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[bookmark: _Toc40216755]Introduction
[bookmark: _Toc40216756]Investigation Scope 
An investigation was conducted to determine how the percentage of carbon in steel affects its mechanical properties and crystalline structure. A series of tensile tests were carried out to measure properties such as strength, hardness and ductility. 
Additionally, corresponding steel specimens underwent microscopic analysis to observe grain structure patterns and chemical composition. 
[bookmark: _Toc40216757]Purpose of Findings
Innovative steel manufacturing is fundamental in advancing transformational technology; new products rely on evolved steel grades that are stronger, lighter and more flexible to adapt to harsher environments, withstanding tougher conditions. 
Studying how chemical compositions of steel alloys effect its product performance provides opportunities to manipulate manufacturing conditions to create more advanced steel and cater to new technological requirements, inspiring modernisation. 
(Allwood, 2016)

Martin Brunnock, the UK Technical Director of Tata Steel: “Steel is playing an essential role in helping to solve major societal challenges such as the transition to sustainable energy and mobility, and it’s vital we can keep pace through the faster development of innovative steel products.”
(Scitech, 2018)
[bookmark: _Toc40216758]Literature Review
[bookmark: _Toc40216759]Manufacturing Methodology and Conditions 
[bookmark: _Toc40216760]Iron and Steel Making 
Steelmaking is the creation of steel from raw materials; Iron ore, sources of carbon and limestone are heated in a furnace to produce iron. This product is refined in a converter by removing tramp elements and excess carbon, adding various amounts of alloying elements to produce different grades of steel. 
(Bell, 2020)
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Figure 1 (Barrington, 2020)
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Figure 2 (Jamie Short, 2018)

[bookmark: _Toc40216761]Casting and Cooling
Following the converter, the molten steel is solidified into a slab via a casting process. The nature of casting decides how much remaining impurities are left and where they are located; 
(Louhenkilpi, 2014)

· Curved casting will allow impurities to rise up until blocked, more impurities will remain at the top surface. The Advantage to this method is reduced strain exerted on the slab during rolling.
· Straight casting enables all impurities to rise to the top and will not remain in the casted slab. Consequently, no horizontal stress is applied to the slab resulting in more stress during hot rolling. 
[image: ]
Figure 3 (Louhenkilpi, 2014)

During cooling steel converts from a liquid to a solid phase, a new surface is created during phase separation. The energy required for this to occur is dependent on the liquid solid interface (grade boundary); the liquid must cool below its equilibrium freezing temperature. Excessive low temperatures will undercool the material to initiate the solidification process (figure 5). High degrees of undercooling will result in more spontaneous solidification, meaning less control over the final grain structure (figure 4). Longer cooling periods produce larger grains where rapid cooling (quenching) will form larger quantities of smaller grains, making the material harder and more brittle. 
 [image: ] [image: ]
Figure 4 (Paramita, 2016)                                        Figure 5 (Jayawardena, 2017)

Heat conducts from the liquid phase to the newly formed solid phase, the latent heat of solidification releases at the liquid/solid interface. Consequently, the heat is conducted away from the interface and a temperature gradient is established; a steeper gradient means the liquid/solid interface becomes unstable and protrusions can occur at a faster rate. The increased growth of protrusions at the liquid/solid interface will convert a flat interface to a dendritic structure (figures 6 and 7).
[image: ] [image: ]
Figure 6 (University of Cambridge , 2007)                   Figure 7 (Paramita, 2016)

[bookmark: _Toc40216762]Rolling
Post casting, the slab is hot rolled at approximately 1200 degrees Celsius, the temperature must be high enough to recrystalise the steel, altering the microstructure and mechanical properties to change its thermochemical state.   
The steel is work hardened as strain is exerted during rolling and dislocation density increases. Grains elongate during dynamic recrystallisation (figure 8).

[image: ]
Figure 8 (K.H. Jürgen Buschow, 2001)

Recrystallisation occurs producing finer grains due to retained stress within the slab; finer grain austinite converts to ferrite during subsequent cooling, the material will have higher yield and tensile strength properties. 
(K.H. Jürgen Buschow, 2001)

[bookmark: _Toc40216763]Defects
Defects can arise in solids and are categorised into the following; 
Point 
Planes of atoms are distorted by vacancies and/or self-interstitial atoms within the structures 
Line
Dislocations in the structure are line defects, they cause slipping between crystal planes when moving. They produce permanent plastic deformation.
Area
Grain boundaries between crystals are produced by the solidification process. They have a change in orientation and impede dislocation motions. 
(D.Rodney, 2009)

[bookmark: _Toc40216764]Phase Diagrams
Phase diagrams are based on homogenous properties and physically different compositions within a system – changes in phase. 
The diagrams identify the phase of a material given the temperature and pressure environments.  It demonstrates the point materials undergo phase transformation. This occurs when the current state of the alloy is unstable in relation to its final state.
(Clark, 2014)
The eutectic point (figure 9) illustrates where solid steel transitions immediately to liquid without a liquidous stage. The critical temperature must be exceeded to reach melting point. 
[image: ]
Figure 9 (DT Online, 2017)

Phase stability can be measured using thermodynamics; the relative stability of systems are determined by Gibbs free energy, a theory developed by Josiah Willard Gibb in 1870. 
At its most stable, a system is in equilibrium with the lowest possible value for Gibbs free energy.
[bookmark: _Toc40216765]Hypothesis 
[bookmark: _Toc40216766]Investigation Predictions based on Research
At the converter the chemical composition of steel is determined, the investigation will analyse how different quantities of carbon will affect the mechanical properties and crystalline structure. Steel manufacturing and material properties research provided a basis for following predictions.

· Higher quantities of carbon in steel result in harder, more brittle properties.
(Heikki Jalkanen, 2014)
· Steels containing less than 0.8% carbon (hypo-eutectic steel) solidify into a two-phase structure containing ferrite which is soft and ductile. It can also form layered ferrite and cementite (pearlite) which is hard and brittle.
· More cementite produces harder steels, whereas more ferrite produces softer steels. 
· At 0.8% carbon (eutectoid steel) only perlite will form.
· More martensite will form in higher carbon concentrations. 
(DT Online, 2017)


Despite chemical composition being established, further processing techniques can alter the mechanical properties in the following ways.
· Steel has higher ultimate tensile strength when cooled slowly due to added cementite, slower cooling will allow larger grains to form creating space for defects. 
· Quenching austinite prevents the carbon atoms dissociating, the material will remain hard and brittle.  
· Rolling steel can be customised to produce specific properties; work hardening the steel will strengthen, where tempering will increase elongation. 

[bookmark: _Toc40216767]Fair Testing
To mitigate bias, the following control factors were implemented to isolate one dependent variable – carbon quantity.

