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TEMPORARY AND PERMANENT JOINTS 

CHAPTER 5 

 

Sleeve and Cotter Joint 

Sometimes, a sleeve and cotter joint as shown in Fig. 5.1, is used to connect two 

round rods or bars. In this type of joint, a sleeve or muff is used over the two rods and 

then two cotters (one on each rod end) are inserted in the holes provided for them in the 

sleeve and rods. The taper of cotter is usually 1 in 24. It may be noted that the taper sides 

of the two cotters should face each other as shown in Fig. 5.1. The clearance is so adjusted 

that when the cotters are driven in, the two rods come closer to each other thus making 

the joint tight. 

 

Fig 5.1 Sleeve and cotter joint. 

[Source: “A Textbook of Machine Design by R.S. Khurmi J.K. Gupta, Page: 439] 

 

The various proportions for the sleeve and cotter joint in terms of the diameter of rod (d) 

are as follows: 

Outside diameter of sleeve, d1 = 2.5 d 

Diameter of enlarged end of rod, d2 = Inside diameter of sleeve = 1.25 d 

Length of sleeve, L = 8 d 

Thickness of cotter, t = d2/4 = 0.31 d 

Width of cotter, b = 1.25 d 

Length of cotter, l = 4 d 

Distance of the rod end (a) from the beginning to the cotter hole (inside the  

sleeve end) = Distance of the rod end (c) from its end to the cotter hole = 1.25 d 
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Design of Sleeve and Cotter Joint 

The sleeve and cotter joint is shown in Fig. 5.1. 

Let   P = Load carried by the rods, 

d = Diameter of the rods, 

d1 = Outside diameter of sleeve, 

d2 = Diameter of the enlarged end of rod, 

t = Thickness of cotter, 

l = Length of cotter, 

b = Width of cotter, 

a = Distance of the rod end from the beginning to the cotter hole 

(inside the sleeve end), 

c = Distance of the rod end from its end to the cotter hole, 

σt, τ and σc = Permissible tensile, shear and crushing stresses respectively

 for the material of the rods and cotter. 

The dimensions for a sleeve and cotter joint may be obtained by considering the various 

modes of failure as discussed below: 

1. Failure of the rods in tension 

The rods may fail in tension due to the tensile load P. We know that 

Area resisting tearing = 
π

4
 × d2 

∴ Tearing strength of the rods,  

= 
π

4
 × d2 × σt 

Equating this to load (P), we have 

P = 
π

4
 × d2 × σt 

From this equation, diameter of the rods (d) may be obtained. 

2. Failure of spigot in tension across the weakest section (or slot) 

Since the weakest section of the spigot is that section which has a slot in it for the 

cotter, as shown in Fig. 5.2, therefore 
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Fig 5 .2 

[Source: “A Textbook of Machine Design by R.S. Khurmi J.K. Gupta, Page: 433] 

 

Area resisting tearing of the spigot across the slot = 
𝜋

4
 (d2)

2 – d2 × t 

and tearing strength of the spigot across the slot = [ 
𝜋

4
 (d2)

2 – d2 × t] σt 

Equating this to load (P), we have 

P = [ 
𝜋

4
 (d2)

2 – d2 × t] σt 

From this equation, the diameter of spigot or inside diameter of socket (d2) may be 

determined. 

Note: The thickness of cotter is usually taken as d2 / 4. 

3. Failure of the rod or cotter in crushing 

We know that the area that resists crushing of a rod or cotter = d2 × t 

∴ Crushing strength = d2 × t × σc 

Equating this to load (P), we have 

P = d2 × t × σc 

From this equation, the induced crushing stress may be checked. 

