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Single fibre pull out was used to investigate the interfacial shear strength (IFSS) between Polyethylene Terephthalate (PET) fibre and Polypropylene (PP) matrix containing various percentages of maleic anhydride (MA). Glass Fibre (GF) – PP was used as a benchmark for the PET-PP IFSS to ascertain whether PET fibre could match the IFSS performance of glass fibre. The results of the pull out test show that the IFSS of PET – PP increase from 1.3MPa to 5.5MPa when increasing the MA content from 0% to 10% with maximum GF – PP IFSS reaching 10.2 MPa at 1.5% MA. 
1. Introduction 
Over the last decade the automotive industry has increasingly been using Polypropylene (PP) as a matrix material for fibre reinforced composites. This can be attributed to the material’s attractive mechanical properties and low product cost ratio. Various fibres have been used to reinforce the PP matrix with Glass Fibre (GF) being one of the main reinforcement fibres. The automotive industry is investigating various routes to reduce energy consumption and environmental impact by improving the fuel efficiency of vehicles through weight reduction. One possible route is the substitution of GF reinforcement used in the PP composite with lighter, more flexible and more environmentally friendly fibres. Polyethylene Terephthalate (PET) fibre has been investigated as an alternative to GF. PET is a synthetic, aromatic and semi crystalline thermoplastic polymer which is currently being used in the manufacturing of plastic bottles[1, 2] . The polymer has numerous characteristics such as thermal stability, low density, resistance to the environment and recyclability that make it an attractive proposition. Recent research has shown that PP-PET composites have good impact properties [3]. Fibre reinforced composite performance is strongly influenced by the stress transfer capability of the fibre matrix interface. A critical requirement for a successful reinforcement is an excellent interfacial bond which will guarantee load transfer from the matrix to the fibre reinforcement. This paper investigates bond strength between PET fibre and PP containing different weight fractions of maleic anhydride (MA) by single fibre pull out. The results of PET-PP pull out are compared to GF-PP to investigate the means of PET fibre could match the IFSS performance of glass fibre.
2. Experimental

2.1 Materials
Polyethylene Terephthalate fibre with average diameter of 19µm, homopolymer polypropylene (579S MFI 47), and extrusion blended mixtures of various concentration PP + Maleic Anhydride Polypropylene (Polybond 3200)  (MAPP) were obtained from SABIC. PP compatible glass fibre (GF) with an average diameter of 19 µm was sourced from Owens Corning Vetrotex. 

2.2 Sample Preparation
The method employed in manufacturing single fibre pull out samples is illustrated in Figure 1.
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Figure 1: Pull Out Sample Preparation
PP pellets were heated on a hot stage between two glass slides at 220oC and then a weight was applied creating a holding pressure on top of the slide sandwiching the pellets (Figure 1a). This created a film thickness between 0.15 – 0.2mm. Single fibres were then laid across a PP film on a glass slide with the fibre being held in place using tape. A second PP film was then carefully placed on top of the fibre and film ensuring both films were aligned accurately (Figure 1b). Before heat was applied to the film a glass cover slip was placed on top of the PP films to reduce oxidation during heating. The fibre and film (sample) were then placed in a Mettler FP 82 hot stage for four minutes at 220oC to allow time for the fibre to be embedded in to the PP film [4]. The sample was then cut in half which created twice as many samples that had gone through the manufacturing process. Single fibre embedded in PP film was then separated and mounted on to card with superglue with a free fibre length of 5mm (Figure1 d and e). The diameter of each fibre tested was measured using the Nikon Epiphot inverted optical microscope and using Image analysis software, Image J.

2.3 Pull out Test
The pull out test was carried out at room temperature on Instron 3342 Tensile Test machine which was fitted with a device to carry out the pull out test. The device had two movable knife edges which were controlled by a pair of micrometer heads with a resolution of 1µm [5]. The knife edges were used to constrain the PP film with the distance between the blades being the diameter of fibre (Figure 2). A stereo microscope was used to assist the placement of the knife edges and to observe pull out test process. A load cell of 10N was used and the crosshead extension rate of 0.1mm/min was set for the test. Specimens with different embedded fibre length were tested and a minimum of 15 samples were tested for each MA weight fraction.
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Figure 2: Pull Out Setup

3.  Results and Discussion 
3.1 Pull out Results
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Figure 3: PET - PP and GF - PP Pull out Graph
Typical load versus extension graphs of PET-PP and GF-PP samples with a similar embedded area are presented in 

Figure 3: 
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Figure 3
. Comparing the two pull out graphs it can be seen that the maximum force required to debond the fibre from the matrix for GF is greater than PET’s maximum force. Figure 3 also shows that the shapes of the two graphs are different. With GF the load increases to the maximum force where the fibre debonds from the matrix and then the force decreases gradually overcoming friction. Whereas to explain the PET – PP pull out graph it is necessary to split the graph into three stages. 
a. The force increases due to the fibre being stretched up to a certain load. At this load the graph’s gradient changes creating a ‘kink’ in the pull out plot. The cause of the ‘kink’ is discussed later in the paper.
b. The force is still increasing after the ‘kink’ until a maximum force is achieved. At this force the fibre debonds from the matrix.

c. The force suddenly drops to a lower load immediately after debond. The force then decreases gradually as the fibre is being pulled out of the matrix overcoming frictional forces.
The interfacial shear strength was calculated by using the Tyson – Kelly equation [4,6,7]:
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Where Fmax is the maximum force from the pull out graph, D is the diameter of the fibre and le is the embedded length. The average IFSS (with 95% confidence) versus percentage of MA is graphed in Figure 4 for PET-PP and GF-PP. Figure 4 shows that increasing the MA percentage from 0 to 1.5% increases the GF IFSS considerably by 65% but has no significant effect on the IFSS of PET. The IFSS of PET-PP increases by approximately 70% when increasing from 1.5 to 5% MA but decreases by approximately 10% for GF-PP. Both fibres IFSS does not change between 5 – 10%MA. Comparing the interfacial strength of PET – PP and GF – PP it can be seen that the PET- PP IFSS are much lower than GF – PP IFSS. The IFSS of PET – PP at 5% MA is equivalent to 0.5% MA for GF – PP. The maximum IFSS that was achieved for PET was 5.6MPa and 10.2MPa for GF. It can be established from Figure 4 that MA improves the interfacial strength of both fibres but only up to a certain percentage of MA, 5% for PET and 1.5% for GF. The results show that a large amount of MA is needed for PET to achieve similar GF IFSS with a small amount of MA.  Therefore it can be concluded that the interfacial bond between PET and PP must improve if the PET is to be used as an alternative to GF. One reason for the difference in IFSS could be due to the GF having an optimum sizing which helps with bond with PP whereas PET fibre has not. 
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Figure 4: Interfacial Strength (IFSS) Versus Percentage Maleic Anhydride (MA)

