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Task 1
Tensile testing is the backbone of modern engineering, it allows engineers to compare, select and predict mechanical properties essential to any project or design. 
The mechanical properties given by a tensile test may be used:
· To certify a product conforms to contractual obligations
· To develop new products or processes
· Compare materials and aid selection during the design process
· Predict the behaviour of materials in a structure under load
Tensile testing is performed by pulling a specimen apart until fracture, whilst measuring the force applied with load cells and the extension/displacement of the material with gauge marks or extensometers. 
Universal testing machines, so called due to their capability to be used in tension and compression, are categorised by the method of operation and by the capacity of the load cell to measure force. Small bench mounted systems have typical capacities of 0.02N to 50kN [1]. Larger freestanding systems can have a capacity up to 5000kN. The mechanism of applying stress or strain varies with capacity. 
For systems with a capacity <1000kN the stress or strain is usually applied electromechanically, an electric motor drives one or more lead screws to move a crosshead away from a fixed base. The precise lead screws and electronic control generally means that electromechanical systems have a more precise control over stress/ strain rates. The design may incorporate 1,2 or 4 lead screws depending on expected loads. In 2 and 4 screw systems the screws will be counter rotating (i.e., left, and right-handed threads) to prevent torque being applied to the specimen under load.
Systems with a capacity >1000kN tend to rely on servo-hydraulic controls to generate the much larger loads required [2], while the accuracy and precision of servo-hydraulic systems is often lower than electromechanical counterparts. The ability to rapidly adjust stress/strain rates is necessary for applications requiring cyclic or fatigue tests.
The tensile test is carried out under strict conditions, usually set out by an international standard. The most common tensile test standards for metallic materials are BSEN ISO 6892-1 for European and international markets and ASTM E8 for American markets [3] [4]. Both standards describe a test specimen of specific geometry with well-defined dimensions. This ensures that the mechanical properties determined by testing are reproducible between laboratories. The shape of a tensile test has a reduced section that acts as a stress concentrator, ensuring that the break occurs away from the grips where the method of gripping can cause non uniform stress concentrations in the gripped area [5]. Due to the reduced section, these test pieces or specimens are frequently referred to as “Dog-Bones”
[image: ]
Figure 1 - Example tensile test curve [6]
Youngs Modulus - E
Hooke’s law is observed until point A, the limit of proportionality. The gradient of OA is the elastic or Young’s modulus. If a load is removed in this area the material returns to its original state with no deformation. Point B is the elastic limit beyond which plastic deformation occurs, in most practical cases A and B are assumed to be equivalent. 
Yield Strength – Re or Rp
Points C and D are the upper (ReH) and lower (ReL) yield points the material strains rapidly without an associated increase in stress, the range over which this occurs contributes to the overall ductility of the material. In some materials a yield point can be difficult to determine or even not present. In these cases, a proof stress can be calculated. Proof stress (Rp) is the stress at which the removal of the load results in a permanent predetermined strain. A proof value is typically 0.2% but 0.1-0.5% of the original gauge length are common. To calculate from a stress/strain or load/displacement graph, draw a straight line from the proof strain at a gradient equal to E (or parallel to OA)
Between points D and E, the material is said to be undergoing uniform plastic deformation, that is the reduction in width is uniform across the gauge length
Tensile Strength - Rm
Point E is the ultimate tensile strength, it is the point of maximum force and thus the highest load a material can sustain safely. 
Engineers will rarely design a component where the operating loads are exactly equal to the yield or tensile strength a safety factor is used that expresses a level of overage a system or component requires to be considered a safe design. The factor takes into consideration operating temperatures, expected loads, method of load application whether static or dynamic and ensures that a proper design. A low safety factor is not necessarily indicative of a dangerous component. Frequently in aerospace a high safety factor would result in components too heavy to fly. This explains why quality control systems in aerospace are typically higher than those in the automotive industry. [7]
Beyond point E is the region of non-uniform plastic deformation. The cross section of the material under test begins to decrease in a phenomenon known “as necking”. As the cross section reduces the stress increases further until the material fractures at point F. 
Stress at Fracture
On an engineering stress-strain curve, necking is displayed as a decrease in stress. (Fig.2 Point E) Whereas the stress is actually increasing. This is because stress values are nominal; they are calculated with the original cross-sectional area. If the specimen geometry is measured throughout the test, actual cross-sectional area can be calculated and thus the actual stress at fracture is Fig.2 Point E’

