any thickness of the 
 plates.


Sometimes, the punching operation is followed 
 by a reaming operation. In critical joints, this 
 combines the advantages of punching and drilling. 


Traditional mechanical structures involving riveted 
 joints are classiﬁ ed into the following three groups:


  (i)  boilers, pressure vessels and tanks;


  (ii) bridges, trusses, cranes and machinery in 
 general; and


 (iii) hulls of ships.


Fluid tightness is a desirable property of the 
 joints in boilers, pressure vessels and ships. 


Strength and rigidity are desirable characteristics 
 of joints in bridges, trusses and cranes. The joints 
 in these applications are subjected to external 
 load and strength is necessary to prevent failure 
 of the joint. In application of a ship hull, strength, 
 rigidity, durability and leakproofness are important 
 criteria.


The scope of riveted joints in the above 
 mentioned three groups of traditional applications 
 is encroached upon by welded joints. However, 
 riveted joint still remains the best and simplest 
 type of permanent fastening in many applications. 


At present, riveted joints are mainly used in the 
 following applications:


  (i) In welding process, the parts are heated 
 which deteriorate the metal structure and 
 tamper the heat treated parts. It also results 
 in warping of the components, which have 
 been machined. Riveted joints are used 
 where it is necessary to avoid the thermal 
 after-effects of welding.


  (ii)  Riveted joints are used for metals with poor 
 weldability like aluminium alloys.


 (iii) When the joint is made of heterogeneous 
 materials, such as the joint between steel 
 plate and asbestos friction lining, riveted 
 joints are preferred.


 (iv) Welded joints have poor resistance to 
 vibrations and impact load. A riveted joint is 
 ideally suitable in such situations.


  (v)  Riveted joints are used where thin plates are 
 to be assembled. They are popular especially 
 for aircraft structures where light structures 
 made of aluminium alloys are to be fastened.


A riveted joint has the following advantages 
 over a welded joint:


(i)  A riveted joint is more reliable than a welded 
 joint in applications which are subjected to 
 vibrations and impact forces.


  (ii)  Welded joints are, in general, restricted to 
 steel parts. Riveted joints can be used for 
 non-ferrous metals like aluminium alloy, 
 copper, brass or even non-metals like 
 asbestos or plastics.


 (iii) The heat required for welding causes 
 warping and affects the structure of heat 
 treated components. The parts assembled 
 by riveted joints are free from such thermal 
 after-effects.


  (iv) The quality of riveted joint can be easily 
 checked, while inspection methods for 
 welded joint, such as radiographic inspection 
 of pressure vessels, are costly and time 
 consuming.


  (v) When the riveted joint is dismantled, the 
 connected components are less damaged 
 compared with those of welded joints.


The disadvantages of riveted joints compared 
 with welded joints are as follows:


  (i)  The material cost of riveted joints is more 
than the corresponding material cost of 
welded joints due to high consumption of 
metal. There are two factors which account 
for more material consumption. The holes 
required for rivets weaken the working 
cross-section of the plate and it is necessary 
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to increase the plate thickness to compensate 
 for this loss. Therefore, the thickness of the 
 plate or part is more in case of riveted joint 
 compared with corresponding thickness of 
 parts in case of welded joint. In addition, 
 the weight of rivet is more than the weight 
 of weld. It is estimated that rivets account 
 for 3.5 to 4 per cent of the weight of the 
 structure, while the weight of weld material 
 comes only to 1 to 1.5 per cent. Increased 
 material required for rivet and additional 
 plate thickness increase the material cost of 
 riveted joints. In addition, overlapping strap-
 plates are required in some types of riveted 
 joints.


  (ii) The labour cost of riveted joints is more 
 than that of welded joints. Riveted joint 
 requires higher labour input due to necessity 
 to perform additional operations like layout 
 and drilling or punching of holes. Besides, 
 the process of riveting is much more 
 complicated and less productive compared 
 with welding operation. 