3.2 ‘Kink’ Investigation
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Figure 5: Stress versus Strain PET - PP Pull Out Graph
The PET-PP pull out graph was investigated further due to an unexplained change in slope (‘kink’) in the initial stage of the test. The ‘kink’ force for all of the pull out tests was determined by extending the gradient of the graph before and after the ‘kink’. An example of calculating the ‘kink’ force is illustrated in stress against strain graph in Figure 5. 
The ‘kink’ stress of all pull out test was plotted against the embedded area and can be seen in Figure 6.  It was observed that the ‘kink’ occurred at approximately the same stress even with the percentage of MA increasing and different embedded areas. The stress at which the ‘kink’ occurs was between 0.06GPa and 0.1GPa. 
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Figure 6: Maximum and kink force versus Embedded Area
A ‘kink’ phenomenon has been identified in the force – displacement results of IFSS tests by other researchers [6,7]. Mader et al noticed a ‘kink’ when undertaking pull out with GF-PP and described this as the fibre initially debonding from the matrix [6]. This is one possible explanation for what is happening but the system differs in one key way as the fibre that is being used is a polymer which is more ductile than GF. Another reason that could cause the change in slope in the pull out graph is the fibre. This reason was investigated further by carrying out tensile tests on PET fibre. Tensile tests were carried out on heat treated and non-heat treated PET fibre. The heat treated fibres went through the same manufacturing process for PET-PP pull out samples. Individual fibres were heated in the hot stage at 220oC for four minutes and then removed to cool. The gauge lengths of the fibres were 5mm which was identical to the free fibre length for the pull out specimens. A minimum of ten tensile tests were carried out for the heat treated and non-heat treated fibres. The tensile test graphs of the two fibres were compared to the pull out graphs. To compare the pull out and tensile graphs a mutual start point of 0.01N was set therefore the extension/ strain was reset to 0 and an end point of 6% strain was decided for comparability reasons. These points were decided upon as they represented the range at which the ‘kink’ occurred. Figure 7 compares the average stress against strain of the pull out, heat treated and non-heat treated fibre tensile test. 
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Figure 7: Average Stress Versus Strain graph of Pull out, Heat treated and non-heat treated fibre
Figure 7 shows that the stress strain curve of the heat treated fibre plotted overlays the pull out graph. It therefore seems very likely the fibre that is the causing the slope of the IFSS graph to change. Comparing the heat treated fibre and non-heat treated fibre stress strain curves it can be seen that heat treating the fibre changes the shape of the stress strain graph. This result has been identified  by researchers such as Gupta et al and Cho et al [8–10]. Gupta carried out a series of experiments to investigate the effect of heat setting on the PET fibres’ mechanical and structural properties [8, 9, 11, 12] In their studies they found that heat treating fibres with no mechanical constraint (free to relax) changed the fibre’s structure considerably. Therefore the heat treatment on the ‘free heated’ fibre causes the amorphous and crystalline region of the fibre to be series and lowers the number of taut interlamellar ties. In the initial stage of the tensile test the tie molecules take all of the force. Due to the reduction of tie molecules, the stress on the tie molecules is high. This causes them to break at low load which leads to the fibre yielding. The stress is then applied to the molecules in the amorphous region where strain hardening may occur [8- 10]. From previous research that has been carried out on heat treated PET fibre and together with the results from Figure 7 it can be determined that the cause of the ‘kink’ is due to the fibre being heat treated at 220oC in the manufacturing of samples. The ‘kink’ can be classified as the fibre’s yield point. 

4. Conclusion
Single fibre pull out test were carried out on polyethylene terephthalate fibre and glass fibre embedded in polypropylene matrix containing various percentage of maleic anhydride. The graphs of pull out for both fibres were compared and it was found that a larger force is needed to debond GF from PP than the PET fibre. Further investigation in to the PET-PP pull out graph was required as a ‘kink’ appeared as the load was being applied to the system. It was discovered that the ‘kink’ in the PET-PP pull out graph was caused by the fibre being heat treated in the sample manufacturing process. Heat treating the fibre causes the fibre to yield at a low load therefore the ‘kink’ in the PET-PP is the yield point of the PET fibre. The IFSS results of the two fibres shows that by increasing the MA content the IFSS increased but only up to a certain MA percentage. The maximum IFSS for GF-PP was 10.2MPa at 1.5% MA and for PET-PP 5.5MPa at 5% MA. To conclude if PET fibre is to be considered in the automotive industry the interfacial strength will need to improve if to rival GF as reinforcement to PP. 
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		1.14719