[image: ]
Figure 2 - Tensile test curve showing nominal and actual stress [5]

There are also mechanical properties relating to the elongation of a specimen under load, these properties are useful in determining the ductility of a material.
Reduction in Area - Z
Expressed as a percentage of the reduction of cross-sectional area compared to the original area. Allows engineers to quantify ductility independent of gauge length. A more ductile material will have a greater reduction in area before fracture. [8]
Elongation after fracture – A
This is the ratio of the final length and the original gauge length of a specimen once it has fractured Fig.1 Point F, this can be determined by extensometer or by manual measurement of regularly spaced marks along a gauge length. Expressed as a percentage, a material with a greater displacement or strain is said to be high ductility. [9]



Task 2
Part 1 – Specimen A, Carbon Steel 0.1%C
1. 
Figure 3 - Load extension graph of 0.1% carbon steel
2.  
Figure 4 - Load extension graph of 0.1% carbon steel enlarged over elastic range

	Input Data
	Value
	
	Output Data
	Value

	L0 (mm)
	54.00
	
	Fm(kN)
	16.58

	Lu (mm)
	61.88
	
	FeH(kN)
	15.91

	d0 (mm)
	12.72
	
	FeL(kN)
	15.84

	du (mm)
	7.45
	
	Break(kN)
	11.64

	S0 (mm2)
	127.08
	
	Slope (kN/mm)
	4.80

	Su (mm)
	43.59
	
	
	




	Question 
	Name
	Value
	Unit

	a)
	Young’s Modulus
	2.0
	GPa

	b)
	Tensile Strength
	130.5
	MPa

	c)
	Upper Yield Strength
	125.2
	MPa

	
	Lower Yield Strength
	124.7
	MPa

	d)
	Area Reduction
	65.7
	%

	e)
	Percentage Elongation after Fracture
	14.6
	%

	f)
	Nominal Stress at fracture
	91.6
	MPa

	g)
	Actual Stress at fracture
	267.0
	MPa


a) Young’s Modulus – E

b) Tensile Strength – Rm


c) 
i) Upper Yield – ReH


ii) Lower Yield – ReL

d) Percentage Reduction in Area – Z

e) Percentage Elongation – A

f) Nominal Stress at Fracture

g) Actual Stress at Fracture





Part 2 – Specimen A, Carbon Steel 0.1%C

Figure 5 - Load extension graph of 0.29% carbon steel


Figure 6 - Load extension graph of 0.29% carbon steel enlarged over elastic range