4. Failure of sleeve in tension across the slot 

We know that the resisting area of sleeve across the slot 

= 
𝜋

4
[(d1)

2 – (d2)
2]-(d1-d2) – t  

∴ Tearing strength of the socket across the slot ={ 
𝜋

4
[(d1)

2 – (d2)
2]-(d1-d2) – t} σt 

Equating this to load (P), we have 

P = { 
𝜋

4
[(d1)

2 – (d2)
2]-(d1-d2) – t} σt 

From this equation, outside diameter of socket (d1) may be determined. 
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5.Failure of cotter in shear 

Considering the failure of cotter in shear. Since the cotter is in double shear, 

therefore shearing area of the cotter 

= 2 b × t 

and shearing strength of the cotter 

= 2 b × t × τ 

Equating this to load (P), we have 

P = 2 b × t × τ 

From this equation, width of cotter (b) is determined. 

6. Failure of rod end in shear 

Since the rod end is in double shear, therefore area resisting shear of the rod end 

= 2 a × d2 

and shear strength of the rod end 

= 2 a × d2 × τ 

Equating this to load (P), we have 

P = 2 a × d2 × τ 

From this equation, distance (a) may be determined. 

7. Failure of sleeve end in shear 

Since the sleeve end is in double shear, therefore the area resisting shear of the sleeve end 

= 2 (d1 – d2) c 

and shear strength of the sleeve end 

= 2 (d1 – d2) c × τ 

Equating this to load (P), we have 

P = 2 (d1 – d2) c × τ 

From this equation, distance (c) may be determined. 

 

Problem 5.1 

Design a sleeve and cotter joint to resist a tensile load of 60 kN. All parts of the joint are 

made of the same material with the following allowable stresses: σt = 60 MPa; τ = 70 

MPa; and σc = 125 MPa. 
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Given Data: 

P = 60 kN = 60 × 103 N  

σt = 60 MPa = 60 N/mm2  

τ = 70 MPa = 70 N/mm2 

σc = 125 MPa = 125 N/mm2 

1. Diameter of the rods 

Let   d = Diameter of the rods. 

Considering the failure of the rods in tension. We know that load (P), 

60 × 103 = 
𝜋

4
 × d2 × σt 

60 × 103 = 
𝜋

4
 × d2 × 60 

60 × 103 = 47.13d2 

d2 = 60 × 103 / 47.13  

d2 = 1273  

d = 35.7 say 36 mm. 

2. Diameter of spigot and thickness of cotter 

Let   d2 = Diameter of spigot or inside diameter of socket, and 

t = Thickness of cotter. It may be taken as d2 / 4. 

Considering the failure of spigot in tension across the weakest section. We know that load 

(P), 

60 × 103 = [ 
π

4
 (d2)

2 – d2 × t] σt 

60 × 103 = [ 
π

4
 (d2)

2 – d2 × 
d2

2
] 60 

60 × 103 = 32.13 d2
2
 

(d2)
2 = 60 × 103 / 32.13  

(d2)
2 = 1867  

d2 = 43.2 say 44 mm 

and thickness of cotter, t = 
d2

4
 = 

44

4
 

t = 11 mm 

Let us now check the induced crushing stress. We know that load (P), 

60 × 103 = d2 × t × σc  
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60 × 103 = 44 × 11 × σc  

60 × 103 = 484 σc 

σc = 60 × 103 / 484  

σc = 124 N/mm2 

Since the induced crushing stress is less than the given value of 125 N/mm2, therefore the 

dimensions d2 and t are within safe limits. 

3. Outside diameter of socket 

Let   d1 = Outside diameter of socket. 

Considering the failure of the socket in tension across the slot. We know that load (P), 

60 × 103 = { 
𝜋

4
[(d1)

2 – (d2)
2]-(d1-d2) – t} σt 

60 × 103 = { 
𝜋

4
[(d1)

2 – (44)2]-(d1-40) – 11} 60 

60 × 103/60 = 0.7854 (d1)
2 – 1520.7 – 11 d1 + 484 

(d1)
2 – 14 d1 – 2593 = 0 

d1 = 
14±√(14)2+4 ×2593

2
 

d1 = 
14±102.8

2
 

d1 = 58.4 say 60 mm.        ... (Taking +ve sign) 

4. Width of cotter 

Let   b = Width of cotter. 

