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Abstract 
 
The mechanical reliability of medium-carbon EN8 steel in service is governed by its bulk 

composition and the surface condition imparted during machining. This dissertation 

quantifies how three practical manufacturing variables—surface roughness, coolant usage 

during turning, and a deliberately machined surface defect—affect the uniaxial tensile 

response of cold-drawn EN8. Fifteen cylindrical specimens (25 mm gauge length, ≈ 5 mm 

diameter) were produced on a CNC lathe and grouped as follows: 6.4 µm Ra (flood-cooled), 

3.2 µm Ra (flood-cooled), 1.6 µm Ra (flood-cooled), 1.6 µm Ra (dry-cut), and 3.2 µm Ra with 

a circumferential notch. Tensile tests were executed to ISO 6892-1 on a 100 kN universal 

tester, while optical microscopy (60×) verified the microstructure. Statistical repeatability 

was ensured by testing three specimens per condition and reporting the mean, standard 

deviation, and coefficient of variation. Results show that surface finish exerts the most 

decisive influence: refining roughness from 6.4µm Ra to 3.2µm Ra elevated ultimate tensile 

strength (UTS) from 799 MPa to 833 MPa (+ ≈ 4 %) and yield strength by up to 15 %, with no 

further UTS gain at 1.6µm Ra. Eliminating coolant had no statistically meaningful effect; dry-

cut 1.6µm Ra specimens mirrored the flood-cooled counterparts (UTS ≈ 822 MPa versus 809 

MPa). In stark contrast, a single circumferential notch cut UTS to 737 MPa (- 10–15 %) and 

curtailed post-yield ductility, precipitating quasi-brittle failure. Microscopic examination 

confirmed a standard ferrite–pearlite lamellar matrix across all batches, indicating that the 

observed mechanical differences stem from surface-integrity effects rather than 

metallurgical changes. Collectively, the study identifies finish turning to ~3.2 µm Ra as the 

most cost-effective route to enhance strength, demonstrates that coolant choice may be 

dictated by tool life rather than material performance, and underscores the critical need to 

avoid surface defects in safety-critical EN8 components. 
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1.Introduction 

The mechanical performance of engineering materials is paramount in ensuring the 

reliability and safety of structural and mechanical components across various industries 

(Mouritz, 2012). Among these materials, medium carbon steels, such as EN8, are extensively 

utilised due to their balanced combination of strength, ductility, and wear resistance (Singh, 

2012). EN8 steel, characterised by its carbon content ranging between 0.37% and 0.44% 

(McCauley, 2000) is widely employed in applications requiring moderate strength and 

toughness, including shafts, bolts, and gears (Islam and Rashed, 2019). Understanding the 

tensile properties of EN8 steel under different variables is essential for optimising its 

performance and extending its service life. 

Tensile Testing serves as a fundamental method for evaluating the mechanical properties of 

materials, providing critical insights into their behaviour under uniaxial stress (Hearn, 1997). 

This test measures key parameters such as ultimate tensile strength (UTS), Yield Strength 

and Young's Modulus (ISO, 2019), which are indispensable for material selection and 

engineering design. However, the tensile properties of EN8 steel can be significantly 

influenced by various factors, including thermal treatments (Chandran et al., 2022), surface 

conditions (Chen et al., 2023)and the presence of defects. Investigating these variables is 

crucial for tailoring the material properties to specific applications and enhancing their 

overall performance. 

This dissertation examines the tensile properties of EN8 medium carbon steel influenced by 

three distinct variables: the use of coolant during processing, surface finish quality, and the 

introduction of intentional defects. The justification for selecting these variables addresses 

critical real-world applications that affect the reliability, safety, and performance of EN8 in 

engineering applications; yet their combined effects on EN8 steel's tensile properties remain 

underexplored. 
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1.1Research Aim and Objective 

The primary objective of this research is to evaluate the tensile properties of EN8 medium 

carbon steel when varying machining variables are applied to test specimens. Specific 

objectives include: 

1.1.1 Application of coolant during machining operations 

The application of coolant during metal processing, such as machining or heat treatment, is 

a common practice aimed at controlling the temperature, reducing thermal stresses, and 

improving surface integrity (Zheng Yang et al., 2023). Coolants can influence the 

microstructure of EN8 steel by affecting grain size, phase transformations, and residual 

stress distribution, which in turn impact tensile properties (Chandran et al., 2022).  

 

 

 

 

 

 

 

 

Figure 1-Overview of the microstructure formation of steel. Source:(‘Summary of the phase transformations of steel | tec-
science’., 2018) 
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The grain size of ferrite–pearlite plays a crucial role in modifying its properties, as the 

boundaries between grains serve as obstacles to dislocation movement and crack 

propagation (Wang et al., 2018). The material adheres to the Hall–Petch relationship, which 

posits that grain size and strength have an inversely proportional relationship; as grain size 

decreases in iron and steel, material strength increases (Li et al., 2016). The final grain size is 

governed almost entirely by the cooling rate from the austenitising temperature (Callister 

and Rethwisch, 2020). Increasing the cooling rate of steel limits the grains' opportunity to 

grow, resulting in a progressively finer structure. Annealing, which involves slow cooling in a 

furnace, leaves the coarsest grains, giving the lowest strength but the greatest ductility and 

ease of cold-forming (Rathinasuriyan et al., 2023). Normalising in still air refines the 

structure, offering a balanced mix of strength, toughness and machinability (Liu et al., 2016). 

The fastest route to cooling-water or oil quenching (Srivastava et al., 2021)- maximises 

strength and fatigue resistance at the expense of higher residual stress and a greater risk of 

quench cracking or distortion (Šolić et al., 2018). In summary, understanding how different 

cooling regimes alter the tensile characteristics of EN8 steel can inform optimal processing 

techniques to achieve the desired mechanical performance. 

1.1.2 Surface Finish 

Surface finish refers to the texture and smoothness of the material's surface after 

processing (McCauley, 2000). A finer surface finish typically indicates fewer surface 

imperfections and lower stress concentrations, which can enhance tensile strength and 

fatigue resistance (Persson, 2023). Conversely, a rougher surface finish may introduce stress 

risers that act as initiation points for cracks, thereby reducing the material's tensile capacity 

(Budynas et al., 2011). Surface finish is commonly measured in micrometres (µm) and can 

be quantified using several methods. International standards, such as ISO 4287 (profile 

parameters)(ISO, 1997) and the newer ISO 21920-2 (profile method)(NSAI, 2022), outline a 

set of roughness descriptors, with arithmetic-average roughness (Ra), root mean squared 

roughness(Rq), and average maximum height roughness (Rz) being the most frequently 

used(Ruzova and Haddadi, 2025),(Hamzah et al., 2022). While Ra and Rq offer a single-value 

measure of overall roughness amplitude, Rz is more attuned to distinct deep valleys or high 

peaks of the surface of the material (Ruzova and Haddadi, 2025). Additional parameters, 

such as RSm for mean spacing and Rsk for skewness, are utilised when the lay, lubrication, 
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or contact behaviour is critical (Zhu and Huang, 2017). Ra is most commonly used within 

industry applications (Hamzah et al., 2022), and it is formally defined as the mean of the 

absolute profile height deviations taken over a specified sampling length (ISO, 1997). The 

quantity is therefore an amplitude-only statistic, insensitive to whether the profile contains 

a few tall peaks or many shallow ones. Due to its simplicity, it has secured its place being 

used widely in numerous manufacturing drawings and quality manuals (McCauley, 2000).  

Investigating the relationship between surface finish and tensile properties of EN8 steel 

provides valuable information for manufacturing processes where surface quality is critical 

to component performance (Persson, 2023). 

1.1.3 Surface defects 

Introducing controlled defects into a material allows the study of their effects on mechanical 

properties under tensile loading (Wang et al., 2022). Defects such as notches, voids, or 

inclusions can serve as stress concentrators (Callister and Rethwisch, 2020), influencing the 

initiation and propagation of fractures (Hearn, 1997). By intentionally incorporating specific 

defects into EN8 steel specimens, this study aims to quantify their impact on tensile 

behaviour and identify the threshold levels at which defects significantly degrade material 

performance. This knowledge is essential for quality control and predicting components' 

lifespan subjected to service-induced defects. 

1.2 Methodological Approach 

This study adopts a systematic experimental method, involving the preparation of EN8 steel 

specimens exposed to different cooling processes, surface finishes, and defect 

introductions. To ensure the reliability and consistency of the results, tensile tests were 

carried out in accordance with ISO 6892-1 standards. An optical microscope was used for 

microstructural analysis, which complements the mechanical testing by offering insights into 

the material changes caused by the examined variables. Statistical analysis was conducted 

to interpret the data and identify significant correlations between the tested variables and 

tensile properties. 
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1.3 Research Significance 

The relationship between cooling methods, surface finish, and material defects presents a 

comprehensive approach to understanding the tensile properties of EN8 medium carbon 

steel. This dissertation investigates how these factors influence the tensile behaviour of EN8 

steel. While individual studies have examined the effects of each variable separately, there 

is a lack of research exploring their impact in a unified study. As a secondary research 

objective, this project's experimental and theoretical findings were utilised to enhance the 

understanding and application of tensile testing procedures at the Author's place of work- 

the Engineering Department at NPTC Group of Colleges.  NPTC Group is a major further 

education and skills provider in Wales, formed on 1 August 2013 through the merger of 

Neath Port Talbot College (initially founded in 1931) and Coleg Powys (NPTC, 2025). It 

teaches approximately 20,000 learners annually and serves a catchment area covering 

about 30 % of Wales’s land mass, stretching from coastal Neath Port Talbot into rural 

Powys. 

1.4 Dissertation Structure 

Chapter 2 outlines a clear timing plan that logically maps out each project phase. Chapter 3 

presents a thorough literature review, summarising current research on the tensile 

properties of medium carbon steels and the effects of cooling, surface finish, and defects. 

Chapter 4 details the experimental methodology, including specimen preparation, testing 

processes, and analytical techniques. Chapter 5 displays the results of the tensile tests in 

both tabular and graphical forms. Chapter 6 examines the findings, discusses 

microstructural analyses within the context of the research goals and existing literature, and 

emphasises significant insights and implications. Lastly, Chapters 7 and 8 conclude the 

dissertation, providing recommendations for future research and practical applications 

based on the study's results. 
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2.Timing plan 

This chapter depicts two Gantt charts created using Microsoft Project: a formative sample 

produced at the start of the project and a summative Gantt chart reflecting a revised plan 

upon completion.  

2.1 Original Timing Plan 

The Gantt chart in Fig.2 shows the original timing plan proposed for this project. As 

illustrated, the project was organised into four phases: Initiation, Creation and 

Experimentation, Analysis of Findings, and finally, Submission and Presentation. 