· Selecting one grade of steel to analyse low, medium and high amounts of carbon.
Grades have specific tolerances for chemical variation which will eliminate other chemicals affecting properties while ensuring carbon content is relatively constant. 
· Test specimens taken from the same location relative to the steel coil. Each sample will be taken from the quarter width position ensuring results are comparable. 
· Using the same apparatus will eliminate machine variation and equipment error during testing.
(Jon T. Selvik, 2020)
· Taking samples that have undergone identical casting and rolling conditions guarantees the same processing temperatures and pressures.  
[bookmark: _Toc40216768]Experimental Procedure
[bookmark: _Toc40216769]Sample Selection Process
The steel grades representing low, medium and high amounts of carbon are shown below (figure 10). Chemical compositions were predetermined for specimens using optical emission spectrometry (OES). 
(Mengtian Li, 2018)

	Category 
	Specification 
	Carbon Tolerance (%)

	Low Carbon 
	Ultra-Low Carbon
	0-0.0035

	Medium Carbon
	Medium Carbon
	0.04-0.06

	High Carbon
	Advanced High Strength Steel – Duel Phase
	0.12-0.15


Figure 10

50 tensile tests were carried out on each grade, the nature of destructive testing does not allow retesting so to improve the repeatability of results and determine a more reliable conclusion a large sample pool was tested. 
10 steel samples covering a wide range of carbon compositions will be prepared for microscopic analysis to assess the grain structure.
Anomalous test results will be omitted from final calculations.
To standardise testing and prioritise safety while testing, safe working procedures were adhered to and risk assessments considered. 

[bookmark: _Toc40216770]Tensile Testing and Mechanical Properties 
Full width steel samples were collected from production units. At the quarter width position standard 250mm by 38mm strips are sheared in preparation for machining.
Strip samples are milled into tensile specimens in accordance with testing standard BS EN ISO 6892-1:2016. Specimen dimensions were homogeneous throughout the investigation. 

[image: ]
Figure 11 (Davies, 2010)

Machines are calibrated using UKAS standards prior to testing, certifying machine accuracy and reliability. Additional calibrations take place post testing, certifying no data drift. All testing took place in a lab at controlled room temperature. 
Automated tensile machines tested the milled specimens. Robot arms selected specimens to measure the gauge and prior to placement between two hydraulic grips. A pulling force is applied to separate the grips and specimen, measuring how it responds to stress. The specimen’s parallel length will experience strain, reduce in width at an area of weakness (necking) until facture (figure 12). 
[image: ]
Figure 12 (Yalcin, 2017)

The standard states that if breakage occurs outside or at the parallel length, results are invalid and will not be included in calculations. 
Automated testing systems ensure that human error will not affect data and standardise testing.
Stress and strain data were collected throughout testing, producing graphs for each specimen (example figure 12). 
(Jörg Uhlemann, 2020)
The following mechanical properties were calculated individually and collated to analyse patterns and relationships:

· Ultimate tensile strength measures the maximum stress a specimen sustains. 
(Satoshi Sumikawa, 2017)
· Hooke’s law is obeyed during the initial stages of testing where stress and strain is proportional, Young’s modulus was calculated, described as the modulus of elasticity.  This measured the material’s stiffness.
(Kohout, 2001)
· Yield strength identifies at which applied stress the material reaches its proportional limit; before the yield point, materials show elastic deformation whereas this point materials demonstrate plastic deformation (will not to return back to its original shape). 
· Gauge values are used in determining calculations, they will be recorded and considered relative to the mechanical data obtained. 
(Instron, 2017)

[bookmark: _Toc40216771]Optical Microscope and Crystalline Structure 
Full width steel samples were collected from production units; at quarter width position a 10mm by 10mm sample was sheared in readiness for preparation. 
The metallographic specimens were cold mounted as high temperatures can affect the integrity of the sample. Clear resin is required to view embedded features, and excellent edge retention essential to accurate readings. 
Samples were submerged into a hardener and resin combination and left to solidify in a vacuum. 
Optical microscopes use light and magnified lenses to observations objects the naked eye can’t see, cameras capture these images for evaluation. Sample surfaces were polished, providing a clear microscopic image.
(Gianfrancesco, 2017)
[image: ]
Figure 13 (Gianfrancesco, 2017)
[bookmark: _Toc40216772]Results and Discussion
[bookmark: _Toc40216773]Raw Data
[bookmark: _Toc40216774]Metallurgical
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Figure 14
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Figure 15
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Figure 16






[bookmark: _Toc40216775]Microscopic
[image: ] [image: ]
Figure 17 Ultra Low Carbon                                   Figure 18 Low-Medium Carbon
[image: ] [image: ]
Figure 19 Medium Carbon                                     Figure 20 Medium Carbon
[image: ] [image: ]
Figure 21 Medium Carbon                                      Figure 22 Duel Phase High Carbon
[image: ] [image: ]
Figure 23 Duel Phase High Carbon.                    Figure 24 High Carbon
[image: ]
Figure 25 High Carbon

[bookmark: _Toc40216776]Visual Aids and Trends 

Figure 26 Carbon against Elongation


Figure 27 Carbon against Ultimate Tensile Strength 


Figure 28 Carbon against Yield

	Variance (low C%)
	2.047937

	Variance (medium C%)
	9.354551

	Variance (high C%)
	9.617238


Figure 29 Variance in Data 

	Variance (gauge)
	0.447894

	Average (gauge)
	1.677447



Figure 30 Variance in gauge values

[bookmark: _Toc40216777]Observations
[bookmark: _Toc40216778]Stress-Strain Graphs
· Figure 26 plots carbon content against total elongation, the trend line identifies that for every 0.01% increase in carbon, elongation will increase by 2.05% relative to original size.  
· Figure 27 shows positive correlation between carbon content and ultimate tensile strength (UTS); for every increase of 0.01% of carbon, UTS increases by 41.75 MPa.
· The steels yield increases by 25.49MPa when the percentage of carbon increases by 0.01%, shown in figure 28. 
· Calculations in figure 9 show the variance between mechanical results, it was determined that the lower carbon grade displayed four times less variance than the medium and high carbon grades. 
· A determination co-efficient was calculated for each correlation, all values were higher than 0.8, representing significant statistical relationship. 
[bookmark: _Toc40216779]Grain Formations
· Where low-medium amounts of carbon were present (figure 18), pearlite and ferrite grains form. 
· Medium grade carbon steels demonstrated a combination of grain formation. Ferrite and banded pearlite (figure 19), ferrite/pearlite/bainite (figure 20), and ferrite/bainite (figure 21). 
· Duel phase steels (figure 22 and 23) evidence black bainite, brown patches of martensite but mainly ferrite grains. 
· Where high amounts of carbon were present (figure 24 and 25), a fully pearlite structure was formed. 
[bookmark: _Toc40216780]Anomalies and Deviations
Three medium carbon test specimens displayed anomalous mechanical properties (circled in red). These outlier results were deemed invalid and excluded from all calculations.  
[bookmark: _Toc40216781]Conclusions
[bookmark: _Toc40216782]Findings 
The investigation led to conclusions regarding mechanical and microscopic properties.
(Patricia Martin-Rodilla, 2018), (Neimitz, 2014), (Nobuyuki Ishikawa, 2015)
The negative correlation shown in figure 26 exhibits lower elongation with increasing carbon, suggesting steels containing more carbon will be less ductile and malleable.
A positive relationship in figure 27 implies that steel is stronger and can withstand larger stress capacities before fracture when more carbon is present. 
Figure 29 indicates that increasing carbon content increases yield, ultimately meaning the steel is harder. 
Larger ferrite and pearlite grains form when steel is cooled slower whereas smaller ferrite and bainite grains form at quicker cooling rates.
Martensite grains form when high amounts of carbon are present giving steel it’s high strength properties. 