		1.14734

		1.14734

		1.1475

		1.1475

		1.14766

		1.14766

		1.14781

		1.14781

		1.14797

		1.14797

		1.14812

		1.14812

		1.14828

		1.14828

		1.14844

		1.14859

		1.14859

		1.14859

		1.14875

		1.14875

		1.14891

		1.14891

		1.14906

		1.14906

		1.14922

		1.14922

		1.14937

		1.14937

		1.14953

		1.14953

		1.14969

		1.14969

		1.14984

		1.15

		1.15

		1.15016

		1.15016

		1.15031

		1.15031

		1.15047

		1.15047

		1.15062

		1.15078

		1.15078

		1.15094

		1.15094

		1.15109

		1.15125

		1.15125

		1.15141

		1.15141

		1.15156

		1.15156

		1.15172

		1.15172

		1.15187

		1.15187

		1.15203

		1.15203

		1.15219

		1.15219

		1.15234

		1.15234

		1.1525

		1.1525

		1.15266

		1.15266

		1.15281

		1.15281

		1.15297

		1.15297

		1.15312

		1.15312

		1.15328

		1.15328

		1.15344

		1.15344

		1.15359

		1.15375

		1.15375

		1.15391

		1.15391

		1.15406

		1.15406

		1.15422

		1.15422

		1.15437

		1.15437

		1.15453

		1.15453

		1.15469

		1.15469

		1.15484

		1.155

		1.155

		1.15516

		1.15516

		1.15531

		1.15531

		1.15547

		1.15547

		1.15562

		1.15562

		1.15578

		1.15594

		1.15594

		1.15609

		1.15609

		1.15625

		1.15625

		1.15641

		1.15641

		1.15656

		1.15656

		1.15672

		1.15687

		1.15687

		1.15703

		1.15703

		1.15719

		1.15734

		1.15734

		1.1575

		1.1575

		1.15766

		1.15766

		1.15781

		1.15781

		1.15797

		1.15797

		1.15812

		1.15828

		1.15828

		1.15844

		1.15844

		1.15859

		1.15859

		1.15875

		1.15875

		1.15891

		1.15891

		1.15906

		1.15906

		1.15922

		1.15937

		1.15937

		1.15953

		1.15953

		1.15969

		1.15969

		1.15984

		1.16

		1.16

		1.16016

		1.16016

		1.16031

		1.16031

		1.16047

		1.16062

		1.16062

		1.16078

		1.16078

		1.16094

		1.16094

		1.16109

		1.16109

		1.16125

		1.16125

		1.16141

		1.16141

		1.16156

		1.16156

		1.16172

		1.16172

		1.16187

		1.16187

		1.16203

		1.16219

		1.16219

		1.16234

		1.16234

		1.1625

		1.1625

		1.16266

		1.16266

		1.16281

		1.16281

		1.16297

		1.16297

		1.16312

		1.16328

		1.16328

		1.16344

		1.16344

		1.16359

		1.16359

		1.16375

		1.16375

		1.16391

		1.16391

		1.16406

		1.16406

		1.16422

		1.16437

		1.16437

		1.16453

		1.16453

		1.16469

		1.16469

		1.16484

		1.16484

		1.165

		1.165

		1.16516

		1.16531

		1.16531

		1.16547

		1.16547

		1.16562

		1.16562

		1.16578

		1.16578

		1.16594

		1.16594

		1.16609

		1.16609

		1.16625

		1.16625

		1.16641

		1.16641

		1.16656

		1.16656

		1.16672

		1.16687

		1.16687

		1.16703

		1.16703

		1.16719

		1.16719

		1.16734

		1.16734

		1.1675

		1.1675

		1.16766

		1.16766

		1.16781

		1.16781

		1.16797

		1.16812

		1.16812

		1.16828

		1.16828

		1.16844

		1.16844

		1.16859

		1.16859

		1.16875

		1.16875

		1.16891

		1.16891

		1.16906

		1.16906

		1.16922

		1.16922

		1.16937

		1.16937

		1.16953

		1.16969

		1.16969

		1.16984

		1.16984

		1.17

		1.17

		1.17016

		1.17016

		1.17031

		1.17031

		1.17047

		1.17047

		1.17062

		1.17078

		1.17078

		1.17094

		1.17094

		1.17109

		1.17109

		1.17125

		1.17125

		1.17141

		1.17141

		1.17156

		1.17156

		1.17172

		1.17172

		1.17187

		1.17187

		1.17203

		1.17203

		1.17219

		1.17219

		1.17234

		1.17234

		1.1725

		1.1725

		1.17266

		1.17266

		1.17266

		1.17281

		1.17281

		1.17297

		1.17297

		1.17312

		1.17312

		1.17328

		1.17328

		1.17344

		1.17359

		1.17359

		1.17375

		1.17375

		1.17391

		1.17391

		1.17406

		1.17406

		1.17422

		1.17422

		1.17437

		1.17453

		1.17453

		1.17469

		1.17469

		1.17484

		1.17484

		1.175

		1.175

		1.17516

		1.17516

		1.17531

		1.17531

		1.17547

		1.17547

		1.17562

		1.17562

		1.17578

		1.17578

		1.17594

		1.17609

		1.17609

		1.17625

		1.17625

		1.17641

		1.17641

		1.17656

		1.17656

		1.17672

		1.17672

		1.17687

		1.17687

		1.17703

		1.17719

		1.17719

		1.17734

		1.17734

		1.1775

		1.1775

		1.17766

		1.17766

		1.17781

		1.17781

		1.17797

		1.17797

		1.17812

		1.17812

		1.17828

		1.17844

		1.17844

		1.17859

		1.17859

		1.17875

		1.17875

		1.17891

		1.17891

		1.17906

		1.17906

		1.17922

		1.17922

		1.17937

		1.17937

		1.17953

		1.17953

		1.17969

		1.17969

		1.17984

		1.18

		1.18

		1.18016

		1.18016

		1.18031

		1.18031

		1.18047

		1.18047

		1.18062

		1.18062

		1.18078

		1.18078

		1.18094

		1.18109

		1.18109

		1.18125

		1.18125

		1.18141

		1.18141

		1.18156

		1.18156

		1.18172

		1.18172

		1.18187

		1.18187

		1.18203

		1.18203

		1.18219

		1.18234

		1.18234

		1.1825

		1.1825

		1.18266

		1.18266

		1.18281

		1.18281

		1.18297

		1.18297

		1.18312

		1.18312

		1.18328

		1.18328

		1.18344

		1.18344

		1.18359

		1.18359

		1.18375

		1.18391

		1.18391

		1.18406

		1.18406

		1.18422

		1.18422

		1.18437

		1.18437

		1.18453

		1.18453

		1.18469

		1.18469

		1.18484

		1.185

		1.185

		1.18516

		1.18516

		1.18531

		1.18531

		1.18547

		1.18547

		1.18562

		1.18562

		1.18578

		1.18578

		1.18594

		1.18609

		1.18609

		1.18625

		1.18625

		1.18641

		1.18641

		1.18656

		1.18656

		1.18672

		1.18672

		1.18687

		1.18687

		1.18703

		1.18719

		1.18719

		1.18734

		1.18734

		1.1875

		1.1875

		1.18766

		1.18766

		1.18781

		1.18781

		1.18797

		1.18797

		1.18812

		1.18828

		1.18828

		1.18844

		1.18844

		1.18859

		1.18859

		1.18875

		1.18891

		1.18891

		1.18891

		1.18906

		1.18922

		1.18922

		1.18937

		1.18937

		1.18953

		1.18953

		1.18969

		1.18969

		1.18984

		1.18984

		1.19

		1.19

		1.19016

		1.19016

		1.19031

		1.19047

		1.19047

		1.19062

		1.19062

		1.19078

		1.19078

		1.19094

		1.19094

		1.19109

		1.19125

		1.19125

		1.19141

		1.19141

		1.19156

		1.19156

		1.19172

		1.19187

		1.19187

		1.19203

		1.19203

		1.19219

		1.19234

		1.19234

		1.1925

		1.1925

		1.19266

		1.19266

		1.19281

		1.19281

		1.19297

		1.19312

		1.19312

		1.19328

		1.19328

		1.19344

		1.19344

		1.19359

		1.19359

		1.19375

		1.19375

		1.19391

		1.19391

		1.19406

		1.19406

		1.19422

		1.19437

		1.19437

		1.19453

		1.19453

		1.19469

		1.19469

		1.19484

		1.19484

		1.195

		1.195

		1.19516

		1.19516

		1.19531

		1.19547

		1.19547

		1.19562

		1.19562

		1.19578

		1.19578

		1.19594

		1.19594

		1.19609

		1.19609

		1.19625

		1.19625

		1.19641

		1.19641

		1.19656

		1.19656

		1.19672

		1.19687

		1.19687

		1.19703

		1.19703

		1.19719

		1.19719

		1.19734

		1.19734

		1.1975

		1.1975

		1.19766

		1.19766

		1.19781

		1.19797

		1.19797

		1.19812

		1.19812

		1.19828

		1.19828

		1.19844

		1.19844

		1.19859

		1.19859

		1.19875

		1.19875

		1.19891

		1.19891

		1.19906

		1.19906

		1.19922

		1.19922

		1.19937

		1.19937

		1.19953

		1.19953

		1.19969

		1.19969

		1.19984

		1.19984

		1.2

		1.2

		1.20016

		1.20016

		1.20031

		1.20031

		1.20047

		1.20047

		1.20062

		1.20062

		1.20078

		1.20078

		1.20094

		1.20109

		1.20109