The plan for the initiation phase consisted of creating my project proposal and conducting 

early research, culminating in an interim Viva. This phase was proposed to last 70 days, from 

06/09/24 to 13/12/24. The creation and experimentation phase was scheduled to last 56 

days, from 13/12/24 to 28/02/25. During this phase, the experimental methodology was 

written and executed to capture the quantitative and qualitative data necessary for analysis. 

The third phase- Analysis of Findings- was projected to span 57 days, from 28/02/25 to 

19/05/25. This phase focused on processing the data captured in the previous phase and 

producing a report detailing my analysis and findings. The final phase- Submission and 

Presentation- was forecasted to last 30 days, from 19/05/25 to 27/06/25. This phase 

concludes the project and is marked by the submission of this dissertation and the final Viva 

presentation. 
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Figure 2-Original Gantt chart of the timing plan 
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2.2 Revised Timing Plan  

Upon completion of this dissertation, a revised Gantt chart is presented in Fig.3 to reflect 

changes made to the original plan. The first phase was completed as planned within the 

initially proposed timeframe and did not experience any setbacks; however, this was not the 

case for the following two phases. Delays in manufacturing the test samples pushed the 

closing date of phase two to 09/04/24 (as indicated by the red bar next to phase two). This 

delay had a downstream effect on phase three, extending the completion of the dissertation 

to 11/05/25. The final phase returned to plan and was completed as expected by 19/05/25.  

Figure 3-Revised Gantt chart of the timing plan 
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3.Literature Review 

3.1 Tensile Testing 

Tensile Testing is a widely utilised method in materials science, especially for evaluating the 

mechanical properties of metals (Harding et al., 1960), (Banerjee et al., 2021). This type of 

testing provides critical information about the behaviour of metals under tension, including 

their Tensile Strength, Yield Strength, Elongation, and Elastic Modulus (Callister and 

Rethwisch, 2020). The process is essential for determining how a metal will respond to 

mechanical stresses in practical applications (Hearn, 1997)making it key in quality control 

(Loveday et al., 2004), material selection (Callister and Rethwisch, 2020)and engineering 

design (McCauley, 2000). 

The Tensile Testing process starts with the meticulous preparation of test specimens. These 

specimens must be shaped and sized according to established standards to ensure 

consistency and reliability in the test outcomes. Standards such as ASTM E8/E8M and ISO 

6892-1 are commonly adhered to for metallic materials. These standards outline precise 

guidelines regarding the specimens' shape, dimensions, and surface integrity. The most 

frequently used shapes are dog-bone or cylindrical geometries, designed to ensure failure 

occurs within the gauge section where stress is most uniform. Various factors can affect the 

results of a tensile test, making it crucial to control these variables for achieving accurate 

and reproducible data. 

The Tensile Test is conducted using a universal testing machine (UTM) (Fig.4) specifically 

designed to apply a uniaxial tensile force to the metal specimen (Fábián and Gergely, 2020). 

The UTM setup includes grips that securely hold the specimen (Fig.15), a load cell that 

measures the force applied, and an extensometer or strain gauge to measure the elongation 

of the specimen during testing precisely (Huňady et al., 2024). Accurate data collection 

requires high-precision equipment to capture both the applied load and the corresponding 

elongation of the specimen in real-time. Once the specimen is mounted, the tensile force is 

applied at a controlled rate, typically in accordance with standardised strain rates such as 

those outlined in ASTM E8 (2021). This controlled loading ensures the material's response is 
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captured accurately without introducing additional variables from testing equipment or 

procedures. 

 

Figure 4-Universal Testing Machine (UTM).Source :(labrotovap, 2020) 

During the test, the machine continually records the force exerted on the specimen (Fig.16) 

and its corresponding elongation until it eventually fractures (Fig.17). The gathered data 

produces a stress-strain curve (Figs. 25, 27, 29 & 31), essential for determining important 

material properties (Callister and Rethwisch, 2020). This curve reveals various mechanical 

properties, including yield strength, which signifies the stress level at which the material 

begins to deform plastically; UTS, representing the maximum stress the metal can bear 
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before necking happens; and elastic modulus, which quantifies the material's stiffness (John, 

2003). Moreover, the elongation at break measures ductility, showing how much the 

material can stretch before failure (Dowling et al., 2020). The results from several specimens 

are then statistically analysed to find mean values and standard deviations, ensuring that 

the reported values are robust and representative of the material's characteristics (ISO 

6892, 2019; ASTM 8M, 2021). The principles discussed in this section are applied in practice 

in Chapter 4.4. 

 

Figure 5-Representation of different types of tensile test specimens. Source:(Mechanical Test Specimens - Tensile Test 
Specimens - Fracture Mechanics Specimens, 2025) 

3.2 Surface finish and its effect on tensile properties 

Research suggests that surface finish can be a critical factor in test reliability, as 

imperfections can act as stress concentrators, potentially skewing results (Persson, 2023). A 

rough surface finish, often caused by coarse feed rates (Fig.6) (Abellán-Nebot et al., 2024), 

scratches, or tool marks (Ghazali et al., 2019), may reduce the UTS by creating stress 

concentrations that act as crack initiation sites (Chen et al., 2023). In contrast, a smooth 

surface finish enhances strength by distributing the applied load more evenly and 

minimising these stress risers  (Wang et al., 2024). 
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Figure 6-Diagram of a CNC lathes feed rate vs surface finish. Source:(Aldaş et al., 2014) 

Yield Strength is generally less affected by surface finish than UTS, though rougher surfaces 

can lead to slightly lower yield strength due to the premature initiation of plastic 

deformation (Nafar Dastgerdi et al., 2021). Ductility, on the other hand, is significantly 

impacted, as rough finishes reduce elongation before failure by promoting early crack 

initiation (Chen et al., 2023). A smoother finish allows the material to undergo greater 

deformation before fracture, improving overall ductility (Zhu et al., 2021). 

Fatigue strength is one of the most sensitive properties to surface finish. Rough surfaces 

with machining imperfections create stress concentrations that accelerate crack growth, 

lowering fatigue resistance (McKelvey and Fatemi, 2012). In contrast, polished or finely 

machined surfaces improve fatigue life by minimising defects that can lead to premature 

failure (Ye et al., 2021). Additionally, surface finish influences fracture behaviour, with rough 

surfaces promoting brittle fracture and smooth surfaces encouraging ductile fracture by 

allowing more plastic deformation before breaking (Liu and Nambu, 2024). 
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Another critical factor is the effect of machining on residual stresses. Rough machining 

methods, such as turning or milling at high feeds and speeds, can introduce tensile residual 

stresses, which lower fatigue resistance (la Monaca et al., 2021). Conversely, fine finishing 

techniques like grinding and polishing often induce compressive residual stresses, which 

enhance fatigue life and resistance to crack initiation (Pramanik et al., 2017).  The principles 

discussed within this section are explored experimentally in Chapters 4-6, where cylindrical 

test specimens were machined with differing surface finishes (Table 4) to assess their tensile 

properties. 

3.3 The effects of heat on tensile specimen properties 

For metallic specimens, factors such as composition, microstructure, and prior heat 

treatment can significantly impact tensile properties (Wang et al., 2023). For instance,  

thermal cycling can affect materials' strength, ductility, and toughness, making it crucial to 

standardise preparation procedures (Dowling et al., 2020). Additionally, the dimensions of 

the specimen, particularly the cross-sectional area and gauge length, directly influence the 

calculation of stress and strain (ISO, 2019). Therefore, adherence to standard dimensions 

prescribed by ASTM and ISO guidelines is critical. 

Environmental conditions during testing also play a significant role in the results. 

Temperature, in particular, can alter the mechanical behaviour of metals; tensile properties 

such as Yield Strength and elongation are temperature-dependent (Zou et al., 2023). Thus, 

while most tests are conducted at room temperature, specific applications may require 

testing under elevated (Shaheen et al., 2023) or sub-zero temperatures (Balakrishnan et al., 

2016) to simulate real-world conditions. Similarly, strain rate — the speed at which the load 

is applied — can influence properties such as yield strength and ductility (Wang et al., 2017). 

Metals tested at higher strain rates may exhibit different mechanical responses than those 

tested at slower rates. Hence, selecting the appropriate strain rate is crucial for obtaining 

meaningful results. 

Cutting fluids are critical in machining, particularly where high temperatures and severe 

mechanical stresses are prevalent. The primary function of cutting fluids is to cool and 

lubricate the cutting zone (Zheng Yang et al., 2023). These functions are essential to reduce 
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friction, control temperature, extend tool life, reduce wear, and improve surface finish (Yan 

et al., 2016). As a secondary function, cutting fluids have corrosion inhibitors to protect 

machined surfaces and act as a cleaning operation, which aids in the removal of chips and 

other debris, ensuring smooth machining operations. 

Research highlights the importance of the penetration capability of cutting fluids in 

improving cooling and lubrication efficiency. Several penetration models, such as the 

Williams-Tabor model (Dowling et al., 2020), emphasise the role of capillary action in 

delivering lubricants to the cutting zone. Recent studies have focused on the use of 

minimum quantity lubrication (MQL) and high-pressure coolant systems to enhance fluid 

penetration and improve machining efficiency (Said et al., 2019; He et al., 2023). MQL, in 

particular, has shown promise in reducing cutting forces and tool wear while being 

environmentally friendly. The effects of coolant use (20L/min versus 0L/min) on the tensile 

properties of 1.6µm cylindrical is assessed both in practice and analytically between 

Chapters 4-6. 

 

Figure 7-Image of a milling machine using soluble oil coolant. (‘Types of CNC Coolants: How to Choose One in Machining? - 
WayKen’., 2023) 
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3.4 Theories of simple elastic failure 

The strength of materials under complex stress is not generally known, and it is these 

complicated systems of stress which are most often encountered in practice (Hearn, 1997). 

Therefore, it is necessary to have some basis for calculating allowable working stresses to 

predict the behaviour of a material under different loading conditions. This data is key in 

designing structures and minimising the chance of structural failure (Dowling et al., 2020). 

Several theories exist in this realm, each seeking to estimate component life under service 

load conditions. 

Rankine’s maximum principal-stress criterion posits that yielding or fracture initiates when 

the largest normal stress matches the uniaxial tensile limit (Qu et al., 2016). While it 

effectively captures the cleavage-dominated behaviour in brittle solids, it overlooks the 

crucial influence of shear in metals (Hearn, 1997). Evidence suggests that it should not be 

used for ductile materials as they do not fail with direct stresses applied, but rather in shear 

on 45° planes to the specimen's axis. 

Guest-Tresca’s maximum shear-stress theory enhances this approach by linking failure to 

when the difference between the largest and smallest principal stresses equals the 

material’s tensile yield strength (Qu et al., 2016). Research suggests this method produces 

fairly accurate correlations in experimental results, especially in ductile materials in machine 

design. 