[bookmark: _Toc40216783]Successes
Research was conducted to develop an understanding which led to the foundations of a successful hypothesis. 
Large pools of data were collected to establish relationships between chemical composition and metallurgical properties in steel. 
(Marta Fernandes, 2019)
[bookmark: _Toc40216784]Errors 
A series of errors were considered during the initial stages of the investigation and were eliminated or minimised where possible. The following factors have been controlled to an extent but could have compromised the investigation;
· Varying specimen gauge can skew the data, the average gauge value was 1.67 with a variance of 0.45 (figure 30) which is relatively low. Gauge is used in strength and yield calculations; lower gauge values would increase these values. 
· Despite samples undergoing consistent processing conditions, it’s impossible to accurately measure and regulate temperatures and pressures during large scale manufacturing. This can affect how and what grain structures form.
(Branko Štrbac, 2020)
· Grade tolerances control the chemical composition for all elements within the steel, although slight variances (within tolerance) can alter both mechanical and microscopic properties. Example shown in figure 19,20,21 where manganese is present. 
[bookmark: _Toc40216785]Recommendations
Based on investigation outcomes the following recommendations have been outlined to improve accuracies and the validity of findings if repeated;
· To ensure results are repeatable and reliable, a larger quantity of data would be collected to identify outliers and provide clarity on correlations. 
· Data clusters of low, medium and high carbon materials are identified in figures 26,27 and 28; to determine a more accurate line of best fit, samples would be tested representing all amounts of carbon, producing a continuous spectrum of data.
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0.1235	0.1346	0.14080000000000001	0.12809999999999999	0.14810000000000001	0.14860000000000001	0.1239	0.12870000000000001	0.13450000000000001	0.12859999999999999	0.13	0.13789999999999999	0.12859999999999999	0.1255	0.12790000000000001	0.14929999999999999	0.1484	0.1368	0.1206	0.1205	0.12939999999999999	0.14910000000000001	0.14530000000000001	0.14319999999999999	0.13650000000000001	0.12970000000000001	0.13669999999999999	0.14899999999999999	0.14030000000000001	0.1205	0.1381	0.13420000000000001	0.1376	0.1404	0.13850000000000001	0.14019999999999999	0.1278	0.13400000000000001	0.13669999999999999	0.14269999999999999	0.12989999999999999	0.12839999999999999	0.13539999999999999	0.1416	0.1484	0.12970000000000001	0.13689999999999999	0.1275	0.1333	0.13869999999999999	4.3499999999999997E-2	4.9099999999999998E-2	5.0200000000000002E-2	5.8700000000000002E-2	5.5899999999999998E-2	4.4400000000000002E-2	4.2500000000000003E-2	4.8399999999999999E-2	4.8099999999999997E-2	5.2299999999999999E-2	5.5399999999999998E-2	5.9200000000000003E-2	4.1200000000000001E-2	4.5600000000000002E-2	5.1299999999999998E-2	5.4800000000000001E-2	4.82E-2	5.2600000000000001E-2	5.2299999999999999E-2	4.1099999999999998E-2	4.2500000000000003E-2	4.1500000000000002E-2	5.7799999999999997E-2	5.6300000000000003E-2	0.04	5.28E-2	4.36E-2	5.8700000000000002E-2	5.2699999999999997E-2	5.11E-2	4.99E-2	5.0900000000000001E-2	4.2299999999999997E-2	4.6300000000000001E-2	4.58E-2	4.2799999999999998E-2	5.1299999999999998E-2	5.6500000000000002E-2	5.5100000000000003E-2	4.1500000000000002E-2	5.1499999999999997E-2	5.6899999999999999E-2	0.06	5.6800000000000003E-2	4.99E-2	4.6899999999999997E-2	4.3200000000000002E-2	4.1799999999999997E-2	5.1200000000000002E-2	5.5199999999999999E-2	3.0999999999999999E-3	2.8999999999999998E-3	2.8E-3	3.0000000000000001E-3	3.3999999999999998E-3	3.3999999999999998E-3	2.3999999999999998E-3	2.0999999999999999E-3	2.5999999999999999E-3	3.0999999999999999E-3	3.0999999999999999E-3	3.3999999999999998E-3	3.5000000000000001E-3	2E-3	2.2000000000000001E-3	2.0999999999999999E-3	2.5999999999999999E-3	2.7000000000000001E-3	3.0999999999999999E-3	3.3999999999999998E-3	2.8999999999999998E-3	2.5999999999999999E-3	2.3E-3	2.8E-3	2.8E-3	2.3E-3	2.0999999999999999E-3	3.3999999999999998E-3	3.0999999999999999E-3	3.0000000000000001E-3	3.5000000000000001E-3	3.2000000000000002E-3	2.5999999999999999E-3	2.2000000000000001E-3	2.2000000000000001E-3	2.5000000000000001E-3	2.8999999999999998E-3	2.5000000000000001E-3	2.3E-3	2.7000000000000001E-3	3.0999999999999999E-3	3.3E-3	3.3999999999999998E-3	2.3999999999999998E-3	3.2000000000000002E-3	2.5999999999999999E-3	2.7000000000000001E-3	2.0999999999999999E-3	2.8999999999999998E-3	3.2000000000000002E-3	760.6	758.6	799.6	838.7	841.8	760.6	758.6	799.6	838.7	841.8	857.1	846	826.7	868.4	831.6	819.9	842.8	834	837	786.8	821.2	856.7	851.4	805.4	826.4	842.4	838.9	891.1	894.3	866.8	838.2	828	823.6	839.1	838.7	837.2	844.9	840.7	841.8	859.1	837.3	875.8	854.1	846.5	825.3	834.1	836.1	857.5	839.7	887.1	836.1	857.5	839.7	307	303.7	300.89999999999998	301.8	301.60000000000002	303.7	310.7	307.10000000000002	315.2	298.10000000000002	297.60000000000002	297.3	301.39999999999998	302.10000000000002	320.39999999999998	322.7	294.5	303.60000000000002	298.8	308.2	349.3	316.39999999999998	314.60000000000002	309.60000000000002	310.3	351.3	306.10000000000002	305.89999999999998	325.7	300.7	314.89999999999998	308	307.39999999999998	309	305.2	312	336.6	335.9	329.8	302.8	315.10000000000002	307.8	309.2	310.8	306.3	303.10000000000002	305.8	298.3	299.39999999999998	312.2	287.7	300.3	311.39999999999998	306.60000000000002	307.60000000000002	305.7	293.39999999999998	288	289.2	288.89999999999998	291.5	298.5	292.5	284	307.3	303.7	322.7	318.60000000000002	316.7	296.2	286	310.5	312.8	304.10000000000002	296.39999999999998	291.7	297.3	301.39999999999998	298.89999999999998	309.3	297	309.89999999999998	305.89999999999998	301.5	289.2	309.7	293.2	319.7	307.5	288.89999999999998	346.9	328.2	313.7	317.3	311.10000000000002	297.3	292	Carbon Content (%)