	Input Data
	Value
	
	Output Data
	Value

	L0 (mm)
	54.00
	
	Fm(kN)
	16.925

	Lu (mm)
	61.88
	
	FeH(kN)
	0

	d0 (mm)
	12.72
	
	FeL(kN)
	0

	du (mm)
	7.45
	
	Fp0.2 (kN)
	11.31

	S0 (mm2)
	127.08
	
	Break(kN)
	11.64

	Su (mm)
	43.59
	
	Slope (kN/mm)
	4.68



	Question
	Name
	Value
	Unit

	a)
	E
	2.0
	GPa

	b)
	UTS
	133.2
	MPa

	c)
	ReH
	Not present
	MPa

	
	ReL
	Not present
	MPa

	
	Rp0.2
	89.0
	MPa

	d)
	Area Reduction
	65.7
	%

	e)
	A%
	21.8
	%

	f)
	Nominal Stress at fracture
	104.5
	MPa

	g)
	Actual Stress at fracture
	304.6
	MPa



a) Young’s Modulus – E

b) Tensile Strength – Rm





c) 
i) Upper Yield – ReH

ii) Lower Yield – ReL

iii) Proof Strength – Rp0.2

d) Percentage Reduction in Area – Z

e) Percentage Elongation – A

f) Nominal Stress at Fracture

g) Actual Stress at Fracture



Task 3
Specimen A and C have similar Elastic (Young’s) Modulus, meaning the exhibit a similar stiffness or resistance to elastic deformation. This is expected as steels will generally have the same elastic moduli. The value is low, 200GPa would be normal [10] however the supplied load extension was used with a different cross sectional area.
Specimen A and C have similar tensile strength, 130.5 MPa and 133.2 MPa, respectively. This is the maximum stress that each specimen can withstand before fracture. Due to the non-uniform plastic deformation that takes place after UTS no further stress is required to produce greater displacements due to the necking that is occurring. These values are low compared with real life examples of mild steel which would have tensile strengths and yield strengths of 400-500MPa and 200-300MPa, respectively [11]. This is due to the reference data using load extension values from a specimen with a different cross-sectional area and so these materials will only be compared against each other and not real-world examples.
Specimen C does not display an upper and lower yield point; thus the 0.2% proof strength was determined. 
In the data supplied for specimen A and C, the force at break Fu was given by the control software as 9.815kN and 4.72kN. However, it can be seen from Fig.1 and Fig.3 that these data points are not the true location of the break and are artifacts of the data sampling rate of the control software. According to BSEN ISO 6891-1:2019 §A.3.6. [3]
The fracture is considered to be effective when the force between two consecutive points decreases
a) by more than five times the difference between the value of the previous two points, followed by a decrease to lower than 2 % of the maximum tensile force, and
b) lower than 2 % of the maximum tensile force (soft materials).
The following condition was tested against load near the break point where:
 is the difference between, force at point n and the force at the preceding datapoint and  is the difference between, force at point n and the force at the next datapoint.
The evaluation criteria can be expressed as:

Equation 1



	Specimen A
	
	Specimen C

	Time
	Load /kN
	Displacement (mm)
	Evaluation
	
	Time
	Load /kN
	Displacement /mm
	Evaluation

	23.418
	11.745
	7.871
	FALSE
	
	34.946
	13.485
	11.74
	FALSE

	23.438
	11.705
	7.878
	FALSE
	
	34.966
	13.405
	11.747
	FALSE

	23.458
	11.64
	7.884
	TRUE
	
	34.985
	13.28
	11.753
	TRUE

	23.478
	9.815
	7.897
	FALSE
	
	35.006
	12.4
	11.762
	TRUE

	23.498
	1.06
	7.903
	TRUE
	
	35.026
	4.715
	11.773
	TRUE

	23.518
	-0.415
	7.909
	TRUE
	
	35.046
	0.015
	11.778
	TRUE


Table 1 - Determination of Break Point u. Yellow is original software derived value. Green satisfies Equation 1
For Specimen C
Nominal Stress at fracture from original (yellow) value


This results in a potential difference of 67MPa for the actual stress at break.
Final Thoughts
One would ordinarily associate the higher carbon content of specimen C to result in a more brittle, stronger material than specimen A, however this only truly applies to martensitic steels where carbon is located interstitially in the BCC lattice. Carbon steels can be ductile, as seen in Fig.3. It is not only the carbon content that drives ductility but rather the microstructure. In the case of Specimen A and C it is likely only the ratio of cementite that is different and so long as the cementite crystals are separated by large enough distances so as not to interact during plastic deformation then strength characteristics will be similar.
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Load /kN