Although Guest-Tresca’s theory is still widely used for efficiency (Aleksandrova, 2019), the 

maximum distortion energy theory provides a more reliable basis for estimating complex 

system response (Hearn, 1997).  Often shortened to Von Mises, the theory states that 

yielding occurs when the maximum distortion energy equals the distortion energy at 

yielding in a uniaxial tensile test. This theory considers the difference between the principal 

stresses in the system and is therefore independent of hydrostatic stresses (Dowling et al., 

2020). Research suggests that for routine tensile characterisation and subsequent multiaxial 

design of ductile components, this theory provides the least conservative and most 

physically justifiable description of initial yielding (Shrivastava et al., 2012). This section 

directly relates to Chapter 6, where the failure mode of EN8 tensile specimens is assessed 

and discussed. 
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3.5 Crack initiation 

Crack initiation in EN8 steel often arises from regions with prevalent stress concentration, 

such as sharp corners, holes, keyways (Fig.8), or other geometric features (Liu et al., 2023). 

These features significantly elevate local stress, leading to the nucleation of microscopic 

cracks. Under cyclic loading conditions, fatigue becomes a predominant crack initiation 

mechanism (Singh et al., 2021). Surface irregularities, machining marks, and material 

inclusions, such as manganese sulphides or oxide impurities, can act as stress raisers, 

facilitating early crack formation (Zhu et al., 2023). Additionally, environmental conditions 

such as moisture, corrosion, or exposure to aggressive chemicals can induce corrosion pits 

on surfaces, further promoting crack initiation through corrosion fatigue (Manjunath and 

Surendran, 2013). 

 

 

Figure 8-Image depicting crack initiation from a keyway. Source:(How does a propeller ‘fall off’? - Professional Mariner 
Forum, 2020) 
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EN8 steel typically undergoes ductile fracture (Fig.9) under overload or excessive tensile 

stress. This fracture mode involves void formation and coalescence, producing distinctive 

dimples on fracture surfaces and significant plastic deformation (Callister and Rethwisch, 

2020). Though less common, brittle fracture (Fig.9) is possible under certain conditions, such 

as low temperatures or surface defects (Kumar et al., 2016), resulting in minimal plastic 

deformation (Qiu et al., 2014). 

 

Figure 9-Examples of (a)ductile and (b) brittle failure. Source:(Callister and Rethwisch, 2020) 

Crack propagation in EN8 steel is significantly affected by various factors, including 

microstructural characteristics, heat treatment techniques, residual stresses, and specific 

loading conditions (Callister and Rethwisch, 2020). The ferrite-pearlite microstructure, grain 

size, and phase distribution directly impact fracture toughness and fatigue resistance; 

generally, smaller grain sizes improve these properties. Proper heat treatment, such as 

quenching followed by tempering, can optimise hardness and toughness (Srivastava et al., 

2021), thereby decreasing the likelihood of rapid crack growth. Conversely, inadequate heat 

treatment may lead to excessive brittleness, accelerating crack propagation (Ravindran et 

al., 2021).  

Residual stresses introduced during manufacturing processes- like machining, welding, or 

heat treatment- also critically influence crack growth behaviour (Callister and Rethwisch, 

2020). Tensile residual stresses increase crack propagation rates, while compressive residual 
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stresses help to inhibit it (Zhang et al., 2002). Additionally, higher cyclic stress amplitude, 

increased mean stress, or greater loading frequency can accelerate fatigue crack 

propagation, thereby reducing component lifespan (Dowling et al., 2020). 

This section is explored experimentally in Chapters 4-6, where cylindrical test specimens 

were machined with intentionally introduced circumferential surface defects to assess their 

tensile properties. Regarding the test specimens' failure mode, the images of the test 

specimens post-fracture can be viewed in Figs. 35,37,38 and 39. 

3.6 Number of test specimens 

In tensile testing of metals, research generally recommends testing at least three (Kikuchi et 

al., 2017; Kumar et al., 2021) to five (Sunder Singh et al., 2020) specimens to ensure 

statistically reliable results (Chen et al., 2023). Testing multiple specimens is crucial because 

it helps account for inherent variability in the material, ensuring that the measured 

mechanical properties accurately represent the material's overall behaviour. By testing 

several specimens, it becomes possible to detect and exclude outliers that may arise due to 

material defects, errors in specimen preparation, or anomalies in the testing equipment 

(Chen et al., 2023). This practice is essential for quality assurance, providing confidence that 

the material consistently meets the required specifications. These principles are applied 

experimentally in Chapter 4, where three tensile test specimens over five variables were 

tested. 

3.7 Error in measurement 

Every quantitative result includes a measurement uncertainty, which reflects the range of 

values that can reasonably be assigned to the measurand (Raghavendra and Krishnamurthy, 

2013). Reporting this uncertainty is crucial, as it helps readers determine whether observed 

differences hold statistical and practical significance, aids in comparing results obtained 

from various sources, and supports conformity assessments (BIPM, 2023).  

Uncertainty can stem from several origins, including instrument resolution and drift, 

environmental factors, operator techniques, reference standards, data-processing 

algorithms, and model assumptions (Smith, 2016). These elements are integrated to 

produce a single standard uncertainty for each input parameter, which is then propagated 
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through the measurement model to calculate the overall combined standard uncertainty of 

the result 

Creating and measuring cylindrical test specimens with a high degree of accuracy is essential 

for ensuring reliable results (ISO, 2019). This work involves using micrometers, vernier 

callipers, and surface finish profilometers—each suited to a specific measurement aspect, 

yet all susceptible to different error types. Understanding how these errors arise and how to 

minimise them is key to producing consistent and reliable data (Smith, 2016). 

Measurement errors generally fall into a few distinct categories. Some are systematic, 

caused by factors such as calibration drift, environmental effects, or subtle flaws in the 

setup that introduce the same consistent error (Jiang and Whitehouse, 2012). Others are 

random, occurring unpredictably due to small vibrations (Holman, 2012), slight variations in 

hand pressure, or moment-to-moment inconsistencies that no amount of planning can 

entirely eliminate (Raghavendra and Krishnamurthy, 2013). 

There is also the human element, such as misreading a scale through parallax error, 

misaligning a tool, or even rushing the process. Even the most precise instrument is only as 

effective as the individual using it (Raghavendra and Krishnamurthy, 2013). Moreover, tools 

themselves can wear out; for instance, a micrometer with a worn spindle or a calliper with 

loose jaws will not yield reliable results, regardless of how carefully they are used (Smith, 

2016). 

Instrument resolution is also significant. A manual vernier calliper, offering a resolution of 

0.02 mm (Mitutoyo, 2015), is suitable for quick, general measurements, but it has its 

limitations, especially when very tight tolerances are involved (Raghavendra and 

Krishnamurthy, 2013). Micrometers better serve this need, offering much finer resolution, 

typically 0.01 mm in mechanical types and down to 0.001 mm in digital versions (Mitutoyo, 

2015). They are suited for detailed work but require more careful handling (Raghavendra 

and Krishnamurthy, 2013). Surface finish profilometers go even further, capable of 

measuring roughness at the micron or sub- micron level—sometimes down to 0.001 µm 

(Mitutoyo, 2015). This level of sensitivity is crucial when evaluating how a surface might 

behave in service, especially concerning friction or fatigue (Guo et al., 2024). The principles 
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discussed here were key to the experimental method of this testing regimen and were used 

to ensure the geometrical accuracy of the test specimens. These principles are applied 

within Chapter 4 and expanded upon in Chapter 6. 

3.8 Surface microscopy 

Surface microscopy plays a crucial role in assessing the microstructural characteristics of 

metallic specimens which are essential for understanding mechanical behaviours. Typically, 

EN8 steel consists of a ferrite-pearlite structure in its normalised condition (Sunder Singh et 

al., 2020b), which can be significantly altered by heat treatments such as annealing, 

quenching, and tempering (Gopalkrishna et al., 2019). Optical and electron microscopy 

techniques provide insights into these microstructural changes and their impact on material 

properties (Moleejane et al., 2014). 

The ferrite phase, appearing as light-coloured regions in optical microscopy, provides 

ductility, while the pearlite phase, which appears as darker regions, enhances strength and 

hardness. The proportion of these phases directly influences the mechanical properties of 

EN8 steel (Sanusi et al., 2015). Annealing results in a coarser ferrite-pearlite structure, 

improving machinability but reducing hardness. Quenching leads to the formation of 

martensitic structures, increasing hardness and wear resistance, whereas tempering 

reduces internal stresses and enhances toughness by converting martensite into tempered 

martensite or bainite (Biswas et al., 2018). 

Surface microscopy is also instrumental in identifying defects such as porosity, cracks, and 

segregation in specimens, which significantly impact mechanical performance and reliability 

(Moleejane et al., 2014). Inclusions, which are non-metallic particles, weaken mechanical 

properties and act as stress concentrators (Lambrighs et al., 2010). Micro-cracks, observed 

under SEM, can lead to premature failure under cyclic loading, while decarburisation, the 

loss of carbon at the surface, affects hardness and wear resistance (Solgi et al., 2023). 
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Several microscopy techniques are often employed to analyse metallic specimens' surface 

morphology and microstructure. Optical microscopy is commonly used for initial 

microstructural examination, offering information on surface roughness (Smith, 2016), 

microstructural (Callister and Rethwisch, 2020), and topographical variations (Chen et al., 

2023). Samples are prepared through cutting (Fig.19), polishing (Fig.22), and etching with an 

acidic medium (Nital)(Fig.23) to reveal grain boundaries and phase structures (Balusamy et 

al., 2024). Scanning Electron Microscopy (SEM) provides high-resolution imaging of the 

surface morphology and microstructural features of EN8 steel (Prabhu et al., 2022), aiding in 

detecting inclusions, carbides, and micro-cracks critical for assessing material performance 

(Moleejane et al., 2014).  The fractured tensile test specimens prepared in Chapters 4.1-4.4 

are processed using the principles discussed here to prepare samples for microstructural 

observations. These images and assessment can be viewed in Figs. 42,43,44,45 and 46. 

 
 
 
 
  



22 
 

4.Experimental Methodology 

 

4.1 Materials Selection 

EN8 steel is an unalloyed medium-carbon steel often chosen for applications that require 

stronger mechanical properties than mild steel, but without the added cost of alloy steels. 

Due to its versatility and favourable characteristics, it is widely used in the automotive 

industry and general engineering. Research shows EN8 is readily machinable, making it easy 

to process and manufacture (Prabhu et al., 2022). Furthermore, it is available in various 

forms such as round, square, flat, and plate stock. Additionally, it can be heat-treated—

commonly by flame or induction hardening—to achieve a robust surface hardness and 

moderate wear resistance (Sanusi et al., 2015). 

These qualities make EN8 an optimal choice for this project. Its combination of cost-

effectiveness, heat treatability, and ease of machining aligns with the study's requirements, 

ensuring practical feasibility and reliable results.  