Tensile Strength (MPa)




Yield (Rp0.2)	
0.1235	0.1346	0.14080000000000001	0.12809999999999999	0.14810000000000001	0.14860000000000001	0.1239	0.12870000000000001	0.13450000000000001	0.12859999999999999	0.13	0.13789999999999999	0.12859999999999999	0.1255	0.12790000000000001	0.14929999999999999	0.1484	0.1368	0.1206	0.1205	0.12939999999999999	0.14910000000000001	0.14530000000000001	0.14319999999999999	0.13650000000000001	0.12970000000000001	0.13669999999999999	0.14899999999999999	0.14030000000000001	0.1205	0.1381	0.13420000000000001	0.1376	0.1404	0.13850000000000001	0.14019999999999999	0.1278	0.13400000000000001	0.13669999999999999	0.14269999999999999	0.12989999999999999	0.12839999999999999	0.13539999999999999	0.1416	0.1484	0.12970000000000001	0.13689999999999999	0.1275	0.1333	0.13869999999999999	4.3499999999999997E-2	4.9099999999999998E-2	5.0200000000000002E-2	5.8700000000000002E-2	5.5899999999999998E-2	4.4400000000000002E-2	4.2500000000000003E-2	4.8399999999999999E-2	4.8099999999999997E-2	5.2299999999999999E-2	5.5399999999999998E-2	5.9200000000000003E-2	4.1200000000000001E-2	4.5600000000000002E-2	5.1299999999999998E-2	5.4800000000000001E-2	4.82E-2	5.2600000000000001E-2	5.2299999999999999E-2	4.1099999999999998E-2	4.2500000000000003E-2	4.1500000000000002E-2	5.7799999999999997E-2	5.6300000000000003E-2	0.04	5.28E-2	4.36E-2	5.8700000000000002E-2	5.2699999999999997E-2	5.11E-2	4.99E-2	5.0900000000000001E-2	4.2299999999999997E-2	4.6300000000000001E-2	4.58E-2	4.2799999999999998E-2	5.1299999999999998E-2	5.6500000000000002E-2	5.5100000000000003E-2	4.1500000000000002E-2	5.1499999999999997E-2	5.6899999999999999E-2	0.06	5.6800000000000003E-2	4.99E-2	4.6899999999999997E-2	4.3200000000000002E-2	4.1799999999999997E-2	5.1200000000000002E-2	5.5199999999999999E-2	3.0999999999999999E-3	2.8999999999999998E-3	2.8E-3	3.0000000000000001E-3	3.3999999999999998E-3	3.3999999999999998E-3	2.3999999999999998E-3	2.0999999999999999E-3	2.5999999999999999E-3	3.0999999999999999E-3	3.0999999999999999E-3	3.3999999999999998E-3	3.5000000000000001E-3	2E-3	2.2000000000000001E-3	2.0999999999999999E-3	2.5999999999999999E-3	2.7000000000000001E-3	3.0999999999999999E-3	3.3999999999999998E-3	2.8999999999999998E-3	2.5999999999999999E-3	2.3E-3	2.8E-3	2.8E-3	2.3E-3	2.0999999999999999E-3	3.3999999999999998E-3	3.0999999999999999E-3	3.0000000000000001E-3	3.5000000000000001E-3	3.2000000000000002E-3	2.5999999999999999E-3	2.2000000000000001E-3	2.2000000000000001E-3	2.5000000000000001E-3	2.8999999999999998E-3	2.5000000000000001E-3	2.3E-3	2.7000000000000001E-3	3.0999999999999999E-3	3.3E-3	3.3999999999999998E-3	2.3999999999999998E-3	3.2000000000000002E-3	2.5999999999999999E-3	2.7000000000000001E-3	2.0999999999999999E-3	2.8999999999999998E-3	3.2000000000000002E-3	432.3	472.3	476.2	510.5	508.4	432.3	472.3	476.2	510.5	508.4	515	498.4	512.70000000000005	532.6	527.6	477.8	530.6	543	524.29999999999995	466.3	477.7	496.6	476.8	452.4	456.3	479.5	481.4	545.79999999999995	541.20000000000005	531.79999999999995	498.2	512	504.3	496.3	498.5	515.79999999999995	502.5	497.5	500.3	529.29999999999995	499.1	526.29999999999995	497.7	507.8	501.6	498	493.9	500.6	512.4	519.6	493.9	500.6	512.4	156.4	159.30000000000001	152.5	163.30000000000001	173	172.1	162	177.1	184.3	148.80000000000001	153.19999999999999	145.4	166.3	152.1	185.2	176.8	150.6	153.30000000000001	144.9	162.4	214.1	163.9	170.4	158.4	161.4	283.60000000000002	176.4	166.5	205.4	150.6	167.1	163.1	169.7	171.4	167.4	172.5	203.1	200.6	195.9	167.2	177.1	173.7	167.5	174.5	168.3	169.2	164.7	159.9	163.5	188.6	170.5	181.9	177.6	180.4	176.3	174.2	164.7	178.8	181.1	168.2	153	180.7	183.5	175.8	170.6	167.5	180.3	157.1	179.7	171.1	165.8	187.1	167.7	180.7	169.2	187.6	153.5	188.6	172.2	185.4	176.4	185.1	164.9	183.7	163.9	198.6	166.8	208.9	186.8	172.4	214.1	194.9	188.2	191.3	188.7	130.80000000000001	185.6	Carbon Content (%)


Yield (MPa)