  (iii)  The overall cost of riveted joint is more than 
 that of welded joint due to increased metal 
 consumption and higher labour input. On 
 the other hand, welding is cheaper compared 
 with riveting.


 (iv) Riveted assemblies have more weight 
 than welded assemblies due to strap-plates 
 and rivets. Welded assemblies result in 
 lightweight construction.


  (v) Riveting process creates more noise than 
 welding due to hammer blows. 


 (vi) Holes required to insert rivets cause 
 stress concentration. However, in many 
 applications, plates are made of ductile 
 material like mild steel and the effect of 
 stress concentration is reduced due to plastic 
 ﬂ ow in the vicinity of the holes. Stress 
 concentration also exists in the rivet at the 
 junction between the shank and head. When 


riveted joint is subjected to variable external 
 load, vibrations or temperature variation, 
 fatigue failure may occur in the regions of 
 stress concentration.


8.20  TYPES OF RIVET HEADS


There are number of shapes for the head of 
 the rivet. The most popular type of rivet head 
 is snap head as shown in Fig. 8.46(a). It is also 
 called button head. Riveted joint with a snap 
 head has strength and ﬂ uid tightness. It is used in 
 boilers, pressure vessels and general engineering 
 applications. Its main drawback is the protruding 
 head, which is objectionable in some cases. Pan 
 head rivet, illustrated in Fig. 8.46(b), consists of 
 frustum of cone attached to the shank. It is also 
 called cone head rivet. Pan head rivets are mainly 
 used in boilers and ship hulls and are ideally suited 
 for corrosive atmosphere. Its main drawback is the 
 protruding head. In applications where protruding 
 head is objectionable, countersunk head rivet as 
 shown in Fig. 8.46(c), is employed. The riveted 
 joints with snap and countersunk head rivets are 
 illustrated in Fig. 8.47. Countersunk head rivets 
 are used in structural work and ship hulls below 
 the waterline. The countersunk hole weakens the 
 plates or parts that are assembled to a great extent. 


Therefore, countersunk head rivets should be used 
under unavoidable circumstances. The ﬂ at  head 
rivet is shown in Fig. 8.46(d). The height of the 
protruding head is less than that of snap head 
rivet or pan head rivet. It does not weaken the 
plate being assembled. They are used for general 
engineering applications. Flat head rivets of small 
sizes are called tinmen’s rivets, which are used 
in light sheet metal work such as manufacture of 
buckets, steel boxes and air conditioning ducts. A 
combination of countersunk head and snap head 
is shown in Fig. 8.46(e). It is also called half 
countersunk head. The height of the protruding 
head is less than that of snap head rivet. It is used 
for joining steel plates up to 4 mm thickness.
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Fig. 8.47  (a) Shap Head Rivet (b) Counter 
 Sunk Head Rivet


Depending upon the application, there is slight 
 variation in proportions of rivet heads. There are 
 various standards which give dimensions of various 
 types of rivets.5–10


The desirable properties of rivets are as follows:


  (i)  The rivet should be sound, free from cracks, 
 ﬂ aws, burrs, seams, pits and other defects.


  (ii)  The head of rivet should be concentric with 
 the axis of the shank.


 (iii) The end of rivet should be square with 
 respect to the axis. 


As shown in Fig. 8.48, the length of rivet shank 
 is given by,


   l = (t1 + t2) + a (8.33)
 where,


   l = length of rivet shank (mm)
   t1, t2 = thickness of plates (mm)


   a = length of shank portion necessary to  
 form the closing head (mm)


Depending upon the shape of the head, the 
 magnitude of a varies from 0.7d to 1.3d. Or,