Key material data is provided in the succeeding tables. Table 1 depicts the results of the 

chemical composition of the EN8 tested in this case as provided by the supplier (App.1). 

Table 2 shows the tensile test results for the steel provided during this batch. The 

manufacturer's Tensile Test was carried out to ISO 6892-1 standards; therefore, this data 

was used to reference the results in Chapter 5. Finally, Table 3 provides the equivalent 

material specifications for international standards to allow for modification and 

experimental repeatability for future research. 
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Manufacturer: Hascelik Country of origin: Turkey 

Mode of 
manufacture: 

Cold-drawn extrusion 

Supplier: Rapid Metals  Location of 
purchase: 

United Kingdom 

Chemical Element Max (%) Min (%) Measured Value (%) 

C 0.44 0.36 0.37 

Si 0.4 0.1 0.23 

Mn 1.0 0.6 0.66 

P 0.05 0.0 0.014 

S 0.05 0.0 0.028 

Cr 0.3 0.0 0.23 

Ni 0.3 0.0 0.13 

Al 0.3 0.0 0.019 

Cu 0.4 0.0 0.16 

Mo 0.08 0.0 0.04 

V 0.1 0.0 0.005 

B 0.0008 0.0000 0.0001 

Ti 0.0500 0.0000 0.0088 

Sn 0.0000 0.0000 0.0000 

Pb 0.0400 0.0000 0.0000 

Nb 0.060 0.000 0.001 

Cr Mo Ni 0.00 0.00 0.040  
Table 1-Mill test certification showing the Chemical Composition of Cold Drawn 8mm EN8 Steel round bar 

 

 

Measured Property Max Min Manufacturers' 
tensile test results 
(EN ISO 6892-1) 

Yield Strength 
(N/mm²) 

N/A 530 621 

Tensile Strength 
(N/mm²) 

N/A 660 786 

Elongation (%) N/A 7 9.9 

Reduction in area 
(%) 

99 N/A N/A 

Table 2-Mechanical Properties 8mm EN8 round bar 
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Standard system Indentifier 

BS970 1955 EN8 

BS970/PD970 080M40 (1970 onwards) 

European Standards C40, C45, Ck40, Ck45, Cm40, Cm45 

Werkstoff Numbers 1.0511, 1.1186, 1.1189 

US SAE (AISI): 1039, 1040, 1042, 1043, 1045 
Table 3-Equivalent material grades of EN8 for repeatability 

4.2 Sample Preparation 

The samples in this case (App. 3 and 4) were manufactured using the ISO 6892-1 standard 

for most dimensional tolerances. However, due to the availability of suitable gripping 

devices for cylindrical test specimens, it was necessary to modify the transition radius to suit 

a pattern test specimen supplied by TecQuipment. 

All test specimens were manufactured using an XYZ CT52 CNC lathe using Sandvik Carbide 

tooling under controlled parameters as stipulated in Tables 4,5, and 6. 

As justified in section 3.4, three test specimens were tested against five distinct variables as 

shown in Tables 4,5 and 6, where the testing parameters are outlined. As shown, a total of 

fifteen test specimens were required. Furthermore, as highlighted in Tables 4 and 5, the 

tensile results for the 1.6 µm specimens were used twice due to the matching specimen 

parameters, removing the need to duplicate three more samples. 

 

 

Average surface roughness 
(𝑅𝑎) 

Number of specimens Application of 
coolant(L/min) 

1.6 µm 3 20 

3.2 µm 3 20 

6.4 µm 3 20 
Table 4-Surface roughness parameters  

 

Application of 
coolant(L/min) 

Number of specimens Average surface roughness 
(𝑅𝑎) 

20 3 1.6 µm 

0 3 1.6 µm 
Table 5-Application of coolant parameters 
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Simulated defect in 
centre of test piece 

(Y/N) 

Number of 
specimens 

Average surface 
roughness (𝑅𝑎) 

Application of 
coolant(L/min) 

Y 3 3.2 µm 20 
Table 6-Simulated surface defect parameters 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10-Image of Specimen nomenclature. Source:(ISO 6892, 2019) 

 

4.2.1 Test specimen dimensions, without surface defect 

Feature Nominal 
Dimension 
(mm) 

Tolerance(mm) ISO 6892-1 
Standard (Y/N) 

Gauge diameter 
(𝐷𝑂) 

5 ±0.03 Y 

Gauge Length 
(𝐿𝑂) 

25 ±0.10 Y 

Parallel Length 
(𝐿𝐶) 

30 ±0.10 Y 

Total Length of 
test specimen 
(𝐿𝑇) 

40 ±0.20 Y 

Transition radius 1.5 ±0.10 N 
Table 7-Dimensions of test specimens without surface defect 
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4.2.2 Test specimen dimensions -with surface defect 

Feature Nominal 
Dimension 
(mm) 

Tolerance(mm) ISO 6892-1 
Standard (Y/N) 

Gauge diameter 
(𝐷𝑂) 

5 ±0.03 Y 

Gauge Length 
(𝐿𝑂) 

25 ±0.10 Y 

Parallel Length 
(𝐿𝐶) 

30 ±0.10 Y 

Total Length of 
test specimen 
(𝐿𝑇) 

40 ±0.20 Y 

Transition radius 1.5 ±0.10 N 

Width of surface 
defect (W.O.D) 

1 ±0.20 N 

Defect diameter 
(D/⌀) 

4.1 ±0.10 N 

Radius of notch 0.5mm N/A N 
Table 8-Dimensions of test specimen with surface defect 
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Figure 11-Orthographic drawing depicting notched test specimen 

 

4.2.3 Specimen quality protocols 

As shown in Table 9, a quality protocol was established in this case. All test specimens were 

measured using precision tooling to ensure accuracy, reduce errors and reduce the 

likelihood of anomalous results. Each tool was checked for calibration before measuring the 

samples.  

In the case of the 0-25mm micrometer, it was indexed to fully closed to ascertain its 

accuracy (Fig. 12). The 0-position of the main scale corresponded with the 0-position gauge 

line on the thimble, providing a positive indication of its accuracy.  

The digital vernier calliper was calibrated using a similar method; It was completely closed, 

and the digital scale was zeroed (Fig. 12).  This calibration method was repeated after 

measuring every three specimens for both measuring instruments. 

The radius gauges calibration check was more rudimentary, where they were referenced 

against a master set of female radius gauges. 

Finally, the Mitutoyo Surftest surface profilometer (Fig.13) was calibrated against a 

proprietary reference plate; the calibrated figure was then checked against the digital 

readout on the machine to confirm its measurement. 
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Measuring equipment Manufacturer Feature to measure Calibrated to 
standard 

0-25mm outside 
micrometer 

Mitutoyo Diameters Y 

150mm Digital 
Vernier calliper 

Mitutoyo Diameters/Lengths Y 

0.5-12mm radius 
gauges 

Moore & Wright Radii Y 

Digital Surface 
Profilometer 

Mitutoyo Surftest Average surface 
roughness 

Y 

Table 9-Testing protocol of specimens. 

 

 
 

 
Figure 12-0 to 25mm Mitutoyo micrometer and 0-150 Mitutoyo digital vernier with test specimens 
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Figure 13-Mitutoyo Surftest surface profilometer. Source:(Surface Roughness Measuring Systems | Mitutoyo America 
Corporation, 2025) 

4.2.4 Uncertainty in measurement 

 
The uncertainty for the direct measurement equipment used has been calculated as (ISO, 
2019): 
 

𝑈𝑟𝑒𝑠 =  
𝑅𝑖

2
 

Equation 1-Uncertainty in measurement 

Where: 
𝑈𝑟𝑒𝑠 = The resolution uncertainty 
𝑅𝑖 = The resolution 
 
In terms of calculating the standard uncertainty, it is calculated as (BIPM, 2023): 
 
 

𝑈𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 =  
(𝑅𝑖 ÷ 2)

√3
 

Equation 2- Standard uncertainty 
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Measuring 
equipment 

Resolution Uncertainty ±(µm) Standard 
uncertainty ±(µm) 

0-25mm outside 
micrometer 

0.01(mm) 0.005(mm) 0.002887 

150mm Digital 
Vernier calliper 

0.01(mm) 0.005(mm) 0.002887 

Digital Surface 
Profilometer 

0.01(µm) 0.005(µm) 0.000289 
 

Table 10-Measuring uncertainty calculations of geometrical measuring equipment. 

 

4.3 Recorded dimensions of test specimen geometrical dimensions. 

This section shows a record of the critical test specimen geometrical dimensions in tabular 

format. Each measurement is repeated five times to allow for the calculation of averages 

necessary for statistical accuracy of tensile results.  

 

4.3.1 Test specimen table nomenclature 

Table nomenclature  Description 

S/Nº Sample number 

𝐷𝑂  Gauge diameter 

𝐿𝐶   Parallel length 

D/⌀ Notch diameter 

W.O.N Width of notch 

R.O.N Radius of notch 

Ra Average surface roughness 
Table 11-Test specimen table nomenclature. 
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4.3.2 Measurement record of the 6.4 µm specimens  

This section shows a test record of critical measurements required for the tensile 

experiment and results in Sections 5.1.1 and 6.1.1. 

Table 12-6.4µm Ra critical measurement record. 
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4.3.3 Measurement record of the 3.2µm specimens  

This section shows a test record of critical measurements required for the tensile 

experiment and results in Sections 5.1.2 and 6.1.2. 

 
Table 13-3.2µm Ra specimen critical measurement record. 
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4.3.4 Measurement record of the 1.6µm specimens (with coolant used)  

This section shows a test record of critical measurements required for the tensile 

experiment and results in Sections 5.1.3 and 6.1.3. 

 

1.6µm Ra coolant Critical measurement record 

S/Nº 
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Table 14-1.6 Ra specimen (with coolant) critical measurement record. 
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4.3.5 Measurement record of the 1.6µm specimens’ (dry turned)  

This section shows a test record of critical measurements required for the tensile 
experiment and results in Sections 5.1.4 and 6.1.4. 
 

Table 15-1.6µm Ra specimen (no coolant) critical measurement record. 
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4.3.6 Measurement record of the 3.2µm specimens with surface defect  

This section shows a test record of critical measurements required for the tensile 
experiment and results in Sections 5.1.5 and 6.1.5. 
 

3.2 µm Ra notched specimen Critical measurement record  
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Table 16-3.2µm Ra defect specimen body dimensions. 

Table 17-3.2µm Ra defect specimen notch dimensions. 

 

             
 

3.2µm Ra with defect The geometrical measurement record continued 
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4.4 Formulae used during the experiment. 

Symbol Definition 

Fm (kN) The maximum force a specimen 
experiences during tensile testing after 
the beginning of work hardening 

Rm (MPa) Ultimate tensile strength (maximum 
stress) 

Fp0.2 (kN) Force at 0.2% plastic strain (conventional 
yield point) 

Rp0.2 (MPa) Stress at 0.2% plastic strain (conventional 
yield strength) 

Ff (kN) Force at fracture (breaking force) 

Rf (MPa) Stress at fracture (breaking stress) 

Modulus (GPa) Young’s modulus (elastic modulus) 

𝑆𝑜 (mm²) Cross-sectional area  
Table 18-Tensile testing descriptive nomenclature. 