Variation in Gauge

Gauge	1.101	1.8240000000000001	1.6240000000000001	1.6259999999999999	1.63	1.101	1.8240000000000001	1.6240000000000001	1.6259999999999999	1.63	1.524	1.1140000000000001	1.9610000000000001	2.0289999999999999	1.962	1.9470000000000001	2.0059999999999998	2.0379999999999998	1.9770000000000001	1.788	1.794	1.776	1.6679999999999999	1.649	1.627	1.6479999999999999	1.8	1.522	1.536	1.5760000000000001	1.7989999999999999	1.7689999999999999	1.9870000000000001	1.397	1.8109999999999999	1.8129999999999999	1.8360000000000001	1.8340000000000001	1.0289999999999999	1.103	1.619	1.1339999999999999	1.637	1.65	1.6140000000000001	1.569	1.651	1.651	1.605	1.113	1.651	1.651	1.605	2.411	1.9379999999999999	1.952	2.9119999999999999	2.927	2.4119999999999999	1.4830000000000001	2.976	2.3719999999999999	3.0350000000000001	3.0289999999999999	1.4890000000000001	2.9540000000000002	2.956	1.9419999999999999	1.925	2.851	1.44	1.9570000000000001	2.403	1.9590000000000001	2.8879999999999999	2.3290000000000002	2.8490000000000002	0.84799999999999998	0.81499999999999995	2.44	2.415	0.77200000000000002	2.899	2.911	2.9209999999999998	2.4239999999999999	2.3969999999999998	2.4830000000000001	2.8210000000000002	0.872	0.872	0.88800000000000001	0.85099999999999998	2.387	2.4910000000000001	2.988	2.871	2.8809999999999998	2.8530000000000002	2.8959999999999999	1.581	1.077	0.755	2.0379999999999998	0.68100000000000005	0.73799999999999999	1.38	0.78100000000000003	1.161	0.95799999999999996	1.6839999999999999	1.663	1.607	0.97099999999999997	0.68899999999999995	1.69	1.6519999999999999	0.99	0.79900000000000004	0.68300000000000005	1.069	0.73099999999999998	1.4419999999999999	1.446	0.70899999999999996	0.63700000000000001	0.70699999999999996	1.4670000000000001	1.7170000000000001	1.446	1.4330000000000001	1.4419999999999999	0.93400000000000005	0.93	0.94899999999999995	0.66900000000000004	1.585	1.4139999999999999	1.665	1.4530000000000001	1.7090000000000001	1.62	1.6779999999999999	0.70099999999999996	0.69199999999999995	0.73899999999999999	0.74	0.70299999999999996	0.49	1.657	
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Coil Specification Carbon Content (%) Direction of test Position Gauge Width Yield (Rp0.2)
Ultimate Tensile 
Strength Total Elongation



High Carbon 0.1235 L W4 1.101 20007 432.3 760.6 20.68
High Carbon 0.1346 L W4 1.824 20104 472.3 758.6 18.97
High Carbon 0.1408 L W4 1.624 20105 476.2 799.6 19.53
High Carbon 0.1281 L W4 1.626 20092 510.5 838.7 17.2
High Carbon 0.1481 L W4 1.63 20070 508.4 841.8 18.45
High Carbon 0.1486 L W4 1.101 20007 432.3 760.6 20.68
High Carbon 0.1239 L W4 1.824 20104 472.3 758.6 18.97
High Carbon 0.1287 L W4 1.624 20105 476.2 799.6 19.53
High Carbon 0.1345 L W4 1.626 20092 510.5 838.7 17.2
High Carbon 0.1286 L W4 1.63 20070 508.4 841.8 18.45
High Carbon 0.1300 L W4 1.524 19991 515 857.1 17.93
High Carbon 0.1379 L W4 1.114 20056 498.4 846 18.3
High Carbon 0.1286 L W4 1.961 20136 512.7 826.7 15.08
High Carbon 0.1255 L W4 2.029 20193 532.6 868.4 13.76
High Carbon 0.1279 L W4 1.962 20144 527.6 831.6 17.05
High Carbon 0.1493 L W4 1.947 20126 477.8 819.9 18.83
High Carbon 0.1484 L W4 2.006 20170 530.6 842.8 17.78
High Carbon 0.1368 L W4 2.038 20152 543 834 17.68
High Carbon 0.1206 L W4 1.977 20180 524.3 837 18.33
High Carbon 0.1205 L W4 1.788 20140 466.3 786.8 21.72
High Carbon 0.1294 L W4 1.794 20170 477.7 821.2 18.66
High Carbon 0.1491 L W4 1.776 20156 496.6 856.7 17.05
High Carbon 0.1453 L W4 1.668 20162 476.8 851.4 15.85
High Carbon 0.1432 L W4 1.649 20170 452.4 805.4 19.38
High Carbon 0.1365 L W4 1.627 20168 456.3 826.4 18.05
High Carbon 0.1297 L W4 1.648 20154 479.5 842.4 17.63
High Carbon 0.1367 L W4 1.8 20125 481.4 838.9 19.07
High Carbon 0.1490 L W4 1.522 20158 545.8 891.1 16.94
High Carbon 0.1403 L W4 1.536 20166 541.2 894.3 17.29
High Carbon 0.1205 L W4 1.576 20177 531.8 866.8 15.6
High Carbon 0.1381 L W4 1.799 20347 498.2 838.2 20.22
High Carbon 0.1342 L W4 1.769 20348 512 828 18.55
High Carbon 0.1376 L W4 1.987 20340 504.3 823.6 16.78
High Carbon 0.1404 L W4 1.397 20394 496.3 839.1 18.01
High Carbon 0.1385 L W4 1.811 20378 498.5 838.7 18.5
High Carbon 0.1402 L W4 1.813 20351 515.8 837.2 19.13
High Carbon 0.1278 L W4 1.836 20347 502.5 844.9 17.96
High Carbon 0.1340 L W4 1.834 20340 497.5 840.7 18.56
High Carbon 0.1367 L W4 1.029 20373 500.3 841.8 18.34
High Carbon 0.1427 L W4 1.103 20348 529.3 859.1 16.9
High Carbon 0.1299 L W4 1.619 20385 499.1 837.3 17.7
High Carbon 0.1284 L W4 1.134 20370 526.3 875.8 17.79
High Carbon 0.1354 L W4 1.637 20387 497.7 854.1 18.66
High Carbon 0.1416 L W4 1.65 20369 507.8 846.5 19.46
High Carbon 0.1484 L W4 1.614 20361 501.6 825.3 20.14
High Carbon 0.1297 L W4 1.569 20367 498 834.1 18.46
High Carbon 0.1369 L W4 1.651 20263 493.9 836.1 17.41
High Carbon 0.1275 L W4 1.651 20239 500.6 857.5 18.56
High Carbon 0.1333 L W4 1.605 20344 512.4 839.7 18.84
High Carbon 0.1387 L W4 1.113 20275 519.6 887.1 18.02










Coil Specification Carbon Content (%) Direction of test Position  Gauge Width Yield (Rp0.2)

