
Dynamic and Shear Loading

• Fatigue Loading

• Joints in Shear
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Pre-Loaded Joint Cycled, 0 to Pmax
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Goodman Diagram for Fatigue
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Example
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Two plates are clamped by 10 washer-faced ½in-20 UNF x 2 SAE grade 

10 bolts each with a standard ½ N steel plain washer.  An external load 

that fluctuates  between 0 and 6 kip is applied.

a. Calculate the fatigue factor of safety in the bolt
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Solution
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Solution
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Pre-Loaded to Yield in Fatigue
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Consider the fatigue strength of an M10x1.5 SAE Class 8.8 bolt, At=58.27mm2, Kf=3.0

• km=2·kb

• P=Fe fluctuates between 0 and 9kN

• Preload

▪ Case 1: Fi=10kN, → Thread Root Stress = (10kN/58.27mm2)3.0 = 515 MPa

o Fb=13kN, → Thread Root Stress = (13kN/58.27mm2)3.0 = 670 Mpa

▪ Case 2: Fi=Full Yield = Sy·At = 660MPa·58.0mm2 =38.3kN



Actual Load Shearing in Threads
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Obtaining More Uniformly Distributed 
Thread Loading
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1. Make the NUT from a softer material than the Bolt
a. Highly loaded first thread will deflect, thereby transferring more of the 

load to the other threads

b. This may require increasing the number of threads in contact

2. Manufacturing the nut threads with a SLIGHTLY grater pitch than 

that of the bolt threads so that the two pitches are theoretically 

equal AFTER the load is applied.
a. The thread clearance and precision of manufacture must be such that 

the nut and bolt can be readily assembled

3. Modify the nut design so that the nut loading puts the region of 

the top threads in tension
a. This will cause the elastic changes in pitch to approximately match 

the bolt pitch

b. Such nuts are expensive and have been used onlyh in  critical 

applications involving fatigue loading



Failure of Bolted and Riveted Joints 
Loaded in Shear
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Failure of Bolted and Riveted Joints 
Loaded in Shear
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Example of Fastener in Shear
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A ½ in-13 UNC Grade 5 steel bolt is 

loaded in double shear.  The 

clamped plates are made of steel 

and have clean dry surfaces.  The 

bolt is to be tightened with a torque 

wrench to its full proof load.  What 

force is the joint capable of 

withstanding. 

For a ½ in-13UNC Grade 5 Steel Bolt

• At = 0.1419 in2

• SP = 85 ksi

• Sy= 92 ksi

• Sus = 74 ksi

• Conservative estimate after a few weeks 

of service

▪ 30% Torque Wrench variation

▪ 10% tension loss during service

• The force required to slip each plate

▪  = 0.4



Solution
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For a ½ in-13UNC Grade 5 Steel Bolt

• At = 0.1419 in2

• SP = 85 ksi

• Initial Tension Fi = SPAt = (85 000psi)(0.1419 in2) = 12 060 lb

• Conservative estimate after a few weeks of service

▪ 30% Torque Wrench variation

▪ 10% tension loss during service

▪ Fi = (0.9)(0.7)12 060 lb = 7 600 lb

• The force required to slip each plate

▪  = 0.4

▪ Force to overcome friction, f = 7 600lb0.4 = 3040 lb

▪ Force to slip the two plates F = 23040lb  6080 lb

• Total load that can be transmitted through bolts

▪ F = 2SsyA

▪ Area of the bolt at the SHEAR PLANE, A = (0.5in)2/4 = 0.196in2

▪ Estimate of Shear Yield Strength (from Distortional energy) 

Ssy = 0.58Sy = (0.58)(92 ksi) = 53 ksi

▪ For yielding the two shear planes F = 2(0.196in2)(53 ksi) = 21000 lb

▪ Total failure load calculated by replacing Ssy with Sus = 74 ksi, F = 29000 lb



Example of Eccentric Loading,
Neglect Friction, Bolts Shear
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Assumptions:

1. Shear forces caused by eccentric 

vertical load are carried completely 

by bolts

2. Vertical shear load is distributed 

equally among the three bolts

3. Tangential shear force carried by 

each bolt is proportional to its 

distance from the center of gravity 

of the group of bolts

A vertically loaded bracket is 

attached to a fixed member by three 

identical bolts.  Although the 24-kN 

load is normally applied in the 

center, the bolts are to be selected 

on the basis that the load 

eccentricity shown could occur.  

Because of safety considerations, 

SAE class 9.8 steel bolts and a 

minimum safety factor of 6 (based 

on proof strength)are to be used.  

Determine the appropriate bolt size.

Sp=650 MPa



Distribution of Tangential Shear Forces, 
No Friction
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Secondary Shear Distribution
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Example of Eccentric Loading,
Assuming Shear Carried by Friction
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A vertically loaded bracket is 

attached to a fixed member by three 

identical bolts.  Although the 24-kN 

load is normally applied in the 

center, the bolts are to be selected 

on the basis that the load 

eccentricity shown could occur.  

Because of safety considerations, 

SAE class 9.8 steel bolts and a 

minimum safety factor of 6 (based 

on proof strength)are to be used.  

Determine the appropriate bolt size.

Sp = 650 Mpa

 = 0.4

Tension relaxation of 0.55

Assumptions:

1. The clamped members are rigid and 

do not deflect with the load
a. Eccentricity of the applied load has 

no effect on the bolt loading

2. The load tends to rotate the bracket 

about point A

3. The shear loads are carried by 

friction

Dimensions in mm



Solution-Bolt Size Based on Plate Slip
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Solution-Shear Loading
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Solution-Shear Loading
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 (Previous Result)

From the Distortional Energy Theory (VonMises), 

an equivalent stress can be computed
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Comparing to the Proof Strength

The minimum diameter of the shank is

This is larger than the previously calculated

nominal diameter, thus it is more critical
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