 

4.4.1 Determining the ultimate tensile strength (UTS) 

A definition of UTS is detailed in section 3.2 which can be viewed for further information. 
The UTS (engineering stress) is calculated as (ISO 6892, 2019): 
 

𝑅𝑚 =  
𝐹𝑚

𝑆𝑜
  

Equation 3-Ultimate tensile stress. 

Where 𝑆𝑜 The cylindrical test specimens are calculated as (ISO, 2019): 
 

𝑆𝑜 =
𝜋𝑑𝑜

2

4
 

Equation 4-Cross-sectional surface area. 

 

4.4.2 Determining the conventional yield point force 

In this case, the 0.2 offset-yield method is used to find the conventional yield point, as the 

EN8 does not produce a clear transition from the elastic to plastic zone. No arithmetic 

formula is used as the result was directly derived from the UTM software, which draws a 

line parallel to the elastic slope, displaced by 0.2 % of the extensometer gauge length. This 

intersection with the curve gives Fp0.2. (ASTM, 2013). 
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4.4.3 Determining the 0.2% conventional yield stress   

The 0.2% yield stress denotes the stress level where a material undergoes a permanent 

strain of 0.2%. In metals without a clear yield point, it is determined on a stress-strain curve 

by drawing a line parallel to the initial elastic slope, offset by 0.002 strain. This intersection 

marks the end of purely elastic behaviour and the start of significant, irreversible plastic 

deformation (ASTM, 2013). 

The 0.2% conventional yield stress is calculated as (ISO, 2019): 
 
 

𝑅𝑝0.2 =  
𝐹𝑝0.2

𝑆𝑜
  

 

Equation 5-0.2% Conventional yield stress. 

 

4.4.4 Determining Fracture Force  

The force at breaking is the final force recorded at the last data point before the loss of load 

caused by sample breakage (ISO, 2019). This is an automatically detected condition that 

requires no further calculation; the value is logged.  

 

4.4.5 Determining Fracture Stress 

Fracture stress is the amount of applied (nominal) stress at which a material breaks instead 

of continuing to deform. It signifies the shift from safe load bearing to catastrophic failure. 

Engineers determine fracture stress using a material’s stress–strain curve, specifically, the 

point where the curve ends after exceeding the ultimate tensile strength (Dowling et al., 

2020). 

The Fracture stress is calculated as (ISO, 2019): 
 
 

𝑅𝑓 =  
𝐹𝑓

𝑆𝑜
  

Equation 6-Fracture stress. 
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4.4.6 Determining elastic modulus 

The UTM software automatically calculated the Young's Modulus (E) during the test, though 

its theoretical basis is defined. Known as the modulus of elasticity, it refers to the ratio of 

normal (axial) stress to the related normal (axial) strain as the material remains in an elastic 

state. Essentially, it represents the slope of the linear-elastic portion of a stress–strain curve 

expressed as: 

𝐸 =  
𝜎

𝜀
  

Where: 

 

σ   =  
𝐹

𝑆𝑜
 

 

𝜀   = 
∆𝐿

𝐿𝑜
  

∆𝐿 = Change in length 

 

Combined, these definitions provide a practical testing formula as: 

 

𝐸 =  
𝐹 𝐿𝑜 

𝑆𝑜 ∆𝐿
  

Equation 7-Youngs Modulus. 

 

4.5 Tensile Test Procedure 

Tensile Testing was carried out on cylindrical EN8 steel specimens with a nominal diameter 

of 5 mm using a Dennison UTM equipped with a 100 kN load cell (Fig.15). The specimens 

were prepared according to standard geometrical requirements, ensuring a uniform gauge 

length and surface finish to minimise stress concentrations and provide reliable results. 

Before testing, each specimen was carefully measured using a Mitutoyo 0-25mm 

micrometer and a Mitutoyo 0-150mm digital vernier to determine the initial gauge length 

and diameter, which were recorded for calculating stress and strain. The specimens were 

then mounted in split collar grips (Fig.14), specifically selected to securely hold the 

cylindrical geometry without introducing excessive gripping stress or slippage. The split 
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collars were tightened uniformly to ensure axial alignment of the specimen within the grips 

and to minimise bending during loading.  

 

  

 

 

 

 

 

 

 

 

 

Figure 14- Split collar grip assembly. 
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Figure 15-Test specimen mounted in the split collar and assembled fully with the extensometer. 

The Dennison Universal Tester was calibrated prior to testing to confirm the accuracy of the 

load cell. The machine’s crosshead was set to move. A uniaxial tensile load was applied at a 

constant strain rate of 0.00025 𝑆−1as per ISO 6892-1 standard for materials that exhibit 

yield point phenomenon (ISO, 2019). The Test was conducted until the specimen fractured, 

and the load-extension and stress-strain curves were recorded. The initial setup ensured 

that the load applied was purely tensile and that eccentric loading was avoided. 

 

 

 

 

 

 

 

 

 

Figure 16-Image of PC with computer tensile testing software running. 
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Due to the limited gauge range of the Epsilon extensometer available, an additive-

manufactured jig was attached (Fig.15) to simulate the gauge length of the tensile 

specimens. This provided strain measurements during the test's initial elastic and yielding 

stages. As the test progressed beyond yield and significant plastic deformation began to 

develop, the extensometer was carefully removed before the final stages of the test to 

prevent damage to the sensitive instrument during specimen fracture. Subsequent strain 

measurements were then derived from the machine crosshead displacement and corrected 

as necessary for system compliance. During testing, load and extension data were recorded 

continuously until the specimen was fractured. Particular attention was paid to observing 

the yield point, ultimate tensile strength, fracture force and fracture mode. The stress-strain 

behaviour was plotted from the recorded data, and key mechanical properties such as 

Young’s modulus, yield strength, and ultimate tensile strength were determined. 

Upon completion of each test, fractured specimens were retrieved and examined visually 

and microscopically to assess fracture characteristics. Necking behaviour, surface defects, or 

features associated with the fracture process were documented as part of the analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17-Fractured test specimen post-test. 
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4.5.1 Monitoring of testing environmental conditions 

The laboratory's ambient temperature was continuously monitored during each tensile test 

in strict compliance with ISO 6892-1:2019, which requires that room-temperature tests be 

conducted within a (23 ± 5) °C range (ISO, 2019). A SwitchBot Smart Thermo-Hygrometer 

(model W3400010 ; accuracy ±0.2 °C, resolution 0.01 °C) (SHS, 2023) was positioned 

adjacent to the tensile tester at the level of the grips, ensuring that the temperature reading 

accurately reflected the material's temperature. 

The device recorded the temperature at one-minute intervals from 13:00 to 16:59 on 26 

March 2025. Following the tests, the data was transferred from the Switchbot mobile app 

via Bluetooth and exported to an Excel sheet. This data was used to create the 

temperature–time graph illustrated in Fig.18. During the monitoring period, the 

temperature varied from 18.0 °C to 21.6 °C, with an average of 21.4 °C and a standard 

deviation of 0.52 °c. 

90% of all readings were between 20.4 °C and 21.6 °c. Since every measurement 

comfortably fell within the ISO range (18 °C–28 °C)(ISO, 2019), no interruptions during 

testing or temperature adjustments were necessary, confirming that the results fully met 

the standard’s environmental-control criteria. 

 

Figure 18- Tensile testing temperature monitoring graph. 
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4.5 Microscopy Sample Preparation 

In preparation for the microstructural observation shown in section 6.2, it was first 

necessary to process the fractured tensile samples to remove existing scratches, surface 

defects or imperfections (Oliveira Da Vera et al., 2022). 

The preparation of EN8 steel samples for optical microscopy involved a series of precise 

mounting and polishing steps using Buehler metallographic equipment. Initially, the EN8 

specimens were sectioned to dimensions approximately 2.5mm thick using a hacksaw and 

filed by hand to minimise deformation and thermal damage (Oliveira Da Vera et al., 

2022)(Fig.19).  

 

 

 

 

 

 

 

 

 

 

Figure 19-Sample mounted in bench vice in preparation of filing. 

Hot mounting was carried out using a Buehler SimpliMet 1000 hot mounting press (Fig. 20), 

with a phenolic resin (Fig. 21). The mounting cycle was set to 290 bar, with a heating time of 

three minutes followed by a cooling time of five minutes, after which the mounts were 

removed once fully cooled. At this point, each mount was scribed for identification. 
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Figure 20-Beuhler SimpliMet 1000 sample mounter in open and closed conditions. 

 

 

 

 

 

 

 

 

 

 

Figure 21-Bakelite phenolic mounting resin. 

Grinding was conducted using a Buehler Vector power head Beta grinder-polisher. The 

initial grinding stage employed 120 grit silicon carbide (SiC) paper (Fig.22) while using a 

polishing medium to achieve a flat, uniform surface free of tool marks. Progressive grinding 

steps followed, using 240 SiC paper before a final polish (Fig.22). At each stage, the 

specimen was rotated by 90° relative to the previous grinding direction to remove scratches 

from the earlier step effectively. 
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Figure 22- Buehler power head polishing station. 

Following grinding, the specimens were subjected to polishing. Rough polishing was 

performed using a ChemoMet cloth charged with 9 µm diamond suspension, applying 25 N 

of pressure and consistent rotation until scratches from the grinding step were eliminated. 

Final polishing was achieved using Buehler MetaDi diamond suspension (3 µm particle size) 

to achieve a mirror-like finish. 
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To reveal the microstructure, an etching step was performed using Nital. Research suggests 

that a 2-3% concentration is most commonly used for surface microscopy (Obondo and 

Nyangoye, 2019) (Oliveira Da Vera et al., 2022), although in this case, only 5% was available. 

The 5% Nital solution comprised 5 mL of nitric acid suspended in 95 mL ethanol (Fig.23). The 

polished surface of the sample was lightly swabbed with the etchant for ten seconds until 

the surface turned cloudy, followed immediately by rinsing with isopropanol (Rodriguez‐

Galeano et al., 2023) and drying with warm air (Obondo and Nyangoye, 2019). 