Ultimate Tensile 

Strength Total Elongation

High Carbon 0.1235L W4 1.101 20007 432.3 760.6 20.68

High Carbon 0.1346L W4 1.824 20104 472.3 758.6 18.97

High Carbon 0.1408L W4 1.624 20105 476.2 799.6 19.53

High Carbon 0.1281L W4 1.626 20092 510.5 838.7 17.2

High Carbon 0.1481L W4 1.63 20070 508.4 841.8 18.45

High Carbon 0.1486L W4 1.101 20007 432.3 760.6 20.68

High Carbon 0.1239L W4 1.824 20104 472.3 758.6 18.97

High Carbon 0.1287L W4 1.624 20105 476.2 799.6 19.53

High Carbon 0.1345L W4 1.626 20092 510.5 838.7 17.2

High Carbon 0.1286L W4 1.63 20070 508.4 841.8 18.45

High Carbon 0.1300L W4 1.524 19991 515 857.1 17.93

High Carbon 0.1379L W4 1.114 20056 498.4 846 18.3

High Carbon 0.1286L W4 1.961 20136 512.7 826.7 15.08

High Carbon 0.1255L W4 2.029 20193 532.6 868.4 13.76

High Carbon 0.1279L W4 1.962 20144 527.6 831.6 17.05

High Carbon 0.1493L W4 1.947 20126 477.8 819.9 18.83

High Carbon 0.1484L W4 2.006 20170 530.6 842.8 17.78

High Carbon 0.1368L W4 2.038 20152 543 834 17.68

High Carbon 0.1206L W4 1.977 20180 524.3 837 18.33

High Carbon 0.1205L W4 1.788 20140 466.3 786.8 21.72

High Carbon 0.1294L W4 1.794 20170 477.7 821.2 18.66

High Carbon 0.1491L W4 1.776 20156 496.6 856.7 17.05

High Carbon 0.1453L W4 1.668 20162 476.8 851.4 15.85

High Carbon 0.1432L W4 1.649 20170 452.4 805.4 19.38

High Carbon 0.1365L W4 1.627 20168 456.3 826.4 18.05

High Carbon 0.1297L W4 1.648 20154 479.5 842.4 17.63

High Carbon 0.1367L W4 1.8 20125 481.4 838.9 19.07

High Carbon 0.1490L W4 1.522 20158 545.8 891.1 16.94

High Carbon 0.1403L W4 1.536 20166 541.2 894.3 17.29

High Carbon 0.1205L W4 1.576 20177 531.8 866.8 15.6

High Carbon 0.1381L W4 1.799 20347 498.2 838.2 20.22

High Carbon 0.1342L W4 1.769 20348 512 828 18.55

High Carbon 0.1376L W4 1.987 20340 504.3 823.6 16.78

High Carbon 0.1404L W4 1.397 20394 496.3 839.1 18.01

High Carbon 0.1385L W4 1.811 20378 498.5 838.7 18.5

High Carbon 0.1402L W4 1.813 20351 515.8 837.2 19.13

High Carbon 0.1278L W4 1.836 20347 502.5 844.9 17.96

High Carbon 0.1340L W4 1.834 20340 497.5 840.7 18.56

High Carbon 0.1367L W4 1.029 20373 500.3 841.8 18.34

High Carbon 0.1427L W4 1.103 20348 529.3 859.1 16.9

High Carbon 0.1299L W4 1.619 20385 499.1 837.3 17.7

High Carbon 0.1284L W4 1.134 20370 526.3 875.8 17.79

High Carbon 0.1354L W4 1.637 20387 497.7 854.1 18.66

High Carbon 0.1416L W4 1.65 20369 507.8 846.5 19.46

High Carbon 0.1484L W4 1.614 20361 501.6 825.3 20.14

High Carbon 0.1297L W4 1.569 20367 498 834.1 18.46

High Carbon 0.1369L W4 1.651 20263 493.9 836.1 17.41

High Carbon 0.1275L W4 1.651 20239 500.6 857.5 18.56

High Carbon 0.1333L W4 1.605 20344 512.4 839.7 18.84

High Carbon 0.1387L W4 1.113 20275 519.6 887.1 18.02
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Coil Specification Carbon Content (%) Direction of test Position Gauge Width Yield (Rp0.2)
Ultimate Tensile 
Strength Total Elongation



Medium Carbon 0.0435 L W4 1.651 20263 493.9 836.1 17.41
Medium Carbon 0.0491 L W4 1.651 20239 500.6 857.5 18.56
Medium Carbon 0.0502 L W4 1.605 20344 512.4 839.7 18.84
Medium Carbon 0.0587 L W4 2.411 20092 156.4 307 47.07
Medium Carbon 0.0559 L W4 1.938 20103 159.3 303.7 43.56
Medium Carbon 0.0444 L W4 1.952 20087 152.5 300.9 40.9
Medium Carbon 0.0425 L W4 2.912 20072 163.3 301.8 45.63
Medium Carbon 0.0484 L W4 2.927 20024 173 301.6 45.05
Medium Carbon 0.0481 L W4 2.412 20030 172.1 303.7 43.09
Medium Carbon 0.0523 L W4 1.483 20053 162 310.7 44.45
Medium Carbon 0.0554 L W4 2.976 20051 177.1 307.1 44.5
Medium Carbon 0.0592 L W4 2.372 20052 184.3 315.2 42.06
Medium Carbon 0.0412 L W4 3.035 20007 148.8 298.1 48.4
Medium Carbon 0.0456 L W4 3.029 20036 153.2 297.6 45.9
Medium Carbon 0.0513 L W4 1.489 20020 145.4 297.3 43.04
Medium Carbon 0.0548 L W4 2.954 20018 166.3 301.4 46.19
Medium Carbon 0.0482 L W4 2.956 20033 152.1 302.1 46.4
Medium Carbon 0.0526 L W4 1.942 20033 185.2 320.4 41.14
Medium Carbon 0.0523 L W4 1.925 20084 176.8 322.7 45.29
Medium Carbon 0.0411 L W4 2.851 20407 150.6 294.5 47.88
Medium Carbon 0.0425 L W4 1.44 19461 153.3 303.6 45.86
Medium Carbon 0.0415 L W4 1.957 19507 144.9 298.8 45.75
Medium Carbon 0.0578 L W4 2.403 19477 162.4 308.2 46.12
Medium Carbon 0.0563 L W4 1.959 19411 214.1 349.3 35.97
Medium Carbon 0.0400 L W4 2.888 19393 163.9 316.4 41.99
Medium Carbon 0.0528 L W4 2.329 19462 170.4 314.6 43.63
Medium Carbon 0.0436 L W4 2.849 19403 158.4 309.6 43.56
Medium Carbon 0.0587 L W4 0.848 19391 161.4 310.3 40.62
Medium Carbon 0.0527 L W4 0.815 19417 283.6 351.3 39.52
Medium Carbon 0.0511 L W4 2.44 19252 176.4 306.1 44.74
Medium Carbon 0.0499 L W4 2.415 19317 166.5 305.9 44.38
Medium Carbon 0.0509 L W4 0.772 19527 205.4 325.7 38.69
Medium Carbon 0.0423 L W4 2.899 19541 150.6 300.7 44.95
Medium Carbon 0.0463 L W4 2.911 19524 167.1 314.9 40.38
Medium Carbon 0.0458 L W4 2.921 19550 163.1 308 46.14
Medium Carbon 0.0428 L W4 2.424 19533 169.7 307.4 46.49
Medium Carbon 0.0513 L W4 2.397 19340 171.4 309 46.43
Medium Carbon 0.0565 L W4 2.483 19291 167.4 305.2 45.45
Medium Carbon 0.0551 L W4 2.821 19289 172.5 312 47.35
Medium Carbon 0.0415 L W4 0.872 19326 203.1 336.6 36.12
Medium Carbon 0.0515 L W4 0.872 19383 200.6 335.9 36.43
Medium Carbon 0.0569 L W4 0.888 19366 195.9 329.8 39.29
Medium Carbon 0.0600 L W4 0.851 20545 167.2 302.8 42.47
Medium Carbon 0.0568 L W4 2.387 20565 177.1 315.1 43.4
Medium Carbon 0.0499 L W4 2.491 20628 173.7 307.8 46.3
Medium Carbon 0.0469 L W4 2.988 20621 167.5 309.2 45.89
Medium Carbon 0.0432 L W4 2.871 19314 174.5 310.8 43.55
Medium Carbon 0.0418 L W4 2.881 19305 168.3 306.3 43.12
Medium Carbon 0.0512 L W4 2.853 19398 169.2 303.1 45.35
Medium Carbon 0.0552 L W4 2.896 19367 164.7 305.8 46.32