Carbon steel 0.1%	
0.04	4.5999999999999999E-2	5.1999999999999998E-2	0.06	6.6000000000000003E-2	7.3999999999999996E-2	0.08	8.5999999999999993E-2	9.4E-2	0.1	0.107	0.114	0.12	0.126	0.13400000000000001	0.14000000000000001	0.14599999999999999	0.154	0.16	0.16700000000000001	0.17399999999999999	0.18	0.187	0.19400000000000001	0.2	0.20699999999999999	0.214	0.221	0.22700000000000001	0.23400000000000001	0.24099999999999999	0.247	0.255	0.26100000000000001	0.26700000000000002	0.27500000000000002	0.28100000000000003	0.28699999999999998	0.29499999999999998	0.30099999999999999	0.309	0.315	0.32100000000000001	0.32900000000000001	0.33500000000000002	0.34100000000000003	0.34899999999999998	0.35499999999999998	0.36199999999999999	0.36899999999999999	0.375	0.38200000000000001	0.38900000000000001	0.39500000000000002	0.40200000000000002	0.40899999999999997	0.41599999999999998	0.42199999999999999	0.43	0.436	0.442	0.45	0.45600000000000002	0.46200000000000002	0.47	0.47599999999999998	0.48199999999999998	0.49	0.496	0.502	0.51	0.51600000000000001	0.52200000000000002	0.52900000000000003	0.53600000000000003	0.54200000000000004	0.54900000000000004	0.55600000000000005	0.56200000000000006	0.56899999999999995	0.57599999999999996	0.58199999999999996	0.58899999999999997	0.59599999999999997	0.60199999999999998	0.61	0.61599999999999999	0.622	0.629	0.63600000000000001	0.64200000000000002	0.65	0.65600000000000003	0.66200000000000003	0.67	0.67600000000000005	0.68400000000000005	0.69	0.69599999999999995	0.70199999999999996	0.71	0.71599999999999997	0.72199999999999998	0.73	0.73599999999999999	0.74199999999999999	0.75	0.75600000000000001	0.76400000000000001	0.77	0.77600000000000002	0.78400000000000003	0.79	0.79700000000000004	0.80400000000000005	0.81	0.81699999999999995	0.82399999999999995	0.83	0.83699999999999997	0.84399999999999997	0.85099999999999998	0.85699999999999998	0.86399999999999999	0.871	0.877	0.88400000000000001	0.89100000000000001	0.89700000000000002	0.90500000000000003	0.91100000000000003	0.91700000000000004	0.92500000000000004	0.93100000000000005	0.93700000000000006	0.94499999999999995	0.95099999999999996	0.95899999999999996	0.96499999999999997	0.97099999999999997	0.97899999999999998	0.98499999999999999	0.99199999999999999	0.999	1.006	1.012	1.018	1.026	1.032	1.04	1.046	1.052	1.06	1.0660000000000001	1.073	1.08	1.0860000000000001	1.093	1.1000000000000001	1.107	1.113	1.121	1.127	1.135	1.141	1.147	1.155	1.161	1.1679999999999999	1.175	1.181	1.1879999999999999	1.1950000000000001	1.202	1.208	1.216	1.222	1.228	1.2350000000000001	1.242	1.248	1.256	1.262	1.27	1.276	1.282	1.29	1.296	1.3029999999999999	1.31	1.3160000000000001	1.323	1.33	1.337	1.343	1.35	1.357	1.363	1.371	1.377	1.385	1.391	1.397	1.403	1.411	1.417	1.425	1.431	1.4379999999999999	1.4450000000000001	1.4510000000000001	1.458	1.4650000000000001	1.472	1.478	1.4850000000000001	1.492	1.498	1.5049999999999999	1.512	1.52	1.526	1.532	1.54	1.546	1.5529999999999999	1.56	1.5660000000000001	1.573	1.58	1.587	1.593	1.6	1.607	1.613	1.621	1.627	1.633	1.641	1.647	