 

Figure 23-Application of 5% Nital to etch the surface of microscopy samples. 
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Finally, the prepared samples were examined under a Nikon eclipse optical microscope 

(Fig.24). A Magnification of 60x was utilised to identify specific microstructural features of 

interest. Photographs were captured to document the observed structures. The dedicated 

digital camera system commonly used for capturing micrographs was unavailable, 

necessitating the use of a conventional digital camera positioned over the eyepiece, 

although it was not possible to source a suitable C-mount digital camera necessary for 

capturing detailed micrographs (Nikon, 2025).  This required a standard digital camera to be 

placed over the eyepiece. Although this makeshift approach enabled fundamental 

photographic documentation, it led to resolution loss and alignment issues, impacting the 

clarity and accuracy of the images captured.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24-Nikon eclipse optical microscope. 
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5. Experimental results 

5.1 Tensile testing results 

This section presents the results obtained from tensile testing of EN8 test specimens. The 

tests were conducted to determine key mechanical properties, including ultimate tensile 

strength, Yield Strength, Young's Modulus and Fracture Force. All specimens were prepared 

and tested under controlled conditions to ensure the consistency and reliability of data. The 

results are summarised in tabular and graphical formats between sections 5.1.1 and 5.1.5, 

allowing for clear comparison and analysis of the mechanical behaviour of the material. 

To assess the reliability and practical relevance of the tensile testing results, the mean 

values, the standard deviation (SD), and the coefficient of variation (COV) have been 

quantified. The SD quantifies the absolute scatter of data (BIPM, 2023) from the mean 

regarding specimen geometry and tensile properties, providing a measure of repeatability. It 

was calculated using the STDEV.S function in Excel. 

The COV-the SD divided by the mean and expressed as a percentage-normalises this spread, 

allowing for direct comparison across properties of different magnitudes and against 

literature data. Presenting both metrics aligns with best practice in ISO 6892-1 (ISO, 2019) 

and the Guide to the Expression of Uncertainty in Measurement (BIPM, 2023) , which uses 

the SD and COV to characterise an estimation of testing accuracy. 
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5.1.1 Tensile test results of 6.4 µm specimens 

The test results shown in this section are analysed and discussed in 6.1.1. 

6.4 µm test 
specimens       

Symbol 
Sample 
number 

1 

Sample 
number 

2 

Sample 
number 

3 
Average 

Standard 
deviation 

(%) 

C.O.V 
(%) 

Diameter(mm) 5.028 5.032 5.032 5.031 0.002 0.046 
cross sectional 

surface 
area(mm²) 

19.86 19.89 19.89 19.88 0.018 0.092 

Gauge 
length(mm) 

25 25 25 25 0.000 0.000 

Fm (kN) 16.3 16.34 14.93 15.85 0.803 5.065 
Rm (MPa) 821 822 755 799.33 38.397 4.804 
Fp0.2 (kN) 11.66 14.05 12.23 12.65 1.248 9.868 

Rp0.2 (MPa) 587.11 707.1 618.3 637.5 62.257 9.766 
Break (kN) 11.23 12.37 11.84 11.81 0.570 4.830 

Break (MPa) 565.59 622.01 595.36 594.17 28.227 4.751 
Modulus (GPa) 39 26.22 20.33 28.52 9.545 33.466 

 
Table 19-Tensile Testing results of 6.4µm Ra specimens. 

 
Figure 25-6.4µm Ra stress-strain curve. 
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Figure 26-6.4µm Ra load-extension graph. 

 

5.1.2 Tensile test results of 3.2 µm specimens 

The test results shown in this section are analysed and discussed in 6.1.2. 
 

3.2 µm test 
specimens       

Symbol 
Sample 
number 

1 

Sample 
number 

2 

Sample 
number 

3 
Average 

Standard 
deviation 

(%) 

COV 
(%) 

Diameter(mm) 5.004 5.012 5.014 5.01 0.005 0.106 

cross sectional 
surface area(mm²) 

19.67 19.73 19.75 19.71 0.042 0.211 

Gauge 
length(mm) 

25.00 25.00 25.00 25.00 0.000 0.000 

Fm (kN) 16.42 16.43 16.41 16.42 0.010 0.061 

Rm (MPa) 835.00 833.00 831.00 833.00 2.000 0.240 

Fp0.2 (kN) 13.98 14.05 15.52 14.52 0.870 5.989 

Rp0.2 (MPa) 710.73 707.10 785.82 734.55 44.438 6.050 

Break (kN) 12.57 11.28 12.51 12.12 0.728 6.007 

Break (MPa) 639.16 571.74 633.58 614.80 37.419 6.086 

Modulus (GPa) 22.83 26.22 23.78 24.28 1.749 7.202 
 
Table 20-Tensile Testing results of 3.2µm Ra specimens. 

  

0

2

4

6

8

10

12

14

16

18

0 1 2 3 4 5 6 7

Fo
rc

e(
kN

)

Extension(mm)

6.4µm Ra Load extension graph

6.4 0.4% steel spec 1

6.4 0.4% steel spec 2

6.4 0.4% steel spec 3



51 
 

 

 
Figure 27-3.2µm stress-strain curve. 

 
 
 

 
Figure 28-3.2µm Ra load-extension graph. 
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5.1.3 Tensile test results of 1.6 µm (With coolant used) specimens 

The test results shown in this section are analysed and discussed in 6.1.3. 
 

1.6µm (with coolant) test 
specimens       

Symbol 
Sample 

number 1 
Sample 

number 2 
Sample 

number 3 
Average 

Standard 
deviation 

(%) 

COV 
(%) 

Diameter(m
m) 

5.03 5.01 4.99 5.01 0.017 0.340 

cross 
sectional 
surface 

area(mm²) 

19.84 19.70 19.57 19.70 0.134 0.679 

Gauge 
length(mm) 

25 25 25 25 0.000 0.000 

Fm (kN) 16.38 15.82 15.98 16.06 0.288 1.796 
Rm (MPa) 826.00 797.00 805.00 809.33 14.978 1.851 
Fp0.2 (kN) 9.82 9.49 14.84 11.38 2.998 26.345 

Rp0.2 
(MPa) 

494.96 478.33 747.98 573.76 151.111 26.337 

Break (kN) 13.13 12.59 12.38 12.70 0.387 3.047 
Break 
(MPa) 

661.80 639.16 632.53 644.57 15.350 2.382 

Modulus 
(GPa) 

72.66 18.60 20.29 31.18 30.735 98.564 

 
Table 21-Tensile Testing results of 1.6µm Ra specimens (with coolant).  
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Figure 29-1.6µm Ra(with coolant) stress-strain curve. 

 

 
 
Figure 30-1.6µm Ra (with coolant) load extension graph. 
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5.1.4 Tensile test results of 1.6 µm (no coolant used) specimens 

The test results shown in this section are analysed and discussed in 6.1.4. 
 

1.6µm (no coolant) 
test specimens       

Symbol 
Sample 

number 1 
Sample 

number 2 
Sample 

number 3 
Average 

Standard 
deviation 

(%) 

COV 
(%) 

Diameter 
(mm) 

4.996 4.984 4.984 4.988 0.007 0.139 

cross 
sectional 
surface 

area(mm²) 

19.60 19.51 19.51 19.54 0.054 0.278 

Gauge 
length 

25 25 25 25 0.000 0.000 

Fm (kN) 16.11 16.08 15.98 16.06 0.068 0.424 
Rm (MPa) 822 824 819 821.66 2.517 0.306 
Fp0.2 (kN) 10.79 12.24 12.78 11.94 1.029 8.619 

Rp0.2 
(MPa) 

550.51 627.37 655.05 610.98 54.164 8.865 

Break (kN) 12.04 12.25 12.4 12.23 0.181 1.479 
Break 
(MPa) 

614.17 627.90 635.59 625.87 10.848 1.733 

Modulus 
(GPa) 

32.35 32.44 28.34 31.04 2.342 7.544 

Table 22-Tensile Testing results of 1.6µm Ra specimens (no coolant). 
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Figure 31-1.6µm (no coolant) stress-strain curve. 

 
 

 
Figure 32-1.6µm (no coolant) load extension graph. 
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5.1.5 Tensile test results of 3.2µm Surface defect specimens 

The test results shown in this section are analysed and discussed in 6.1.5. 

Table 23-Tensile Testing results of 3.2µm with surface defect specimens. 

 
 
 
 
 
 
 

Defect test specimens       

Symbol 
Sample 

number 1 
Sample 

number 2 
Sample 

number 3 
Average 

Standard 
deviation 

(%) 

COV 
(%) 

Diameter of 
body(mm) 

5.024 5.012 5.018 5.018 0.006 0.120 

Diameter of 
notch(mm) 

4.11 4.144 4.124 4.126 0.017 0.414 

cross-
sectional 
surface 
area of 

body(mm²) 

19.82 19.73 19.78 19.78 0.047 0.239 

cross-
sectional 
surface 
area of 

notch(mm²) 

13.27 13.49 13.36 13.37 0.111 0.829 

Gauge 
length(mm) 

25.00 25.00 25.00 25.00 0.000 0.000 

Fm (kN) 14.43 14.34 14.93 14.57 0.318 2.182 
Rm (MPa) 728.00 727.00 755.00 736.67 15.885 2.156 
Fp0.2 (kN) 12.72 12.04 12.23 12.33 0.351 2.846 

Rp0.2 
(MPa) 

641.78 610.24 618.30 623.44 16.386 2.628 

Break (kN) 12.72 14.13 14.66 13.84 1.003 7.245 
Break 
(MPa) 

641.65 716.19 741.28 699.82 51.821 7.405 

Modulus 
(GPa) 

7.80 28.84 25.86 20.83 11.385 54.657 
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Figure 33-3.2µm surface defect stress-strain curve. 

 
 
 

 
 
Figure 34-3.2µm surface defect load extension. 
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6.Analysis 

6.1 Tensile test data analysis 

This section evaluates how surface finish, coolant application and deliberately introduced 

flaws influence the tensile response of EN8 steel. Five specimen groups were examined, 

whose controlled variables were machining parameters and a machined surface defect in 

the final case.  

6.1.1 Analysis of 6.4 µm test specimen data  

As shown in the data from 5.1.1, tensile tests were conducted on specimens with a surface 

roughness of 6.4 µm Ra, each machined to a gauge length of 25 mm and an average 

diameter of 5.031 mm (resulting in a cross-sectional area of approximately 19.88 mm²). The 

COV was minimal- the maximum SD in both diameter and area was less than 0.05% (Table 

19), indicating that any differences in mechanical response are likely due to the material 

itself rather than the geometry of the specimens. The average maximum force (Fm) 

recorded was 15.85 kN, corresponding to an average ultimate tensile strength (Rm) of 799 

MPa (Table 19). The consistency of Fm and Rm values across the samples was uniform, with 

samples 1 and 2 correlating closely, suggesting good uniformity in tensile performance 

under peak loading conditions. The 0.2% proof stress (Rp0.2), representing the yield 

strength, averaged 637.5 MPa. This value is slightly lower than UTS, with variation among 

samples, especially sample 1, which had the lowest Rp0.2 of 587.11 MPa, possibly caused by 

inconsistencies in the material structure (Callister and Rethwisch, 2020) or instrumental 

errors (Womack, 2024). The average force and stress at fracture were 11.81kN and 594.17 

MPa, indicating substantial ductility as the material retained load-bearing capacity after 

yielding, a finding supported by the ductile failure shown in Fig.35 . An unexpected 

observation was the low modulus of elasticity, averaging 28.52 GPa and a value scatter 

exceeding 30 %, well below the expected 200 GPa for steels (Chen et al., 2016),(MatWeb, 

2025). This may be due to strain measurement inaccuracies, possibly caused by slippage 

from the sample bedding into the grips (Womack, 2024). There is some evidence to support 

this suggestion (Figs. 27 and 28) as the applied stress and force do not increase in an 

exponential manner at the start of the test, as observed in other published literature (Abed 

et al., 2018),(Zarroug et al., 2003). Further evidence points to instrumental error (Womack, 
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2024) caused by the removal of the extensometer during testing, or more likely due to the 

use of the Gauge simulating attachment (shown in Fig. 15) affecting the results, so reported 

modulus values should be interpreted with caution. 