Coil Specification Carbon Content (%) Direction of test Position  Gauge Width Yield (Rp0.2)

Ultimate Tensile 

Strength Total Elongation

Medium Carbon 0.0435L W4 1.651 20263 493.9 836.1 17.41

Medium Carbon 0.0491L W4 1.651 20239 500.6 857.5 18.56

Medium Carbon 0.0502L W4 1.605 20344 512.4 839.7 18.84

Medium Carbon 0.0587L W4 2.411 20092 156.4 307 47.07

Medium Carbon 0.0559L W4 1.938 20103 159.3 303.7 43.56

Medium Carbon 0.0444L W4 1.952 20087 152.5 300.9 40.9

Medium Carbon 0.0425L W4 2.912 20072 163.3 301.8 45.63

Medium Carbon 0.0484L W4 2.927 20024 173 301.6 45.05

Medium Carbon 0.0481L W4 2.412 20030 172.1 303.7 43.09

Medium Carbon 0.0523L W4 1.483 20053 162 310.7 44.45

Medium Carbon 0.0554L W4 2.976 20051 177.1 307.1 44.5

Medium Carbon 0.0592L W4 2.372 20052 184.3 315.2 42.06

Medium Carbon 0.0412L W4 3.035 20007 148.8 298.1 48.4

Medium Carbon 0.0456L W4 3.029 20036 153.2 297.6 45.9

Medium Carbon 0.0513L W4 1.489 20020 145.4 297.3 43.04

Medium Carbon 0.0548L W4 2.954 20018 166.3 301.4 46.19

Medium Carbon 0.0482L W4 2.956 20033 152.1 302.1 46.4

Medium Carbon 0.0526L W4 1.942 20033 185.2 320.4 41.14

Medium Carbon 0.0523L W4 1.925 20084 176.8 322.7 45.29

Medium Carbon 0.0411L W4 2.851 20407 150.6 294.5 47.88

Medium Carbon 0.0425L W4 1.44 19461 153.3 303.6 45.86

Medium Carbon 0.0415L W4 1.957 19507 144.9 298.8 45.75

Medium Carbon 0.0578L W4 2.403 19477 162.4 308.2 46.12

Medium Carbon 0.0563L W4 1.959 19411 214.1 349.3 35.97

Medium Carbon 0.0400L W4 2.888 19393 163.9 316.4 41.99

Medium Carbon 0.0528L W4 2.329 19462 170.4 314.6 43.63

Medium Carbon 0.0436L W4 2.849 19403 158.4 309.6 43.56

Medium Carbon 0.0587L W4 0.848 19391 161.4 310.3 40.62

Medium Carbon 0.0527L W4 0.815 19417 283.6 351.3 39.52

Medium Carbon 0.0511L W4 2.44 19252 176.4 306.1 44.74

Medium Carbon 0.0499L W4 2.415 19317 166.5 305.9 44.38

Medium Carbon 0.0509L W4 0.772 19527 205.4 325.7 38.69

Medium Carbon 0.0423L W4 2.899 19541 150.6 300.7 44.95

Medium Carbon 0.0463L W4 2.911 19524 167.1 314.9 40.38

Medium Carbon 0.0458L W4 2.921 19550 163.1 308 46.14

Medium Carbon 0.0428L W4 2.424 19533 169.7 307.4 46.49

Medium Carbon 0.0513L W4 2.397 19340 171.4 309 46.43

Medium Carbon 0.0565L W4 2.483 19291 167.4 305.2 45.45

Medium Carbon 0.0551L W4 2.821 19289 172.5 312 47.35

Medium Carbon 0.0415L W4 0.872 19326 203.1 336.6 36.12

Medium Carbon 0.0515L W4 0.872 19383 200.6 335.9 36.43

Medium Carbon 0.0569L W4 0.888 19366 195.9 329.8 39.29

Medium Carbon 0.0600L W4 0.851 20545 167.2 302.8 42.47

Medium Carbon 0.0568L W4 2.387 20565 177.1 315.1 43.4

Medium Carbon 0.0499L W4 2.491 20628 173.7 307.8 46.3

Medium Carbon 0.0469L W4 2.988 20621 167.5 309.2 45.89

Medium Carbon 0.0432L W4 2.871 19314 174.5 310.8 43.55

Medium Carbon 0.0418L W4 2.881 19305 168.3 306.3 43.12

Medium Carbon 0.0512L W4 2.853 19398 169.2 303.1 45.35

Medium Carbon 0.0552L W4 2.896 19367 164.7 305.8 46.32
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Coil Specification Carbon Content (%) Direction of test Position Gauge Width Yield (Rp0.2)
Ultimate Tensile 
Strength Total Elongation