Considering the failure of the cotter in shear. Since the cotter is in double shear, therefore 

load (P), 

60 × 103 = 2 b × t × τ  

60 × 103 = 2 b × 11 × 70  

60 × 103 = 1540 b 

b = 60 × 103 / 700  

∴b= 38.96 mm. 

b = 40 mm. 

5. Distance of the rod from the beginning to the cotter hole (inside the sleeve end) 

Let   a = Required distance. 
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Considering the failure of the rod end in shear. Since the rod end is in double shear, 

therefore load (P), 

60 × 103 = 2 a × d2 × τ  

60 × 103 = 2 a × 44 × 70  

60 × 103 = 6160 a 

a = 60 × 103 / 6160  

∴a = 9.74 say 10 mm. 

6. Distance of the rod end from its end to the cotter hole 

Let   c = Required distance. 

Considering the failure of the sleeve end in shear. Since the sleeve end is in double shear, 

therefore load (P), 

60 × 103 = 2 (d1 – d2) c × τ  

60 × 103 = 2 (60 – 44) c × 70  

60 × 103 = 2240 c 

c = 60 × 103 / 2240  

∴c = 26.78 say 28 mm 

 

Gib and Cotter Joint 

 

Fig 5.3 Gib and cotter joint for strap end of a connecting rod. 

[Source: “A Textbook of Machine Design by R.S. Khurmi J.K. Gupta, Page: 443] 

 

A gib and cotter joint is usually used in strap end (or big end) of a connecting rod 

as shown in Fig. 5.3. In such cases, when the cotter alone (i.e. without gib) is driven, the 

friction between its ends and the inside of the slots in the strap tends to cause the sides of 
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the strap to spring open (or spread) outwards as shown dotted in Fig. 5.4 (a).  In order to 

prevent this, gibs as shown in Fig. 5.4 (b) and (c), are used which hold together the ends 

of the strap. Moreover, gibs provide a larger bearing surface for the cotter to slide on, due 

to the increased holding power. Thus, the tendency of cotter to slacken back owing to 

friction is considerably decreased. The jib, also, enables parallel holes to be used. 

 

Fig 5.4 Gib and cotter Joints. 

[Source: “A Textbook of Machine Design by R.S. Khurmi J.K. Gupta, Page: 444] 

 

Design of a Gib and Cotter Joint for Strap End of a Connecting Rod 

Consider a gib and cotter joint for strap end (or big end) of a connecting rod as 

shown in Fig. 5.5. The connecting rod is subjected to tensile and compressive loads. 

 

 

Fig 5.5 Gib and cotter joint for strap end of a connecting rod. 

[Source: “A Textbook of Machine Design by R.S. Khurmi J.K. Gupta, Page: 444] 

 

Let   P = Maximum thrust or pull in the connecting rod, 

d = Diameter of the adjacent end of the round part of the rod, 

B1 = Width of the strap, 
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B = Total width of gib and cotter, 

t = Thickness of cotter, 

t1 = Thickness of the strap at the thinnest part, 

σt = Permissible tensile stress for the material of the strap, and 

τ = Permissible shear stress for the material of the cotter and gib. 

The width of strap (B1) is generally taken equal to the diameter of the adjacent end of the 

round part of the rod (d). The other dimensions may be fixed as follows: 

Thickness of cotter, 

t = 
Width of strap

4
 = 

B1

4
 

Thickness of gib = Thickness of cotter (t) 

Height (t2) and length of gib head (l3) = Thickness of cotter (t) 

In designing the gib and cotter joint for strap end of a connecting rod, the following modes 

of failure are considered. 