 

Figure 35-Image depicting the ductile failure mode of the 6.4µm specimen. 
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6.1.2 Analysis of 3.2 µm test specimen data  

As shown in the data from 5.1.2, the tensile response of the 3.2 Ra specimens suggests that 

the surface finish may exert a measurable influence on the tensile performance of EN8. All 

three samples were machined to a nominal gauge length of 25 mm and an average diameter 

of 5.01 mm, giving a mean cross-sectional area of 19.71 mm² with less than 0.2 % geometric 

scatter. 

Load–extension data indicates good reproducibility in the plastic region, the ultimate load is 

clustered around 16.42 ± 0.01 kN, which corresponds to an average UTS of 833 MPa and a 

COV of less than 0.3% (Table 19). This strength is approximately 4% greater than the 

rougher 6.4 Ra batch tested under the same conditions. 

A more pronounced effect is observed in the 0.2 % offset yield strength, Rp0.2. The 3.2 Ra 

specimens produced a mean yield of 735 MPa (Table 19), approximately 15 % higher than 

the 6.4 Ra samples, and did so with markedly improved repeatability.  

Fracture behaviour mirrored the improvements in earlier stages of deformation, indicating a 

ductile fracture (Fig. 36). Mean break stress increased to 615 MPa, and the stress drop from 

UTS to fracture remained steady, signifying that failure was governed by necking rather than 

premature surface crack initiation (Fig.27). 

One anomaly common to both sample sets is the unrealistically low elastic modulus 

obtained from the initial slope of the stress–strain curves (24 ± 2 GPa) as observed in 6.1.1 

(Chen et al., 2016). It is posed that the error may again be instrumental. 
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Figure 36-Image depicting the ductile failure mode of 3.2µm specimen. 

6.1.3 Analysis of 1.6µm Ra (with coolant used) test specimen data 

The data from 5.1.3 serves as the third data set where the 1.6 Ra (with coolant used) 

specimens are assessed. All three samples were machined to the same 25 mm gauge length 

utilised earlier; their average diameter was measured at 5.01 mm, and the cross-sectional 

area averaged 19.70 mm², with less than 0.3 % geometric variation (Table 21). This 

consistency ensures that any differences in strength arise from the material or surface 

conditions, not from dimensional discrepancies. The ultimate tensile strength (UTS) was 

highly consistent, with the average maximum load h 16.06 kN, translating to an average UTS 

of 809 MPa (Table 21). The value variations were under 2% for both measures, only slightly 

higher than the variation noted for the smoother 3.2 Ra material. Compared to the rough-

machined 6.4 Ra specimens, the 1.6Ra improves UTS by about 1 % (809 MPa 

versus 799 MPa) but falls short of the 833 MPa achieved at 3.2 Ra, indicating that the 

beneficial effect of decreased roughness may plateau past this threshold. 

In terms of yield strength, while specimen 3 reported a yield of 748 MPa (in line with the 

3.2 Ra batch), specimens 1 and 2 yielded at just 495 MPa and 478 MPa (Table 21). The 

resulting mean of 574 MPa shows a 26 % coefficient of variation, far larger than the scatter 
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in UTS. As with the earlier data-sets (6.1.1 and 6.1.2), part of this must be attributed to 

instrumentation (Womack, 2024). The elastic modulus extracted from the initial slope 

fluctuated from 72 GPa in specimen one to ≈20 GPa in the other two, demonstrating that 

grip compliance or extensometer seating remained unresolved during testing.  Despite this 

yield anomaly, fracture behaviour remained consistent. Break loads averaged 12.7 kN, 

producing an average fracture stress of 645 MPa—the highest of the three surface states 

tested. while the stress drop from UTS to failure was gradual (Fig.29), again signifying a 

ductile failure (Fig.37). 

 

Figure 37-Image depicting the ductile failure mode of a 1.6µm specimen (with coolant). 

6.1.4 Analysis of 1.6µm Ra (no coolant used) test specimen data 

The data from 5.1.4 shows specimens with a dry-turned surface roughness of 1.6 µm Ra, 

offering an intermediate finish between the rough 6.4µm Ra and the fine 3.2µm Ra 

conditions examined earlier. Regarding dimensional control, the average diameter was 

4.988 mm (±0.14 % scatter) and the cross-sectional area 19.54 mm² (±0.28 %) (Table 22).  

In the plastic region, the material displayed very high and repeatable strength again. Peak 

loads converged at 16.06 kN, yielding an average ultimate tensile strength (UTS) of 822 MPa 

with a coefficient of variation of just 0.25 %—virtually identical to the finish-turned 3.2 Ra 
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batch and roughly 3 % above the rough-turned 6.4 Ra specimens. In contrast, the 0.2 % 

offset yield strength exhibited greater variation. Rp 0.2 in the specimens ranged from 551–

655 MPa, averaging 611 MPa with a 9% C.O.V (Table 22). Although this dispersion is 

markedly smaller than the 26 % measured for the coolant-turned 1.6 Ra series, it still 

exceeds that of UTS. 

Fracture behaviour was similarly consistent: break loads averaged 12.23 kN, corresponding 

to a fracture stress of 626 MPa. The failure mode mirrored earlier tests, again exhibiting a 

ductile failure (Fig.36). 

As with preceding batches, the elastic modulus derived from the initial slope of the stress–

strain curve remained unrealistically low (31 ± 2 GPa). The 0.2 % offset method relies on this 

slope (ASTM, 2013), grip compliance or extensometer seating error almost certainly biased 

the reported yield values (Womack, 2024). 

 

Figure 38-Image depicting the ductile failure mode of 1.6µm specimen (dry turned). 
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6.1.5 Analysis of 3.2µm Ra Surface defect test specimen data  

As shown in the data in 5.1.5, introducing a controlled surface defect had a distinct and 

measurable effect on the steel's tensile performance. The “defect” specimens were 

machined to match the nominal geometry of the earlier batches (25 mm gauge 

length, approximately 5 mm at the major diameter and 4mm on the notch diameter), with 

minimal dimensional variability (±0.12 % on diameter, ±0.24 % on cross-sectional area), 

ensuring that any mechanical differences stemmed from the defects rather than size 

variations. The average ultimate load decreased from around 16 kN in the defect-free 1.6 Ra 

dry-turned material to 14.6 kN, resulting in an ultimate tensile strength (UTS) of 737 MPa, 

which marks a roughly 10 % reduction compared to the flawless benchmark. Conversely, the 

0.2 % offset yield strength remained virtually unchanged at 623 MPa. Fracture behaviour 

highlights this reduction in strain-hardening capacity: break stresses averaged 700 MPa and 

occurred only about 5 % below the UTS, suggesting a brittle failure (Figs.39,40 and 41). 

Research indicates that this is due to the plastic deformation occurring purely at the zone of 

the defect resulting in minimal extension (Hearn, 1997). Essentially, the pre-machined 

imperfections serve as crack initiators that significantly limit the post-yield deformation 

energy the material can withstand (Dowling et al., 2020).  

One experimental caveat persists across all batches(6.1.1,6.1.2,6.1.3, and 6.1.4): the elastic 

modulus extracted from the initial slopes is unrealistically low, 7–29 GPa (Chen et al., 2016).  
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Figure 39-Image depicting the failure mode of 3.2µm notched specimen. 
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Figure 40-3.2µm notched specimens showing minimal plastic deformation. 

 

 

 

Figure 41-A side-by-side comparison of conventional ductile failure with the failed notch specimens. 
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6.1.6 Analysis of all testing variables versus the manufacturer's test record 

It was noted that the results from all analyses (6.1.1-6.1.5) compared with the mill Tensile 

Test record shown Table 2, did not fully correlate. The 6.4 and 3.2 samples exceeded the 

manufacturer's, with the Yield Strength increasing by≈18% and Tensile Strength by 1-6% 

respectively. The surface defect specimens underperform in ultimate strength, coming in 

about 6 % short (likely due to the notch in the specimen), although their yield is essentially 

on par with the manufacturer’s figure. 

The 1.6 (with coolant) specimens carry about 8 % less yield strength but still exceed the 

ultimate target by≈3 %. Finally, the 1.6 (dry turned) specimens were only marginally below 

the quoted Yield Strength and 2% stronger in UTS.  Due to the instrumental errors stated 

between (6.1.1-6.1.5), it is recommended that further investigation is required to confirm 

whether these variations are accurate. 
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6.2 Microscopy analysis 

This section presents the surface microscopy results of the EN8 test specimens, obtained 

using an optical microscope. The analysis examined microstructural characteristics and 

potential surface defects. Images were captured at 60x magnification to provide a detailed 

visual assessment of the specimen surfaces before and after tensile testing. The 

observations contribute to understanding the material's surface condition and any 

deformation or damage resulting from mechanical loading. 

Observations were made of the mounted samples to assess their microstructure and 

examine whether they exhibited different grain structures. All five sample sets did not 

appear to exhibit drastic differences in the microstructure. 

 

 

 

 

Figure 42- Surface structure of 6.4µm Ra specimen. 
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Figure 43-Surface structure of 3.2 µm Ra specimen. 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 44-Surface structure of 1.6 µm Ra specimen(with coolant). 
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Figure 45-Surface structure of 1.6 µm Ra specimen (no coolant). 

 

 

 

Figure 46-Surface structure of 3.2µm specimen with surface defect. 
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All samples observed showed a ferrite-pearlite microstructure, which is consistent with 

cold-drawn EN8 steel (Callister and Rethwisch, 2020). As shown in Figs. 40 to 44, ferrite 

appears as the lighter grain, while the pearlite regions appear darker. This microstructure is 

typical of low- to medium-carbon steels (Feng et al., 2022) that have been slowly cooled 

after processing (D’Arcy et al., 2015). These phases' presence confirms the material's 

expected composition and thermal history. More notably, the grain morphology is small, 

elongated, and highly deformed, with a predominantly columnar alignment, which aligns 

with findings by Liu et al (2016). This is characteristic of cold drawing, a process in which the 

steel is pulled through a die at room temperature, introducing significant plastic 

deformation without allowing the material to recrystallise (Wei et al., 2020). The elongated 

grain structure indicates directional strain, supporting the conclusion that the material has 

undergone cold drawing. If the steel had been subjected to a temperature above the 

recrystallisation point, typically around 700°C for steel (ASM, 2007) the microstructure 

would display more equiaxed, rounded grains due to grain nucleation and growth during 

recrystallisation (Callister and Rethwisch, 2020). The absence of such features strongly 

suggests that the material experienced only cold working without subsequent annealing or 

heat treatment (Biswas et al., 2018). 