		1.20125

		1.20125

		1.20141

		1.20156

		1.20156

		1.20172

		1.20172

		1.20187

		1.20203

		1.20203

		1.20219

		1.20219

		1.20234

		1.20234

		1.2025

		1.2025

		1.20266

		1.20266

		1.20281

		1.20281

		1.20297

		1.20297

		1.20312

		1.20312

		1.20328

		1.20328

		1.20344

		1.20344

		1.20359

		1.20359

		1.20375

		1.20375

		1.20391

		1.20391

		1.20406

		1.20406

		1.20422

		1.20422

		1.20437

		1.20437

		1.20453

		1.20453

		1.20469

		1.20469

		1.20484

		1.20484

		1.20484

		1.205

		1.205

		1.20516

		1.20516

		1.20531

		1.20547

		1.20547

		1.20562

		1.20562

		1.20578

		1.20594

		1.20594

		1.20609

		1.20609

		1.20625

		1.20625

		1.20641

		1.20641

		1.20656

		1.20656

		1.20672

		1.20672

		1.20687

		1.20687

		1.20703

		1.20703

		1.20719

		1.20734

		1.20734

		1.2075

		1.2075

		1.20766

		1.20766

		1.20781

		1.20781

		1.20797

		1.20797

		1.20812

		1.20812

		1.20828

		1.20828

		1.20844

		1.20844

		1.20859

		1.20859

		1.20875

		1.20891

		1.20891

		1.20906

		1.20906

		1.20922

		1.20922

		1.20937

		1.20937

		1.20953

		1.20953

		1.20969

		1.20969

		1.20984

		1.21

		1.21

		1.21016

		1.21016

		1.21031

		1.21031

		1.21047

		1.21047

		1.21062

		1.21062

		1.21078

		1.21078

		1.21094

		1.21109

		1.21109

		1.21125

		1.21125

		1.21141

		1.21141

		1.21156

		1.21156

		1.21172

		1.21172

		1.21187

		1.21187

		1.21203

		1.21203

		1.21219

		1.21234

		1.21234

		1.2125

		1.2125

		1.21266

		1.21266

		1.21281

		1.21281

		1.21297

		1.21297

		1.21312

		1.21312

		1.21328

		1.21328

		1.21344

		1.21359

		1.21359

		1.21375

		1.21375

		1.21391

		1.21391

		1.21406

		1.21406

		1.21422

		1.21422

		1.21437

		1.21437

		1.21453

		1.21469

		1.21469

		1.21484

		1.21484

		1.215

		1.215

		1.21516

		1.21516

		1.21531

		1.21531

		1.21547

		1.21547

		1.21562

		1.21562

		1.21578

		1.21578

		1.21594

		1.21609

		1.21609

		1.21625

		1.21625

		1.21641

		1.21641

		1.21656

		1.21656

		1.21672

		1.21672

		1.21687

		1.21687

		1.21703

		1.21703

		1.21719

		1.21734

		1.21734

		1.2175

		1.2175

		1.21766

		1.21766

		1.21781

		1.21781

		1.21797

		1.21797

		1.21812

		1.21828

		1.21828

		1.21844

		1.21844

		1.21859

		1.21859

		1.21875

		1.21891

		1.21891

		1.21906

		1.21906

		1.21922

		1.21937

		1.21937

		1.21953

		1.21953

		1.21969

		1.21984

		1.21984

		1.22

		1.22

		1.22016

		1.22016

		1.22031

		1.22031

		1.22047

		1.22047

		1.22062

		1.22078

		1.22078

		1.22094

		1.22094

		1.22109

		1.22109

		1.22125

		1.22125

		1.22141

		1.22141

		1.22156

		1.22156

		1.22172

		1.22187

		1.22187

		1.22203

		1.22203

		1.22219

		1.22219

		1.22234

		1.22234

		1.2225

		1.2225

		1.22266

		1.22266

		1.22281

		1.22281

		1.22297

		1.22312

		1.22312

		1.22328

		1.22328

		1.22344

		1.22344

		1.22359

		1.22359

		1.22375

		1.22375

		1.22391

		1.22391

		1.22406

		1.22422

		1.22422

		1.22437

		1.22437

		1.22453

		1.22453

		1.22469

		1.22469

		1.22484

		1.22484

		1.225

		1.225

		1.22516

		1.22516

		1.22531

		1.22547

		1.22547

		1.22562

		1.22562

		1.22578

		1.22578

		1.22594

		1.22594

		1.22609

		1.22609

		1.22625

		1.22625

		1.22641

		1.22641

		1.22656

		1.22656

		1.22672

		1.22687

		1.22687

		1.22703

		1.22703

		1.22719

		1.22719

		1.22734

		1.22734

		1.2275

		1.2275

		1.22766

		1.22766

		1.22781

		1.22781

		1.22797

		1.22797

		1.22812

		1.22812

		1.22828

		1.22844

		1.22844

		1.22859

		1.22859

		1.22875

		1.22875

		1.22875

		1.22891

		1.22891

		1.22906

		1.22906

		1.22922

		1.22922

		1.22937

		1.22937

		1.22953

		1.22953

		1.22969

		1.22969

		1.22984

		1.22984

		1.23

		1.23

		1.23016

		1.23016

		1.23031

		1.23047

		1.23047

		1.23062

		1.23062

		1.23078

		1.23078

		1.23094

		1.23094

		1.23109

		1.23109

		1.23125

		1.23125

		1.23141

		1.23141

		1.23156

		1.23156

		1.23172

		1.23187

		1.23187

		1.23203

		1.23203

		1.23219

		1.23219

		1.23234

		1.23234

		1.2325

		1.2325

		1.23266

		1.23266

		1.23281

		1.23281

		1.23297

		1.23297

		1.23312

		1.23328

		1.23328

		1.23344

		1.23344

		1.23359

		1.23359

		1.23375

		1.23375

		1.23391

		1.23391

		1.23406

		1.23406



PET - PP Load (N)

(a)

(b)

(c)

PET - PP

GF - PP

Extension (mm)

GF-PP Load (N)

-0.00008

0.001

-0.00003

0.00102

0

0.00106

-0.00006

0.00112

-0.00004

0.00113

0.00001

0.0011

-0.00012

0.00107

-0.00002

0.00106

-0.00003

0.00112

0.00003

0.0012

0.00007

0.00116

-0.00009

0.00119

-0.00007

0.00116

-0.00009

0.00115

-0.00008

0.0012

0.00005

0.00123

0

0.00122

0.00003

0.00113

-0.00003

0.00128

0

0.00126

-0.00001

0.00125

-0.00004

0.00125

0

0.00128

-0.00004

0.0013

-0.00002

0.00139

-0.00004

0.00132

-0.00004

0.00127

-0.00005

0.00125

0.00004

0.00129

-0.00003

0.00131

0.00001

0.0014

0.00004

0.00139

-0.00004

0.00143

-0.00003

0.00139

0.00003

0.00136

-0.00002

0.00135

0.00005

0.00143

-0.00004

0.00146

0.00003

0.00141

0.00001

0.00137

0.00004

0.00143

0.00002

0.00142

0.00002

0.00148

-0.00004

0.00151

0.00001

0.00147

-0.00001

0.0015

0.00009

0.00149

0.00002

0.0015

0.00004

0.00152

0.0001

0.00155

0.00004

0.0015

0.00013

0.00155

0.00002

0.00162

-0.00002

0.0016

-0.00001

0.0016

0.00002

0.00157

0

0.00162

0.00009

0.00165

0.0001

0.00163

0.00008

0.00166

-0.00004

0.00163

0.00002

0.00165

0.00005

0.00161

0.00008

0.00173

0.00006

0.0017

-0.00001

0.00172

0.00007

0.00176

0.00002

0.00168

0.00005

0.00173

0.00002

0.00172

0

0.00177

0.00007

0.00186

0.00005

0.00177

0.00003

0.00171

0.00008

0.00173

-0.00001

0.0018

0.00003

0.00189

0.00005

0.00186

0.00007

0.00181

-0.00001

0.00182

0.00001

0.00179

0.00007

0.0018

0.00001

0.00183

0.00009

0.00181

0.00009

0.00186

0.00008

0.00177

0.00004

0.00186

0.00001

0.00184

0.00002

0.00183

0.0001

0.00195

0.00006

0.0019

0.00007

0.0019

0.00006

0.00192

0.00009

0.00194

0.00006

0.00193

0.00005

0.00196

0.0001

0.00189

0.00008

0.00198

0.00004

0.00198

0.00011

0.00199

0.00007

0.00196

0.00013

0.00196

0.0001

0.00195

0.00003

0.00212

0.00014

0.00207

0.00009

0.00204

0.00011

0.00206

0.00014

0.002

0.00013

0.00202

0.00005

0.00205

0.00004

0.00212

0.00013

0.00205

0.00017

0.002

0.00016

0.00204

0.00011

0.00204

0.00008

0.00204

0.00009

0.00211

0.00011

0.00206

0.00011

0.0021

0.00012

0.00208

0.00012

0.00206

0.00004

0.00213

0.00012

0.00214

0.00011

0.00206

0.00017

0.00208

0.00014

0.00208

0.00008

0.00213

0.00013

0.00215

0.00016

0.00215

0.00012

0.00215

0.00016

0.00217

0.00014

0.0022

0.00016

0.00215

0.00007

0.00221

0.00011

0.00214

0.00016

0.00221

0.00018

0.00221

0.00018

0.00228

0.00011

0.00225

0.00014
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GF & PP Pull out comparisons
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		1.20969