1.655	1.661	1.667	1.675	1.681	1.6879999999999999	1.6950000000000001	1.7010000000000001	1.708	1.7150000000000001	1.722	1.728	1.7350000000000001	1.742	1.748	1.7549999999999999	1.762	1.768	1.776	1.782	1.79	1.796	1.8029999999999999	1.81	1.8160000000000001	1.823	1.83	1.8360000000000001	1.843	1.85	1.857	1.863	1.87	1.877	1.883	1.891	1.897	1.903	1.911	1.917	1.923	1.931	1.9370000000000001	1.9450000000000001	1.9510000000000001	1.9570000000000001	1.9650000000000001	1.9710000000000001	1.9770000000000001	1.9850000000000001	1.9910000000000001	1.9970000000000001	2.004	2.0110000000000001	2.0169999999999999	2.024	2.0310000000000001	2.0379999999999998	2.044	2.0510000000000002	2.0579999999999998	2.0640000000000001	2.0720000000000001	2.0779999999999998	2.0840000000000001	2.0920000000000001	2.0979999999999999	2.1040000000000001	2.1120000000000001	2.1179999999999999	2.1240000000000001	2.1320000000000001	2.1379999999999999	2.1459999999999999	2.1520000000000001	2.1579999999999999	2.1659999999999999	2.1720000000000002	2.1789999999999998	2.1859999999999999	2.1920000000000002	2.1989999999999998	2.206	2.2120000000000002	2.2189999999999999	2.226	2.2320000000000002	2.2389999999999999	2.246	2.2530000000000001	2.2589999999999999	2.266	2.2719999999999998	2.2789999999999999	2.286	2.2930000000000001	2.2989999999999999	2.3069999999999999	2.3130000000000002	2.3210000000000002	2.327	2.3330000000000002	2.3410000000000002	2.347	2.3530000000000002	2.3610000000000002	2.367	2.3740000000000001	2.3809999999999998	2.3879999999999999	2.3940000000000001	2.4009999999999998	2.4079999999999999	2.4140000000000001	2.4209999999999998	2.4279999999999999	2.4340000000000002	2.4420000000000002	2.448	2.4540000000000002	2.4620000000000002	2.468	2.476	2.4820000000000002	2.488	2.496	2.5019999999999998	2.5089999999999999	2.516	2.5219999999999998	2.5289999999999999	2.536	2.5430000000000001	2.5489999999999999	2.556	2.5630000000000002	2.569	2.577	2.5830000000000002	2.589	2.597	2.6040000000000001	2.6110000000000002	2.617	2.6230000000000002	2.6309999999999998	2.637	2.6440000000000001	2.6509999999999998	2.657	2.6640000000000001	2.6709999999999998	2.677	2.6840000000000002	2.6909999999999998	2.698	2.7040000000000002	2.7109999999999999	2.718	2.7240000000000002	2.7309999999999999	2.738	2.746	2.7519999999999998	2.758	2.766	2.7719999999999998	2.778	2.786	2.7919999999999998	2.7989999999999999	2.806	2.8119999999999998	2.819	2.8260000000000001	2.8319999999999999	2.839	2.8460000000000001	2.8530000000000002	2.859	2.867	2.8730000000000002	2.8809999999999998	2.887	2.8929999999999998	2.9009999999999998	2.907	2.9129999999999998	2.9209999999999998	2.927	2.9329999999999998	2.9409999999999998	2.9470000000000001	2.9540000000000002	2.9609999999999999	2.9670000000000001	2.9740000000000002	2.9809999999999999	2.988	2.9940000000000002	3	3.008	3.0139999999999998	3.0219999999999998	3.028	3.0339999999999998	3.0419999999999998	3.048	3.0550000000000002	3.0619999999999998	3.0680000000000001	3.0750000000000002	3.0819999999999999	3.089	3.0950000000000002	3.1030000000000002	