1. Failure of the strap in tension 

Assuming that no hole is provided for lubrication, the area that resists the failure of the 

strap due to tearing = 2 B1 × t1 

∴ Tearing strength of the strap = 2 B1 × t1 × σt 

Equating this to the load (P), we get 

P = 2 B1 × t1 × σt 

From this equation, the thickness of the strap at the thinnest part (t1) may be 

obtained. When an oil hole is provided in the strap, then its weakening effect should be 

considered. 

The thickness of the strap at the cotter (t3) is increased such that the area of cross-

section of the strap at the cotter hole is not less than the area of the strap at the thinnest 

part. In other words 

2 t3 (B1 – t) = 2 t1 × B1 

From this expression, the value of t3 may be obtained. 

2. Failure of the gib and cotter in shearing 

Since the gib and cotter are in double shear, therefore area resisting failure 

= 2 B × t 
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and resisting strength = 2 B × t × τ 

Equating this to the load (P), we get 

P = 2 B × t × τ 

From this equation, the total width of gib and cotter (B) may be obtained. In the joint, as 

shown in Fig. 5.5, one gib is used, the proportions of which are  

Width of gib, b1 =0.55 B  

and width of cotter, b = 0.45 B 

The other dimensions may be fixed as follows: 

Thickness of the strap at the crown, 

t4 = 1.15 t1 to 1.5 t1 

l1 = 2 t1; and l2 = 2.5 t1 

 

Problem 5.2 

The big end of a connecting rod, as shown in Fig. 12.12, is subjected to a maximum load 

of 50 kN. The diameter of the circular part of the rod adjacent to the strap end is 75 mm. 

Design the joint, assuming permissible tensile stress for the material of the strap as 25 

MPa and permissible shear stress for the material of cotter and gib as 20 MPa. 

Given Data:  

P = 50 kN = 50 × 103 N  

d = 75 mm  

σt = 25 MPa = 25 N/mm2  

τ = 20 MPa = 20 N/mm2 

1. Width of the strap 

Let   B1 = Width of the strap. 

The width of the strap is generally made equal to the diameter of the adjacent end of the 

round part of the rod (d). 

∴ B1 = d = 75 mm. 

Other dimensions are fixed as follows: 

Thickness of the cotter 

t =  
B1

4
 = 

75

4
 = 18.75 mm = 20 mm 
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Thickness of gib = Thickness of cotter = 20 mm Ans. 

Height (t2) and length of gib head (l3) = Thickness of cotter = 20 mm. 

2. Thickness of the strap at the thinnest part 

Let   t1 = Thickness of the strap at the thinnest part. 

Considering the failure of the strap in tension. We know that load (P), 

50 × 103 = 2 B1 × t1 × σt  

50 × 103 = 2 × 75 × t1 × 25  

50 × 103 = 3750 t1 

∴ t1 = 50 × 103 / 3750  

t1 = 13.3 say 15 mm. 

3. Thickness of the strap at the cotter 

Let   t3 = Thickness of the strap at the cotter. 

The thickness of the strap at the cotter is increased such that the area of the cross-section 

of the strap at the cotter hole is not less than the area of the strap at the thinnest part.  

In other words, 

2 t3 (B1 – t) = 2 t1 × B1 

2 t3 (75 – 20) = 2 × 15 × 75  

110 t3 = 2250 

∴ t3 = 2250 / 110  

t3 = 20.45 say 21 mm 

4. Total width of gib and cotter 

Let   B = Total width of gib and cotter. 

Considering the failure of gib and cotter in double shear. We know that load (P), 

50 × 103 = 2 B × t × τ  

50 × 103= 2 B × 20 × 20  

50 × 103= 800 B 

∴ B = 50 × 103 / 800  

B = 62.5 say 65 mm. 

Since one gib is used, therefore width of gib, 

b1 = 0.55 B  
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b1 = 0.55 × 65  

b1 = 35.75 say 36 mm. 

and width of cotter, b = 0.45 B = 0.45 × 65  

b = 29.25 say 30 mm. 