		1.20969

		1.20984

		1.21

		1.21

		1.21016

		1.21016

		1.21031

		1.21031

		1.21047

		1.21047

		1.21062

		1.21062

		1.21078

		1.21078

		1.21094

		1.21109

		1.21109

		1.21125

		1.21125

		1.21141

		1.21141

		1.21156

		1.21156

		1.21172

		1.21172

		1.21187

		1.21187

		1.21203

		1.21203

		1.21219

		1.21234

		1.21234

		1.2125

		1.2125

		1.21266

		1.21266

		1.21281

		1.21281

		1.21297

		1.21297

		1.21312

		1.21312

		1.21328

		1.21328

		1.21344

		1.21359

		1.21359

		1.21375

		1.21375

		1.21391

		1.21391

		1.21406

		1.21406

		1.21422

		1.21422

		1.21437

		1.21437

		1.21453

		1.21469

		1.21469

		1.21484

		1.21484

		1.215

		1.215

		1.21516

		1.21516

		1.21531

		1.21531

		1.21547

		1.21547

		1.21562

		1.21562

		1.21578

		1.21578

		1.21594

		1.21609

		1.21609

		1.21625

		1.21625

		1.21641

		1.21641

		1.21656

		1.21656

		1.21672

		1.21672

		1.21687

		1.21687

		1.21703

		1.21703

		1.21719

		1.21734

		1.21734

		1.2175

		1.2175

		1.21766

		1.21766

		1.21781

		1.21781

		1.21797

		1.21797

		1.21812

		1.21828

		1.21828

		1.21844

		1.21844

		1.21859

		1.21859

		1.21875

		1.21891

		1.21891

		1.21906

		1.21906

		1.21922

		1.21937

		1.21937

		1.21953

		1.21953

		1.21969

		1.21984

		1.21984

		1.22

		1.22

		1.22016

		1.22016

		1.22031

		1.22031

		1.22047

		1.22047

		1.22062

		1.22078

		1.22078

		1.22094

		1.22094

		1.22109

		1.22109

		1.22125

		1.22125

		1.22141

		1.22141

		1.22156

		1.22156

		1.22172

		1.22187

		1.22187

		1.22203

		1.22203

		1.22219

		1.22219

		1.22234

		1.22234

		1.2225

		1.2225

		1.22266

		1.22266

		1.22281

		1.22281

		1.22297

		1.22312

		1.22312

		1.22328

		1.22328

		1.22344

		1.22344

		1.22359

		1.22359

		1.22375

		1.22375

		1.22391

		1.22391

		1.22406

		1.22422

		1.22422

		1.22437

		1.22437

		1.22453

		1.22453

		1.22469

		1.22469

		1.22484

		1.22484

		1.225

		1.225

		1.22516

		1.22516

		1.22531

		1.22547

		1.22547

		1.22562

		1.22562

		1.22578

		1.22578

		1.22594

		1.22594

		1.22609

		1.22609

		1.22625

		1.22625

		1.22641

		1.22641

		1.22656

		1.22656

		1.22672

		1.22687

		1.22687

		1.22703

		1.22703

		1.22719

		1.22719

		1.22734

		1.22734

		1.2275

		1.2275

		1.22766

		1.22766

		1.22781

		1.22781

		1.22797

		1.22797

		1.22812

		1.22812

		1.22828

		1.22844

		1.22844

		1.22859

		1.22859

		1.22875

		1.22875

		1.22875

		1.22891

		1.22891

		1.22906

		1.22906

		1.22922

		1.22922

		1.22937

		1.22937

		1.22953

		1.22953

		1.22969

		1.22969

		1.22984

		1.22984

		1.23

		1.23

		1.23016

		1.23016

		1.23031

		1.23047

		1.23047

		1.23062

		1.23062

		1.23078

		1.23078

		1.23094

		1.23094

		1.23109

		1.23109

		1.23125

		1.23125

		1.23141

		1.23141

		1.23156

		1.23156

		1.23172

		1.23187

		1.23187

		1.23203

		1.23203

		1.23219

		1.23219

		1.23234

		1.23234

		1.2325

		1.2325

		1.23266

		1.23266

		1.23281

		1.23281

		1.23297

		1.23297

		1.23312

		1.23328

		1.23328

		1.23344

		1.23344

		1.23359

		1.23359

		1.23375

		1.23375

		1.23391

		1.23391

		1.23406

		1.23406



GF - PP Load (N)

PET - PP

GF - PP

Extension (mm)

PET - PP  Load (N)

