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INTRODUCTION 

Stress dependency on thread 

geometry and relative thread 

strength 

E. M. Alexander, "Analysis and 

Design of Threaded Assemblies," 

presented at the International 

Automotive Engineering Congress 

and Exposition, Detroit, 1977, Ref. No 

770420. 
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PROJECT AIMS 

 

1) Failure mode prediction 

 
 Adapt E.M. Alexander's model  
 

2)  Process route optimisation 

 
This will ensure consistent quality and predictable mechanical 
properties including elevated properties for fire design. 
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FUNDAMENTAL METALLURGY 
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FUNDAMENTAL METALLURGY 
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FUNDAMENTAL METALLURGY 
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FUNDAMENTAL METALLURGY 

Continuous Cooling Transformation (CCT) Diagram 
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FUNDAMENTAL METALLURGY 

To Summarise: 
 
Quench and Tempered Alloy steel used in Grade 8.8 Bolts and Property 
Class 10 nuts should have a fully martensitic microstructure. 
 
An adequate quench and temper is verified through mechanical testing 
and not strict chemical composition and heat treatment limits. 
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FASTENER MANUFACTURE 
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PROCESS OPTIMISATION 

Aims: 

1) Failure mode prediction 

2) Process route optimisation 

 

As-quenched microstructure: 

- CCT curve prediction 

As-received microstructure (tempered): 

- Optical Microscopy 

- Scanning Electron Microscopy 

- Vickers Hardness testing 
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PROCESS OPTIMISATION 

Chemical Composition Limits (wt %) 

C (min) C (max) P (max) S (max) B (max) 

0.20 0.55 0.025 0.025 0.003 

Sample 

No. 

Chemical Composition wt% 

C Si Mn P S Cr Mo Ni 

1 0.37 0.13 0.07 0.02 0.01 0.02 - 0.04 

2 0.22 0.29 0.94 0.02 0.01 0.06 0.02 0.12 

3 0.34 0.13 0.68 0.02 0.01 - - 0.02 

4 0.39 0.18 1.44 0.02 0.02 0.14 - 0.06 

5  0.38 0.08 0.44 - 0.01 - - - 

[4] 

ISO898-1 Chemical Composition Limits 
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PROCESS OPTIMISATION 

Sample 

No. 

Average prior austenite grain 

size (µm) 

1 22.78 ± 0.94 

2 22.76 ± 1.00 

3 16.12 ± 1.03 

4 20.72 ± 1.17 

5 10.56 ± 0.59 
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