The analysis was limited by the capabilities of the optical microscope available, which 

offered a maximum magnification of only 60x. This restricted the ability to resolve finer 

microstructural details. Furthermore, the dedicated digital camera system commonly used 

for capturing micrographs was unavailable, necessitating the use of a conventional digital 

camera positioned over the eyepiece. While this improvised method allowed for basic 

photographic documentation, it introduced further resolution loss and potential alignment 

errors, which may have affected the clarity and precision of the captured images.  
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7.Conclusions 

This study clarified how three practical manufacturing variables—surface finish, the 

presence or absence of coolant during turning, and an intentionally machined surface 

defect—affect the tensile performance of EN8 medium-carbon steel. Tensile-test data for 

five specimen groups (6.4µm Ra (coolant), 3.2µm Ra (coolant), 1.6µm Ra (coolant), 1.6µm 

Ra (dry), and 3.2µm Ra (defect and coolant) were interpreted alongside optical-microscopy 

observations. The main findings and their implications are synthesised below. 

7.1 Comparison of all specimen groups 

 
7.1.1 Ultimate tensile strength (UTS). 

UTS rose as the surface became smoother, improving by ≈ 4 % when roughness fell from 6.4 

Ra (799 MPa) to 3.2 Ra (833 MPa), although it could be argued that it needs further 

investigation due to instrumental error. A further reduction to 1.6 Ra delivered no 

additional gain; the coolant-turned batch levelled off at 809 MPa while the dry-turned batch 

reached 822 MPa. The intentionally defective samples suffered the most significant drop, to 

737 MPa around 10-15% below the other samples, confirming the potency of surface 

defects as crack initiators. 

 

7.1.2 Yield strength (Rp0.2). 

Surface quality exerted a more substantial influence on yield than on UTS. The 3.2 Ra 

specimens recorded the highest and most repeatable yield (735 MPa, ±2 %), some 15 % 

above the 6.4 Ra batch. The coolant-cut 1.6 Ra series exhibited erratic yields (478–748 MPa) 

owing to extensometer/grip compliance (Womack, 2024), whereas the dry-cut 1.6 Ra group 

stabilised at 611 MPa. Defect specimens (623 MPa) matched the dry 1.6 Ra average, but 

their proximity to UTS foreshadowed brittle fracture. 

 

7.1.3 Failure mode 

Undamaged specimens shed 20–25 % of their peak stress through stable necking before 

rupture, reflecting healthy ductility (Callister and Rethwisch, 2020). Defect specimens, by 

contrast, fractured only 5 % below UTS, exhibiting premature instability symptomatic of a 

brittle failure (Zhang, 1999). 
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7.1.4 Elastic modulus. 

All batches yielded unrealistically low moduli (7–72 GPa). Because the calculated Rp0.2 

depends on this slope (ASTM, 2013), the scatter in yield data broadly reveals 

instrumentation error rather than true material variability. 

7.1.5 Manufacturing implications. 

Moving from rough turning (6.4 Ra) to finish turning (3.2 Ra) produces the greatest 

economically justifiable strength benefit. Further refinement to 1.6 Ra offers diminishing 

returns. Coolant does not perceptibly enhance UTS but may introduce local thermal 

gradients that broaden yield scatter. Surface defects impose a decisive penalty on load-

bearing capacity and should be stringently avoided or removed. 

 

7.2 Comparison of 1.6 Ra with coolant vs. 1.6 Ra dry machined 

 

The tensile-test data show no meaningful difference between the 1.6 Ra specimens 

machined with coolant and those cut dry. Averaged over three specimens each, the 

diameters (5.01 mm with coolant and 4.99 mm dry) and the calculated cross-sectional areas 

(19.70 mm² vs 19.54 mm²) differ by less than 1%, well inside the standard machining 

tolerance. 

The maximum force at fracture is identical when rounded (16.06 kN for both groups), and 

the UTS, is virtually the same: 809 MPa for the coolant group versus 822 MPa for the dry 

group, a difference of about 1.5 %. Yield behaviour tells a similar story once scatter is 

considered. Although the coolant-cut set shows a higher average 0.2 % proof force (11.38 

kN versus 11.94 kN dry) and the corresponding yield strength is lower (574 MPa versus 611 

MPa), the coolant data are dominated by one specimen with an unusually high value (748 

MPa), indicating a testing error rather than a machining effect. 

Break load and stress also align closely (12.7 kN and 645 MPa for the coolant specimens 

compared with 12.2 kN and 626 MPa for the dry). Elastic modulus shows the most 

significant numerical discrepancy—37 GPa for the coolant group against 31 GPa dry—but 

here the coolant average is inflated by a single 72 GPa reading that almost certainly stems 

from an error with the extensometer attachment. Dry turning, while harsher on tools 
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(Zheng Yang et al., 2023), produced cleaner and highly reproducible stress–strain curves, 

although it may be argued that these results must be viewed with caution due to the clear 

elastic modulus errors. 

 

 

7.3 Microscopy conclusions 

Optical micrographs at 60 × magnification revealed no discernible difference in phase 

distribution or grain morphology between the five batches. Every specimen displayed the 

classic ferrite–pearlite lamellar matrix expected of cold-drawn EN8: 

Ferrite (light) and pearlite (dark) grains were elongated and columnar, indicating substantial 

plastic deformation without recrystallisation (Feng et al., 2022). 

Grain width remained uniformly fine, suggesting all specimens were manufactured from 

material with an identical chemical composition. 

Neither the improved surface finish nor coolant use modified the material microstructure, 

confirming that the mechanical variations recorded originate from surface-integrity effects 

(surface finish, introduced surface defects) rather than changes in the material's 

microstructure. The analysis was constrained by the capabilities of the available optical 

microscope, which offered limited magnification. It could be argued that this limitation 

restricted the ability to resolve finer microstructural details. Moreover, the specialised 

digital camera system usually employed for taking micrographs was not accessible, requiring 

the use of a conventional digital camera aimed at the eyepiece. Although this alternative 

method enabled basic photographic documentation, it resulted in additional resolution loss 

and alignment issues, which may have negatively affected the clarity and accuracy of the 

images captured.   
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7.4 Summary of findings against the research objectives 

Objective Research outcomes 

Assess the effects of 

various surface 

finishes on the tensile 

response of EN8 steel. 

Smoother surfaces (down to 3.2 µm Ra) improved UTS and yield by up 

to 4 % and 15 %, respectively. Gains plateaued below 3.2 Ra, 

suggesting a practical optimum. These findings need further 

investigation as the gains are marginal and may be due to instrument 

error. 

Assess the effect of 

coolant application on 

the tensile properties 

of EN8 1.6 Ra test 

specimens. 

For EN8 specimens finished to 1.6 µm Ra, applying coolant neither 

drastically improves nor degrades tensile properties; testing errors 

overshadow any apparent deviations. Dry cutting samples yielded 

marginally more consistent mechanical data, but tool-life 

considerations, not material strength, should drive the coolant 

decision in this case. 

Quantify the influence 

of surface defects on 

the tensile properties 

of EN8 steel. 

A single circumferential defect reduced UTS by around 10-15 % and 

eliminated post-yield ductility, underscoring the criticality of surface 

integrity on EN8 steel components to reduce the risk of premature 

material failure. 

Explore the 

microstructure of the 

EN8 test specimens. 

Optical examination showed no observable differences at 60x 

magnification between all sample sets. Each sample exhibited 

deformed ferrite–pearlite microstructures consistent with cold-drawn 

EN8 steel, suggesting the machining of the test pieces has not 

significantly affected the material's microstructure. 
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8. Recommendations for further work 

8.1 Tensile testing recommendations for further work 

While this study has provided valuable insights into the tensile properties of EN8 steel under 

tensile loading, several avenues for further investigation remain. The primary 

recommendation concerns the unreliability of the Young’s modulus values obtained 

throughout the tensile experiment (as shown in Chapters 5 and 6). Future research could 

repeat the experiment using a more suitable extensometer that fits a 25mm gauge length, 

thus eliminating the need for the extensometer testing attachment (Fig.15). Another 

enhancement might include increasing the preload on the samples to minimise slippage (as 

observed in Figs.25,27,29,31and33) caused by slack in the UTM grips (Womack, 2024). 

A further suggestion is to expand the sample size of the experiment from three to five 

specimens (Sunder Singh et al., 2020). This would increase the data available, thus offering a 

better statistical range to assess (ASTM, 2013). These suggestions would aim to yield more 

accurate results while examining whether the findings presented between sections 6.1.1 

and 6.1.5 correlate or are proven to be incorrect. Further to this, section 6.1.6 shows that 

the manufacturer's Tensile Test results showed some variation against the results gained in 

this experiment; therefore, future work should address whether this is accurate without the 

overshadowing of instrumental error. 

8.2 Microscopy recommendations for further work 

Regarding the microscopy examination of the samples, future work should prioritise 

accessing higher-resolution microscopy to overcome the limitations encountered in this 

study. Optical microscopes equipped with magnifications of at least 100x are recommended 

(ASTM, 2010) which would reveal fine pearlitic lamellae that remained unresolved at 60× 

(Callister and Rethwisch, 2020). A study by Moleejane et al (2014) suggests performing a 

microscopy examination using a scanning electron microscope (SEM) to complement the 

optical study. They found that using an SEM captured more detail at a higher resolution, 

making it more suitable for identifying minor microstructural defects, although optical 

microscopy is better for grain measurements and offers a broader field of view. In tandem 

with a C-mount digital camera with live-view software, these suggestions would improve 

image clarity by eliminating the parallax and alignment errors inherent in the improvised 

hand-held setup used here. 
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10. Appendices 

10.1 Appendix 1-8mm EN8 mill test certificate 

 
This appendix shows the mill test certificate for the material used for future experimental 
replication. 
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10.2 Appendix 2- ISO 6892-1 

This appendix shows the relevant pages from ISO 6892-1 for reference purposes of this 
study. 
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10.3 Appendix 3- Orthographic drawing of tensile test specimen (without notch) 

This appendix shows the orthographic drawing used to manufacture the test specimens 
without a notch. 
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10.4 Appendix 4- Orthographic drawing of tensile test specimen (with notch) 

 
 
This appendix shows the orthographic drawing used to manufacture the test specimens with 
the notch. 
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