-0.00008

0.001

-0.00003

0.00102

0

0.00106

-0.00006

0.00112

-0.00004

0.00113

0.00001

0.0011

-0.00012

0.00107

-0.00002

0.00106

-0.00003

0.00112

0.00003

0.0012

0.00007

0.00116

-0.00009

0.00119

-0.00007

0.00116

-0.00009

0.00115

-0.00008

0.0012

0.00005

0.00123

0

0.00122

0.00003

0.00113

-0.00003

0.00128

0

0.00126

-0.00001

0.00125

-0.00004

0.00125

0

0.00128

-0.00004

0.0013

-0.00002

0.00139

-0.00004

0.00132

-0.00004

0.00127

-0.00005

0.00125

0.00004

0.00129

-0.00003

0.00131

0.00001

0.0014

0.00004

0.00139

-0.00004

0.00143

-0.00003

0.00139

0.00003

0.00136

-0.00002

0.00135

0.00005

0.00143

-0.00004

0.00146

0.00003

0.00141

0.00001

0.00137

0.00004

0.00143

0.00002

0.00142

0.00002

0.00148

-0.00004

0.00151

0.00001

0.00147

-0.00001

0.0015

0.00009

0.00149

0.00002

0.0015

0.00004

0.00152

0.0001

0.00155

0.00004

0.0015

0.00013

0.00155

0.00002

0.00162

-0.00002

0.0016

-0.00001

0.0016

0.00002

0.00157

0

0.00162

0.00009

0.00165

0.0001

0.00163

0.00008

0.00166

-0.00004

0.00163

0.00002

0.00165

0.00005

0.00161

0.00008

0.00173

0.00006

0.0017

-0.00001

0.00172

0.00007

0.00176

0.00002

0.00168

0.00005

0.00173

0.00002

0.00172

0

0.00177

0.00007

0.00186

0.00005

0.00177

0.00003

0.00171

0.00008

0.00173

-0.00001

0.0018

0.00003

0.00189

0.00005

0.00186

0.00007

0.00181

-0.00001

0.00182

0.00001

0.00179

0.00007

0.0018

0.00001

0.00183

0.00009

0.00181

0.00009

0.00186

0.00008

0.00177

0.00004

0.00186

0.00001

0.00184

0.00002

0.00183

0.0001

0.00195

0.00006

0.0019

0.00007

0.0019

0.00006

0.00192

0.00009

0.00194

0.00006

0.00193

0.00005

0.00196

0.0001

0.00189

0.00008

0.00198

0.00004

0.00198

0.00011

0.00199

0.00007

0.00196

0.00013

0.00196

0.0001

0.00195

0.00003

0.00212

0.00014

0.00207

0.00009

0.00204

0.00011

0.00206

0.00014

0.002

0.00013

0.00202

0.00005

0.00205

0.00004

0.00212

0.00013

0.00205

0.00017

0.002

0.00016

0.00204

0.00011

0.00204

0.00008

0.00204

0.00009

0.00211

0.00011

0.00206

0.00011

0.0021

0.00012

0.00208

0.00012

0.00206

0.00004

0.00213

0.00012

0.00214

0.00011

0.00206

0.00017

0.00208

0.00014

0.00208

0.00008

0.00213

0.00013

0.00215

0.00016

0.00215

0.00012

0.00215

0.00016

0.00217

0.00014

0.0022

0.00016

0.00215

0.00007

0.00221

0.00011

0.00214

0.00016

0.00221

0.00018

0.00221

0.00018

0.00228

0.00011

0.00225

0.00014

0.00215

0.00018

0.00217

0.00015

0.0022

0.00016

0.00224

0.00019

0.00232

0.0001

0.00222

0.00013

0.00219

0.00017

0.00221

0.00022

0.00226

0.00021

0.00228

0.00017

0.00232

0.00017

0.00228

0.00014

0.00226

0.00015

0.00228

0.00025

0.00226

0.00018

0.00235

0.00022

0.00233

0.00012

0.00231

0.00014

0.00234

0.00021

0.00232

0.00023

0.00231

0.00021

0.00239

0.00017

0.00232

0.00009

0.00233

0.00021

0.00239

0.00025

0.00238

0.0002

0.00236

0.0001

0.0024

0.00021

0.00239

0.00016

0.00237

0.00015

0.00242

0.00018

0.00247

0.00014

0.00241

0.00016

0.00244

0.00016

0.00238

0.0002

0.00241

0.00022

0.00248

0.00022

0.00247

0.00015

0.00247

0.00016

0.00243

0.00017

0.00238

0.00025

0.00247

0.00028

0.00256

0.00021

0.00258

0.00018

0.00253

0.00022

0.00247

0.00018

0.00244

0.00015

0.00253

0.00027

0.00254

0.00027

0.00259

0.00023

0.00259

0.0002

0.00257

0.00019

0.0025

0.0004

0.00249

0.00014

0.00257

0.00019

0.00266

0.00023

0.00265

0.00023

0.0026

0.00029

0.00256

0.00027

0.00262

0.00026

0.00261

0.00014

0.00266

0.00018

0.00265

0.00021

0.00266

0.00021

0.00267

0.00025

0.00262

0.00025

0.00269

0.0002

0.0027

0.00021

0.00267

0.00018

0.00273

0.00024

0.00275

0.00025

0.0027

0.00025

0.00273

0.00026

0.00272

0.00022

0.00276

0.00026

0.00277

0.00027

0.00282

0.00028

0.00282

0.00022

0.00281

0.00027

0.00276

0.00026

0.00281

0.00026

0.00279

0.00026

0.00287

0.00025

0.00287

0.00029

0.00285

0.00022

0.00283

0.00034

0.0028

0.00024

0.00293

0.00029

0.00294

0.00018

0.00289

0.00029

0.00291

0.00025

0.00292

0.00032

0.0029

0.00032

0.00299

0.00025

0.00299

0.00029

0.00305

0.00025

0.00299

0.00024

0.003

0.0003

0.00304

0.00032

0.00301

0.00024

0.00302

0.00019

0.00305

0.00027

0.00301

0.00023

0.00312

0.00027

0.00306

0.00034

0.00313

0.00032

0.0031

0.00023

0.00311

0.00024

0.00313

0.00028

0.00316

0.00031

0.00318

0.0003

0.00322

0.00027

0.00314

0.00033

0.00316

0.0003

0.00325

0.00031

0.00323

0.00041

0.00323

0.00026

0.00328

0.00034

0.00318

0.00024

0.00326

0.00035

0.00319

0.00033

0.00329

0.00033

0.00337

0.00035

0.00328

0.0003

0.00324

0.00033

0.00333

0.00034

0.00327

0.00035

0.00334

0.00039

0.00341

0.00036

0.00341

0.00034

0.0033

0.0003

0.00345

0.00033

0.0034

0.00038

0.00345

0.00037

0.00347

0.00034

0.00338

0.00028

0.00341

0.0003

0.00343

0.0003

0.00344

0.00037

0.0035

0.00037

0.00343

0.0004

0.00345

0.00033

0.00348

0.00032

0.00351

0.00036

0.00355

0.0004

0.00352

0.00035

0.00347

0.00042

0.00356

0.00034

0.00357

0.00042

0.00365

0.00042

0.00364

0.00042

0.00356

0.00037

0.00357

0.00034

0.00361

0.00035

0.0037

0.0004

0.00362

0.00036

0.0037

0.0004

0.00365

0.00033

0.00366

0.00037

0.00371

0.00043

0.0037

0.00039

0.00374

0.00042

0.00378

0.00037

0.00373

0.00038

0.00375

0.0004

0.00379

0.00039

0.00389

0.00036

0.00386

0.00037

0.00385

0.00039

0.00384

0.00042

0.00385

0.00039

0.0039

0.00038

0.00393

0.00037

0.00398

0.00045

0.00395

0.00043

0.00391

0.0004

0.00397

0.00039

0.00403

0.00041

0.00404

0.00044

0.00405

0.00039

0.00404

0.00044

0.00406

0.00044

0.00414

0.00043

0.0042

0.00043

0.00408

0.00046

0.00413

0.0004

0.00413

0.0004

0.00422

0.00041

0.00421

0.00046

0.00423

0.00043

0.00419

0.00046

0.00417

0.00042

0.00416

0.00042

0.00424

0.00041

0.00428

0.00042

0.00433

0.00046

0.00432

0.00047

0.00427

0.00052

0.00427

0.00042

0.00429

0.00038

0.00439

0.00046

0.00447

0.00045

0.00445

0.00045

0.00441

0.00049

0.00441

0.00043

0.00449

0.00042

0.00455

0.00046

0.00457

0.00048

0.0045

0.00052

0.00457

0.00051

0.00454

0.00044

0.00458

0.00047

0.0047

0.00051

0.00465

0.00051

0.00472

0.00052

0.0047

0.00049

0.0048

0.00054

0.00478

0.00054

0.00475

0.00054

0.00481

0.00053

0.00478

0.00054

0.00483

0.00049

0.00482

0.0005

0.00492