Fig. 8.48  Length of Shank


 5 IS 866–1957: Speciﬁ cation for Tinmen’s rivets.


  6 IS 1928–1961: Speciﬁ cation for boiler rivets.


  7 IS 1929–1982: Speciﬁ cation for hot forged steel rivets for hot closing. 


  8 IS 2155–1982: Speciﬁ cation for cold forged solid steel rivets for hot closing.


  9 IS 2907–1964: Speciﬁ cation for non-ferrous rivets.


  10 IS 2998–1982: Speciﬁ cation for cold forged steel rivets for cold closing.


Fig. 8.46  Types of Rivet Head
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   a = 0.7d  to 1.3d (8.34)


where,


   d = diameter of the shank of rivet (mm) 
 8.21  TYPES OF RIVETED JOINTS 


Riveted joints used for joining the plates are 
 classiﬁ ed into two groups—lap joint and butt 
 joint. Lap joint consists of two overlapping plates, 
 which are held together by one or more rows of 
 rivets as shown in Fig. 8.49. Depending upon the 
 number of rows, the lap joints are further classiﬁ ed 


into  single-riveted lap joint,  double-riveted 
 lap joint or triple riveted lap joint. In double 
 or triple riveted lap joints, the rivets can be arranged 
 in chain pattern or zig-zag pattern as shown in
 Fig. 8.49(b) and (c) respectively. A chain riveted 
 joint is a joint in which the rivets are arranged in 
 such a way that rivets in different rows are located 
 opposite to each other. A zig-zag riveted joint is a 
 joint in which the rivets are arranged in such a way 
 that every rivet in a row is located in the middle of 
 the two rivets in the adjacent row.


Fig. 8.49
 The following terms are used in the terminology 
 of riveted joints:


(i)  Pitch (p)  The pitch of the rivet is deﬁ ned 
 as the distance between the centre of one rivet to 
 the centre of the adjacent rivet in the same row. 


Usually, 


 p = 3d


 where d is shank diameter of the rivet.


(ii) Margin (m)  The margin is the distance 
 between the edge of the plate to the centreline of 
 rivets in the nearest row. Usually,


 m = 1.5d


(iii)  Transverse Pitch (pt) Transverse  pitch, 
 also called back pitch or row pitch, is the distance 
 between two consecutive rows of rivets in the same 
 plate. Usually,


  pt = 0.8p  (for chain riveting) 
   = 0.6p  (for zig-zag riveting)
 (iv) Diagonal Pitch (pd)  Diagonal pitch is the 
 distance between the centre of one rivet to the centre 
 of the adjacent rivet located in the adjacent row.


The above terminology is illustrated in Fig. 8.49.


As shown in Fig. 8.50, lap joint is always 
 subjected to bending moment Mb due to the 
 eccentric force P. The line of action of the force P 
 in two plates, that are joined by lap joint, have an 
 eccentricity equal to (t/2 + t/2) or t. The bending 
 moment is given by,


Mb = P ¥ t


This bending moment causes distortion of 
the plates as shown in Fig. 8.50(c). This is the 
drawback of lap joint.
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Fig. 8.50  Bending of Plates in Lap Joint
 The construction of a butt joint is shown in
 Fig. 8.51. It consists of two plates, which are kept in 
 alignment against each other in the same plane and 
 a strap or cover plate is placed over these plates and 
 riveted to each plate. Placing the two plates, which


Fig. 8.51  Types of Single-riveted Butt Joint (a) Single- 
 strap Butt Joint (b) Double-strap Butt Joint


are to be fastened, against each other is called 
 butting. Depending upon the number of rows of 
 rivets in each plate, the butt joints are classiﬁ ed 
 as single-row butt joint and double-row butt joint. 


Depending upon the number of straps, the butt 
 joints are also classiﬁ ed into single-strap butt joint 
 and double-strap butt joint. The types of butt joints 
 are illustrated in Fig. 8.51 and 8.52. The line of 
 action of the force acting on two plates, joined by 
 butt joint, lies in the same plane. Therefore, there is 
 no bending moment on the joint and no warping of 
 the plates. This is the main advantage of butt joint 
 compared with lap joint. The disadvantage of butt 
 joint is the requirement of additional strap plates, 
 which increases cost. Therefore, butt joint is costly 
 compared with lap joint.


Fig. 8.52  Types of Double-riveted Double-strap Butt  
Joint (a) Chain Pattern (b) Zig-zag Pattern
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