The other dimensions are fixed as follows: 

t4 = 1.25 t1 = 1.25 × 15  

t4 = 18.75 say 20 mm. 

l1 = 2 t1 = 2 × 15  

l1 = 30 mm. 

and     l2 = 2.5 t1 = 2.5 × 15  

l2 = 37.5 say 40 mm 

 

Design of Gib and Cotter Joint for Square Rods 

Consider a gib and cotter joint for square rods as shown in Fig. 5.6. The rods may be 

subjected to a tensile or compressive load. All components of the joint are assumed to be 

of the same material. 

 

Fig 5.6 Gib and cotter joint for square rods. 

[Source: “A Textbook of Machine Design by R.S. Khurmi J.K. Gupta, Page: 447] 

 

Let   P = Load carried by the rods, 

x = Each side of the rod, 

B = Total width of gib and cotter, 

B1 = Width of the strap, 

t = Thickness of cotter, 

t1 = Thickness of the strap, and 
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σt, τ and σc = Permissible tensile, shear and crushing stresses. 

In designing a gib and cotter joint, the following modes of failure are considered. 

1. Failure of the rod in tension 

The rod may fail in tension due to the tensile load P. We know that 

Area resisting tearing = x × x = x2 

∴ Tearing strength of the rod 

= x2 × σt 

Equating this to the load (P), we have 

P = x2 × σt 

From this equation, the side of the square rod (x) may be determined. The other 

dimensions are fixed as under: 

Width of strap, B1 = Side of the square rod = x 

Thickness of cotter, 

t = 
Width of strap

4
 = 

B1

4
 

Thickness of gib = Thickness of cotter (t) 

Height (t2) and length of gib head (l4) = Thickness of cotter (t) 

2. Failure of the gib and cotter in shearing 

Since the gib and cotter are in double shear, therefore, 

Area resisting failure = 2 B × t 

and resisting strength = 2 B × t × τ 

Equating this to the load (P), we have 

P = 2B × t × τ 

From this equation, the width of gib and cotter (B) may be obtained. In the joint, as shown 

in Fig. 5.6, one gib is used, the proportions of which are 

Width of gib, b1 = 0.55 B and width of cotter, b = 0.45 B 

In case two gibs are used, then 

Width of each gib = 0.3 B and width of cotter = 0.4 B 

3. Failure of the strap end in tension at the location of gib and cotter 

Area resisting failure = 2 [B1 × t1 – t1 × t]  

    = 2 [x × t1 – t1 × t]      ... (B1 = x) 
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∴ Resisting strength = 2 [ x × t1 – t1 × t] σt 

Equating this to the load (P), we have 

P = 2 [x × t1 – t1 × t] σt 

From this equation, the thickness of strap (t1) may be determined. 

4. Failure of the strap or gib in crushing 

The strap or gib (at the strap hole) may fail due to crushing. 

Area resisting failure = 2 t1 × t 

∴ Resisting strength = 2 t1 × t × σc 

Equating this to the load (P), we have 

P = 2 t1 × t × σc 

From this equation, the induced crushing stress may be checked. 

5. Failure of the rod end in shearing 

Since the rod is in double shear, therefore 

Area resisting failure = 2 l1 × x 

∴ Resisting strength = 2 l1 × x × τ 

Equating this to the load (P), we have 

P = 2 l1 × x × τ 

From this equation, the dimension l1 may be determined. 

6. Failure of the strap end in shearing 

Since the length of rod (l2) is in double shearing, therefore 

Area resisting failure = 2 × 2 l2 × t1 

Resisting strength = 2 × 2 l2 × t1 × τ 

Equating this to the load (P), we have 

P = 2 × 2 l2 × t1 × τ 

From this equation, the length of rod (l2) may be determined. The length l3 of the strap 

end is proportioned as 2/3 rd of side of the rod. The clearance is usually kept 3 mm. The 

length of cotter is generally taken as 4 times the side of the rod. 