Low Carbon 0.0031 L W4 1.581 20151 159.9 298.3 48.53
Low Carbon 0.0029 L W4 1.077 19401 163.5 299.4 42.8
Low Carbon 0.0028 L W4 0.755 19450 188.6 312.2 40.57
Low Carbon 0.003 L W4 2.038 20508 170.5 287.7 46.52
Low Carbon 0.0034 L W4 0.681 20397 181.9 300.3 41.05
Low Carbon 0.0034 L W4 0.738 19384 177.6 311.4 47.4
Low Carbon 0.0024 L W4 1.38 19236 180.4 306.6 47.12
Low Carbon 0.0021 L W4 0.781 19365 176.3 307.6 40.45
Low Carbon 0.0026 L W4 1.161 19328 174.2 305.7 43.82
Low Carbon 0.0031 L W4 0.958 20246 164.7 293.4 43.99
Low Carbon 0.0031 L W4 1.684 20248 178.8 288 46.43
Low Carbon 0.0034 L W4 1.663 20286 181.1 289.2 48.45
Low Carbon 0.0035 L W4 1.607 20262 168.2 288.9 48.65
Low Carbon 0.0020 L W4 0.971 19362 153 291.5 48.54
Low Carbon 0.0022 L W4 0.689 20205 180.7 298.5 42.91
Low Carbon 0.0021 L W4 1.69 20090 183.5 292.5 45.66
Low Carbon 0.0026 L W4 1.652 20084 175.8 284 47.3
Low Carbon 0.0027 L W4 0.99 20071 170.6 307.3 43.51
Low Carbon 0.0031 L W4 0.799 20135 167.5 303.7 44.09
Low Carbon 0.0034 L W4 0.683 20068 180.3 322.7 42.12
Low Carbon 0.0029 L W4 1.069 20184 157.1 318.6 43.77
Low Carbon 0.0026 L W4 0.731 20018 179.7 316.7 40.96
Low Carbon 0.0023 L W4 1.442 20300 171.1 296.2 49.61
Low Carbon 0.0028 L W4 1.446 19980 165.8 286 43.75
Low Carbon 0.0028 L W4 0.709 20056 187.1 310.5 41.26
Low Carbon 0.0023 L W4 0.637 20012 167.7 312.8 43.41
Low Carbon 0.0021 L W4 0.707 20033 180.7 304.1 42.3
Low Carbon 0.0034 L W4 1.467 20071 169.2 296.4 42.34
Low Carbon 0.0031 L W4 1.717 20093 187.6 291.7 43.81
Low Carbon 0.0030 L W4 1.446 20026 153.5 297.3 42.07
Low Carbon 0.0035 L W4 1.433 20018 188.6 301.4 40.33
Low Carbon 0.0032 L W4 1.442 20017 172.2 298.9 40.34
Low Carbon 0.0026 L W4 0.934 20019 185.4 309.3 44.36
Low Carbon 0.0022 L W4 0.93 20049 176.4 297 38.68
Low Carbon 0.0022 L W4 0.949 20028 185.1 309.9 41.85
Low Carbon 0.0025 L W4 0.669 19966 164.9 305.9 47.3
Low Carbon 0.0029 L W4 1.585 20071 183.7 301.5 43.79
Low Carbon 0.0025 L W4 1.414 20026 163.9 289.2 48.5
Low Carbon 0.0023 L W4 1.665 20089 198.6 309.7 41.81
Low Carbon 0.0027 L W4 1.453 20035 166.8 293.2 49.04
Low Carbon 0.0031 L W4 1.709 20036 208.9 319.7 40.9
Low Carbon 0.0033 L W4 1.62 20040 186.8 307.5 45.96
Low Carbon 0.0034 L W4 1.678 19993 172.4 288.9 44.73
Low Carbon 0.0024 L W4 0.701 20018 214.1 346.9 39.23
Low Carbon 0.0032 L W4 0.692 20011 194.9 328.2 40.4
Low Carbon 0.0026 L W4 0.739 19996 188.2 313.7 48.73
Low Carbon 0.0027 L W4 0.74 20012 191.3 317.3 41.12
Low Carbon 0.0021 L W4 0.703 19994 188.7 311.1 47.1
Low Carbon 0.0029 L W4 0.49 19984 130.8 297.3 45.6
Low Carbon 0.0032 L W4 1.657 19994 185.6 292 49.77










Coil Specification Carbon Content (%) Direction of test Position  Gauge Width Yield (Rp0.2)

Ultimate Tensile 

Strength Total Elongation

Low Carbon 0.0031L W4 1.581 20151 159.9 298.3 48.53

Low Carbon 0.0029L W4 1.077 19401 163.5 299.4 42.8

Low Carbon 0.0028L W4 0.755 19450 188.6 312.2 40.57

Low Carbon 0.003L W4 2.038 20508 170.5 287.7 46.52

Low Carbon 0.0034L W4 0.681 20397 181.9 300.3 41.05

Low Carbon 0.0034L W4 0.738 19384 177.6 311.4 47.4

Low Carbon 0.0024L W4 1.38 19236 180.4 306.6 47.12

Low Carbon 0.0021L W4 0.781 19365 176.3 307.6 40.45

Low Carbon 0.0026L W4 1.161 19328 174.2 305.7 43.82

Low Carbon 0.0031L W4 0.958 20246 164.7 293.4 43.99

Low Carbon 0.0031L W4 1.684 20248 178.8 288 46.43

Low Carbon 0.0034L W4 1.663 20286 181.1 289.2 48.45

Low Carbon 0.0035L W4 1.607 20262 168.2 288.9 48.65

Low Carbon 0.0020L W4 0.971 19362 153 291.5 48.54

Low Carbon 0.0022L W4 0.689 20205 180.7 298.5 42.91

Low Carbon 0.0021L W4 1.69 20090 183.5 292.5 45.66

Low Carbon 0.0026L W4 1.652 20084 175.8 284 47.3

Low Carbon 0.0027L W4 0.99 20071 170.6 307.3 43.51

Low Carbon 0.0031L W4 0.799 20135 167.5 303.7 44.09

Low Carbon 0.0034L W4 0.683 20068 180.3 322.7 42.12

Low Carbon 0.0029L W4 1.069 20184 157.1 318.6 43.77

Low Carbon 0.0026L W4 0.731 20018 179.7 316.7 40.96

Low Carbon 0.0023L W4 1.442 20300 171.1 296.2 49.61

Low Carbon 0.0028L W4 1.446 19980 165.8 286 43.75

Low Carbon 0.0028L W4 0.709 20056 187.1 310.5 41.26

Low Carbon 0.0023L W4 0.637 20012 167.7 312.8 43.41

Low Carbon 0.0021L W4 0.707 20033 180.7 304.1 42.3

Low Carbon 0.0034L W4 1.467 20071 169.2 296.4 42.34

Low Carbon 0.0031L W4 1.717 20093 187.6 291.7 43.81

Low Carbon 0.0030L W4 1.446 20026 153.5 297.3 42.07

Low Carbon 0.0035L W4 1.433 20018 188.6 301.4 40.33

Low Carbon 0.0032L W4 1.442 20017 172.2 298.9 40.34

Low Carbon 0.0026L W4 0.934 20019 185.4 309.3 44.36

Low Carbon 0.0022L W4 0.93 20049 176.4 297 38.68

Low Carbon 0.0022L W4 0.949 20028 185.1 309.9 41.85

Low Carbon 0.0025L W4 0.669 19966 164.9 305.9 47.3

Low Carbon 0.0029L W4 1.585 20071 183.7 301.5 43.79

Low Carbon 0.0025L W4 1.414 20026 163.9 289.2 48.5

Low Carbon 0.0023L W4 1.665 20089 198.6 309.7 41.81

Low Carbon 0.0027L W4 1.453 20035 166.8 293.2 49.04

Low Carbon 0.0031L W4 1.709 20036 208.9 319.7 40.9

Low Carbon 0.0033L W4 1.62 20040 186.8 307.5 45.96

Low Carbon 0.0034L W4 1.678 19993 172.4 288.9 44.73

Low Carbon 0.0024L W4 0.701 20018 214.1 346.9 39.23

Low Carbon 0.0032L W4 0.692 20011 194.9 328.2 40.4

Low Carbon 0.0026L W4 0.739 19996 188.2 313.7 48.73

Low Carbon 0.0027L W4 0.74 20012 191.3 317.3 41.12

Low Carbon 0.0021L W4 0.703 19994 188.7 311.1 47.1

Low Carbon 0.0029L W4 0.49 19984 130.8 297.3 45.6

Low Carbon 0.0032L W4 1.657 19994 185.6 292 49.77
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