0.00059

0.00492

0.00058

0.00491

0.00058

0.0049

0.00057

0.00497

0.00047

0.00499

0.00049

0.00497

0.00053

0.00501

0.00056

0.00496

0.00055

0.00512

0.00054

0.00507

0.00049

0.00511

0.00059

0.00512

0.00054

0.00518

0.00055

0.00517

0.00056

0.00516

0.00053

0.00527

0.00059

0.00526

0.00052

0.00526

0.00058

0.00517

0.00054

0.00528

0.00053

0.00535

0.00057

0.00531

0.00055

0.00539

0.00064

0.0054

0.00059

0.00538

0.00057

0.00544

0.00052

0.00542

0.00058

0.00551

0.00059

0.00551

0.00065

0.00551

0.00062

0.00548

0.0006

0.00559

0.00061

0.00555

0.00061

0.00565

0.00056

0.00561

0.0006

0.00566

0.00065

0.00564

0.00063

0.00571

0.00061

0.00576

0.0006

0.00574

0.00062

0.00574

0.00067

0.00576

0.00065

0.00583

0.00063

0.00589

0.00065

0.00587

0.00067

0.00594

0.00068

0.00587

0.00072

0.00597

0.00066

0.00599

0.00066

0.00605

0.00066

0.00611

0.00067

0.00609

0.00068

0.00606

0.00062

0.0061

0.00069

0.00621

0.00068

0.00626

0.0007

0.00622

0.00071

0.0062

0.0007

0.00624

0.00071

0.0063

0.00073

0.00635

0.00071

0.0063

0.00071

0.00642

0.00065

0.00637

0.00068

0.00646

0.00068

0.00652

0.0007

0.00656

0.00073

0.00658

0.00071

0.00663

0.00072

0.00665

0.00075

0.00667

0.00073

0.00674

0.00067

0.00672

0.00073

0.00673

0.00078

0.00677

0.00075

0.00679

0.00076

0.00686

0.00073

0.00686

0.00074

0.00692

0.0008

0.00696

0.00077

0.00695

0.00079

0.00698

0.00072

0.00701

0.00079

0.0071

0.00079

0.00707

0.00077

0.0071

0.0009

0.00714

0.00081

0.00723

0.00079

0.00724

0.00078

0.00729

0.00079

0.00729

0.00083

0.00731

0.00081

0.00741

0.00083

0.0074

0.00079

0.00744

0.00082

0.00741

0.00083

0.00745

0.00084

0.00757

0.00089

0.00758

0.00089

0.00763

0.00085

0.00766

0.00093

0.00764

0.00085

0.0077

0.00091

0.00771

0.00089

0.00778

0.00093

0.00779

0.00088

0.00788

0.00097

0.00783

0.00092

0.00798

0.00097

0.00794

0.00093

0.00798

0.0009

0.00804

0.00091

0.00796

0.00097

0.00802

0.00096

0.00803

0.00099

0.00811

0.00095

0.00815

0.00094

0.00814

0.00101

0.00815

0.00095

0.00817

0.00101

0.0082

0.00098

0.00827

0.00098

0.00832

0.00098

0.00833

0.001

0.00837

0.00105

0.00844

0.00106

0.00849

0.00104

0.00854

0.001

0.00862

0.00103

0.00866

0.00107

0.00866

0.00106

0.0086

0.00106

0.00871

0.00108

0.00869

0.00108

0.00876

0.00104

0.00873

0.00105

0.00882

0.00112

0.00881

0.00109

0.0089

0.00109

0.00899

0.00111

0.00891

0.00112

0.0089

0.0011

0.009

0.00116

0.00921

0.00122

0.00908

0.00111

0.00917

0.00115

0.0092

0.0012

0.0092

0.00125

0.0092

0.0012

0.00929

0.00125

0.00932

0.00118

0.00938

0.00124

0.00938

0.00125

0.00943

0.00129

0.00945

0.00127

0.00958
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0.00691

0.0069

0.0069

0.00684

0.00682

0.0068

0.00682

0.00689

0.00689

0.00684

0.00683

0.00681

0.00682

0.00684

0.00682

0.00679

0.0068

0.00683

0.00675

0.0068

0.00678

0.00676

0.00677

0.00672

0.00667

0.00664

0.00671

0.0067

0.0067

0.0067

0.00669

0.00666

0.00664

0.00658

0.00665

0.00665

0.00669

0.00664

0.0066

0.00655

0.00659

0.00663

0.00662

0.00658

0.00654

0.00657

0.00659

0.00665

0.00662

0.00649

0.00656

0.00656

0.00658

0.00659

0.00656

0.0065

0.00656

0.00643

0.00658

0.00649

0.00655

0.00651

0.00652

0.00645

0.00654

0.00645

0.00642

0.00641

0.0064

0.00645

0.00642

0.00641

0.00638

0.00638

0.00639

0.00639

0.00636

0.00634

0.00635

0.00637

0.00633

0.00629

0.00637

0.00628

0.00627

0.00625

0.0063

0.0062

0.0062

0.00613

0.00613

0.00613

0.00607

0.00605

0.00608

0.00607

0.00597

0.00602

0.00608

0.006

0.00596

0.00601

0.00601

0.006

0.0059

0.00589

0.0059

0.00592

0.00591

0.0059

0.00592

0.00591

0.00584

0.00582

0.00582

0.00585

0.00578

0.00582

0.00572

0.00578

0.00577

0.00567

0.0057

0.00575

0.00569

0.00564

0.00563

0.00548

0.00555

0.00556

0.00552

0.00551

0.00554

0.00549

0.00547

0.00544

0.00546

0.00546

0.00544

0.00542

0.00536

0.00539

0.00535

0.00535

0.00536

0.00531

0.00536

0.00536

0.00527

0.00533

0.00535

0.00531

0.00525

0.0053

0.00527

0.00526

0.00517

0.00527

0.00528

0.00525

0.00524

0.00519

0.00517

0.00519

0.00524

0.00524

0.00524

0.0052

0.0052

0.00523

0.0052

0.00526

0.00523

0.00522

0.00519

0.0052

0.0051

0.00524

0.00519

0.00517

0.0052

0.00518

0.00518

0.00508

0.00506

0.00519

0.00515

0.00515

0.00511

0.00515

0.00514

0.00516

0.00511

0.00517

0.00516

0.00506

0.0051

0.00514

0.0051

0.00512

0.00516

0.0051

0.00503

0.00511

0.00504

0.00511

0.00506

0.00506

0.00506

0.00502

0.00508

0.00503

0.00506

0.00507

0.00506

0.00502

0.00507

0.00502

0.005

0.00507

0.00508

0.00504

0.00493

0.00499

0.00498

0.0049

0.00496

0.00496

0.00497

0.0049

0.00488

0.00493

0.00488

0.00489

0.00492

0.00485

0.00494

0.00494

0.00489

0.00483

0.00482

0.00481

0.00484

0.00474

0.00473

0.00472

0.00471

0.00469

0.00464

0.00466

0.0046

0.00455

0.00461

0.0045

0.00455

0.00455

0.00451

0.00443

0.0044

0.00436

0.00436

0.00435

0.00437

0.00434

0.00432

0.00431

0.00423

0.00422

0.00423

0.00422

0.00413

0.0041

0.00407

0.00399

0.00395

0.00393

0.0039

0.00386

0.00378

0.00372

0.00373

0.00361

0.00361

0.00348

0.00339

0.00338

0.0033

0.00321

0.00307

0.00295

0.0029

0.00273

0.00261

0.00246

0.00234

0.00212

0.00199

0.0018

0.00144

0.00046

-0.00052

-0.00045

-0.00041

-0.00037

-0.00041

-0.00045

-0.00048

-0.00045

-0.00042

-0.00048

-0.00039

-0.00044

-0.00048

-0.00045

-0.00045

-0.00044

-0.00048

-0.00045

-0.00042

-0.00044

-0.00046

-0.00046

-0.00042
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-0.00044
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-0.00042

-0.00046
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-0.00041
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-0.00044
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-0.00042
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-0.00047

-0.00041

-0.00043
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-0.00039
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-0.0004

-0.0004

-0.00039
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-0.00039

-0.0004
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-0.00041
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Stress Strain