3.109	3.1150000000000002	3.1230000000000002	3.129	3.137	3.1429999999999998	3.15	3.157	3.1629999999999998	3.17	3.177	3.1829999999999998	3.19	3.1970000000000001	3.2029999999999998	3.21	3.2170000000000001	3.2240000000000002	3.23	3.2370000000000001	3.2440000000000002	3.25	3.258	3.2639999999999998	3.2719999999999998	3.278	0	5.0000000000000001E-3	5.0000000000000001E-3	0.01	1.4999999999999999E-2	1.4999999999999999E-2	0.02	0.03	3.5000000000000003E-2	4.4999999999999998E-2	5.5E-2	6.5000000000000002E-2	0.08	0.1	0.115	0.14000000000000001	0.16500000000000001	0.19500000000000001	0.23	0.27500000000000002	0.32	0.37	0.42	0.47499999999999998	0.51500000000000001	0.54500000000000004	0.59499999999999997	0.64500000000000002	0.68	0.73	0.79	0.83	0.89	0.93500000000000005	1.0049999999999999	1.0549999999999999	1.105	1.18	1.23	1.2849999999999999	1.365	1.415	1.47	1.52	1.6	1.65	1.7050000000000001	1.76	1.8149999999999999	1.895	1.95	2.0049999999999999	2.06	2.1150000000000002	2.1749999999999998	2.23	2.3149999999999999	2.375	2.4300000000000002	2.4900000000000002	2.5499999999999998	2.605	2.665	2.72	2.78	2.835	2.9249999999999998	2.98	3.04	3.0950000000000002	3.1549999999999998	3.21	3.2650000000000001	3.32	3.375	3.4249999999999998	3.48	3.5350000000000001	3.5950000000000002	3.65	3.7	3.7549999999999999	3.81	3.8650000000000002	3.915	3.9950000000000001	4.0449999999999999	4.0949999999999998	4.1449999999999996	4.1950000000000003	4.2450000000000001	4.2949999999999999	4.3449999999999998	4.3949999999999996	4.4450000000000003	4.4950000000000001	4.5449999999999999	4.5949999999999998	4.6399999999999997	4.6900000000000004	4.7350000000000003	4.78	4.83	4.875	4.915	4.96	5.0049999999999999	5.05	5.09	5.1349999999999998	5.1749999999999998	5.2149999999999999	5.2549999999999999	5.2949999999999999	5.335	5.375	5.415	5.45	5.4850000000000003	5.5250000000000004	5.56	5.5949999999999998	5.63	5.665	5.6950000000000003	5.73	5.7649999999999997	5.7949999999999999	5.83	5.8650000000000002	5.8949999999999996	5.9249999999999998	5.9550000000000001	5.9850000000000003	6.0149999999999997	6.0449999999999999	6.0750000000000002	6.1050000000000004	6.13	6.16	6.1849999999999996	6.2149999999999999	6.24	6.2649999999999997	6.2949999999999999	6.32	6.3449999999999998	6.37	6.4	6.4249999999999998	6.45	6.4749999999999996	6.5049999999999999	6.53	6.5549999999999997	6.58	6.6050000000000004	6.63	6.65	6.65	6.625	6.62	6.6550000000000002	6.6950000000000003	6.7350000000000003	6.7649999999999997	6.7949999999999999	6.8250000000000002	6.85	6.875	6.9	6.9249999999999998	6.95	6.9749999999999996	6.9950000000000001	7.02	7.0449999999999999	7.07	7.0949999999999998	7.1150000000000002	7.14	7.165	7.1849999999999996	7.21	7.23	7.2549999999999999	7.2750000000000004	7.3	7.3250000000000002	7.35	7.36	7.3849999999999998	7.41	7.4349999999999996	7.46	7.4850000000000003	7.51	7.5350000000000001	7.56	7.585	7.61	7.6349999999999998	7.66	7.68	7.7050000000000001	7.73	7.76	7.7850000000000001	7.81	7.835	7.86	7.8849999999999998	7.9	7.9249999999999998	7.95	7.9749999999999996	8	8.0250000000000004	8.0500000000000007	8.08	8.1050000000000004	8.1300000000000008	8.15	8.1750000000000007	8.19	8.2050000000000001	8.2200000000000006	8.24	8.2650000000000006	8.2949999999999999	8.32	8.35	8.3800000000000008	8.4049999999999994	8.4350000000000005	8.4600000000000009	8.4849999999999994	8.51	8.5399999999999991	8.5649999999999995	8.59	8.6150000000000002	8.64	8.6649999999999991	8.6850000000000005	8.7050000000000001	8.7249999999999996	8.7449999999999992	8.76	8.7799999999999994	8.8049999999999997	8.83	8.86	8.8849999999999998	8.91	8.94	8.9649999999999999	8.99	9.0299999999999994	9.0549999999999997	9.0850000000000009	9.11	9.1349999999999998	9.16	9.1850000000000005	9.2100000000000009	9.2349999999999994	9.26	9.2899999999999991	9.3149999999999995	9.34	9.3650000000000002	9.39	9.4149999999999991	9.44	9.4649999999999999	9.49	9.5150000000000006	9.5399999999999991	9.5649999999999995	9.59	9.6150000000000002	9.64	9.6649999999999991	9.69	9.7149999999999999	9.7449999999999992	9.77	9.7949999999999999	9.82	9.8450000000000006	9.8699999999999992	9.89	9.9149999999999991	9.9450000000000003	9.9700000000000006	9.9949999999999992	10.02	10.045	10.07	10.095000000000001	10.119999999999999	10.145	10.17	10.195	10.220000000000001	10.244999999999999	10.27	10.295	10.32	10.345000000000001	10.375	10.4	10.425000000000001	10.45	10.475	10.5	10.525	10.55	10.574999999999999	10.6	10.625	10.65	10.675000000000001	10.7	10.725	10.75	10.775	10.8	10.83	10.855	10.88	10.904999999999999	10.93	10.955	10.98	11.005000000000001	11.03	11.055	11.08	11.105	11.13	11.154999999999999	11.18	11.205	11.23	11.26	11.285	11.31	11.34	11.365	11.39	11.414999999999999	11.44	11.47	11.494999999999999	11.52	11.545	11.565	11.585000000000001	11.61	11.63	11.65	11.67	11.69	11.715	11.734999999999999	11.76	11.78	11.805	11.83	11.855	11.88	11.904999999999999	11.93	11.955	11.98	12.005000000000001	12.03	12.055	12.08	12.105	12.13	12.15	12.175000000000001	12.2	12.225	12.25	12.275	12.3	12.324999999999999	12.345000000000001	12.37	12.395	12.425000000000001	12.45	12.475	12.494999999999999	12.52	12.545	12.57	12.595000000000001	12.62	12.64	12.664999999999999	12.69	12.715	12.744999999999999	12.77	12.795	12.824999999999999	12.85	12.875	12.9	12.925000000000001	12.955	12.98	13.01	13.035	13.065	13.09	13.12	13.145	13.17	13.2	13.225	13.25	13.28	13.305	13.33	13.355	13.385	13.41	13.435	13.46	13.484999999999999	13.51	13.535	13.56	13.585000000000001	13.605	13.63	13.654999999999999	13.68	13.705	13.73	13.75	13.775	13.8	13.824999999999999	13.845000000000001	13.87	13.89	13.914999999999999	13.935	13.96	13.98	14.005000000000001	14.025	14.05	14.074999999999999	14.1	14.125	14.15	14.175000000000001	14.195	14.225	14.25	14.275	14.3	14.324999999999999	14.35	14.375	14.4	14.425000000000001	14.445	14.47	14.49	14.51	14.525	14.525	14.51	Extension /mm


Load /kN




Carbon Steel 0.29% 
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Load /kN




Carbon Steel 0.29%

Carbon steel 0.29%	
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Load /kN
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