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0.0062

		0.0062

		0.0062

		0.0094

		0.0124

		0.0124

		0.0156

		0.0156

		0.0188

		0.0218

		0.0218

		0.025

		0.0282

		0.0282

		0.0312

		0.0312

		0.0344

		0.0344

		0.0374

		0.0374

		0.0406

		0.0438

		0.0468

		0.05

		0.05

		0.0532

		0.0562

		0.0594

		0.0624

		0.0624

		0.0656

		0.0656

		0.0688

		0.0688

		0.0718

		0.075

		0.075

		0.0782

		0.0782

		0.0812

		0.0812

		0.0844

		0.0844

		0.0874

		0.0874

		0.0906

		0.0938

		0.0938

		0.0968

		0.0968

		0.1

		0.1

		0.1032

		0.1032

		0.1062

		0.1062

		0.1094

		0.1094

		0.1124

		0.1156

		0.1156

		0.1188

		0.1188

		0.1218

		0.1218

		0.125

		0.125

		0.1282

		0.1282

		0.1282

		0.1312

		0.1312

		0.1344

		0.1344

		0.1374

		0.1406

		0.1438

		0.1438

		0.1468

		0.15

		0.15

		0.1532

		0.1562

		0.1562

		0.1594

		0.1594

		0.1624

		0.1624

		0.1656

		0.1656

		0.1688

		0.1688

		0.1718

		0.1718

		0.175

		0.175

		0.1782

		0.1782

		0.1812

		0.1812

		0.1844

		0.1844

		0.1874

		0.1874

		0.1906

		0.1906

		0.1938

		0.1938

		0.1968

		0.1968

		0.1968

		0.2

		0.2032

		0.2032

		0.2062

		0.2062

		0.2094

		0.2094

		0.2124

		0.2156

		0.2156

		0.2188

		0.2188

		0.2218

		0.2218

		0.225

		0.225

		0.2282

		0.2282

		0.2312

		0.2312

		0.2344

		0.2344

		0.2374

		0.2406

		0.2406

		0.2438

		0.2438

		0.2468

		0.2468

		0.25

		0.25

		0.2532

		0.2532

		0.2562

		0.2562

		0.2594

		0.2594

		0.2624

		0.2624

		0.2656

		0.2688

		0.2688

		0.2718

		0.2718

		0.275

		0.275

		0.2782

		0.2782

		0.2812

		0.2812

		0.2844

		0.2844

		0.2874

		0.2874

		0.2906

		0.2906

		0.2938

		0.2938

		0.2968

		0.3

		0.3

		0.3032

		0.3032

		0.3062

		0.3062

		0.3094

		0.3094

		0.3124

		0.3124

		0.3156

		0.3156

		0.3188

		0.3218

		0.3218

		0.325

		0.325

		0.3282

		0.3282

		0.3312

		0.3312

		0.3344

		0.3344

		0.3374

		0.3374

		0.3406

		0.3406

		0.3438

		0.3468

		0.3468

		0.35

		0.35

		0.3532

		0.3532

		0.3562

		0.3562

		0.3594

		0.3594

		0.3624

		0.3656

		0.3656

		0.3688

		0.3688

		0.3718

		0.3718

		0.375

		0.375

		0.3782

		0.3782

		0.3812

		0.3812

		0.3844

		0.3844

		0.3874

		0.3906

		0.3906

		0.3938

		0.3938

		0.3968

		0.3968

		0.4

		0.4

		0.4032

		0.4032

		0.4062

		0.4062

		0.4094

		0.4094

		0.4124

		0.4124

		0.4156

		0.4188

		0.4188

		0.4218

		0.4218

		0.425

		0.425

		0.4282

		0.4282

		0.4312

		0.4312

		0.4344

		0.4374

		0.4374

		0.4406

		0.4406

		0.4438

		0.4438

		0.4468

		0.45

		0.45

		0.4532

		0.4532

		0.4562

		0.4562

		0.4594

		0.4594

		0.4624

		0.4624

		0.4656

		0.4656

		0.4688

		0.4718

		0.4718

		0.475

		0.475

		0.4782

		0.4782

		0.4812

		0.4844

		0.4844

		0.4874

		0.4874

		0.4906

		0.4938

		0.4938

		0.4968

		0.4968

		0.5

		0.5

		0.5032

		0.5032

		0.5062

		0.5062

		0.5094

		0.5124

		0.5124

		0.5156

		0.5156

		0.5188

		0.5188

		0.5218

		0.5218

		0.525

		0.525

		0.5282

		0.5282

		0.5312

		0.5344

		0.5344

		0.5374

		0.5374

		0.5406

		0.5406

		0.5438

		0.5438

		0.5468

		0.5468

		0.55

		0.55

		0.5532

		0.5532

		0.5562

		0.5594

		0.5594

		0.5624

		0.5624

		0.5656

		0.5656

		0.5688

		0.5688

		0.5718

		0.5718

		0.575

		0.575

		0.5782

		0.5782

		0.5812

		0.5844

		0.5844

		0.5874

		0.5874

		0.5906

		0.5906

		0.5938

		0.5938

		0.5968

		0.5968

		0.6

		0.6

		0.6032

		0.6032

		0.6062

		0.6094

		0.6094

		0.6124

		0.6124

		0.6156

		0.6156

		0.6188

		0.6188

		0.6218

		0.6218

		0.625

		0.625

		0.6282

		0.6282

		0.6312

		0.6344

		0.6344

		0.6374

		0.6374

		0.6406

		0.6406

		0.6438

		0.6438

		0.6468

		0.6468

		0.65

		0.65

		0.6532

		0.6532

		0.6562

		0.6562

		0.6594

		0.6624

		0.6624

		0.6656

		0.6656

		0.6688

		0.6688

		0.6718

		0.6718

		0.675

		0.675

		0.6782

		0.6782

		0.6812

		0.6812

		0.6844

		0.6844

		0.6874

		0.6906

		0.6906

		0.6938

		0.6938

		0.6968

		0.6968

		0.7

		0.7

		0.7032

		0.7032

		0.7032

		0.7062

		0.7062

		0.7094

		0.7094

		0.7124

		0.7124

		0.7156

		0.7156

		0.7188

		0.7188

		0.7218

		0.7218

		0.725

		0.725

		0.7282

		0.7282

		0.7312

		0.7312

		0.7344

		0.7344

		0.7374

		0.7374

		0.7406

		0.7406

		0.7438

		0.7468

		0.7468

		0.75

		0.75

		0.7532

		0.7532

		0.7562

		0.7562

		0.7594

		0.7594

		0.7624

		0.7624

		0.7656

		0.7688

		0.7688

		0.7718

		0.7718

		0.775

		0.775

		0.7782

		0.7782

		0.7812

		0.7812

		0.7844

		0.7844

		0.7874

		0.7906

		0.7906

		0.7938

		0.7938

		0.7968

		0.7968

		0.8

		0.8

		0.8032

		0.8032

		0.8062

		0.8062

		0.8094

		0.8094

		0.8124

		0.8124

		0.8156

		0.8156

		0.8188

		0.8218

		0.8218

		0.825

		0.825

		0.8282

		0.8282

		0.8312

		0.8312

		0.8344

		0.8344

		0.8374

		0.8374

		0.8406

		0.8406

		0.8438

		0.8438

		0.8468

		0.85

		0.85

		0.8532

		0.8532

		0.8562

		0.8562

		0.8594

		0.8594

		0.8624

		0.8624

		0.8656

		0.8656

		0.8688

		0.8688

		0.8718

		0.8718

		0.875

		0.8782

		0.8782

		0.8812

		0.8812

		0.8844

		0.8844

		0.8874

		0.8874

		0.8906

		0.8906

		0.8938

		0.8938

		0.8968

		0.8968

		0.9

		0.9032

		0.9032

		0.9062

		0.9062

		0.9094

		0.9094

		0.9124

		0.9124

		0.9156

		0.9156

		0.9188

		0.9188

		0.9218

		0.9218

		0.925

		0.9282

		0.9282

		0.9312

		0.9312

		0.9344

		0.9344

		0.9374

		0.9374

		0.9406

		0.9406

		0.9438

		0.9438

		0.9468

		0.9468

		0.95

		0.9532

		0.9532

		0.9562

		0.9562

		0.9594

		0.9594

		0.9624

		0.9624

		0.9656

		0.9656

		0.9688

		0.9718

		0.9718

		0.975

		0.975

		0.9782

		0.9782

		0.9812

		0.9812

		0.9844

		0.9844

		0.9874

		0.9906

		0.9906

		0.9938

		0.9938

		0.9968

		0.9968

		1

		1

		1.0032

		1.0032

		1.0062

		1.0062

		1.0094

		1.0094

		1.0124

		1.0124

		1.0156

		1.0156

		1.0188

		1.0218

		1.0218

		1.025

		1.025

		1.0282

		1.0282

		1.0312

		1.0312

		1.0344

		1.0344

		1.0374

		1.0406

		1.0406

		1.0438

		1.0438

		1.0468

		1.0468

		1.05

		1.05

		1.0532

		1.0532

		1.0562

		1.0562

		1.0594

		1.0594

		1.0624

		1.0624

		1.0656

		1.0656

		1.0688

		1.0718

		1.0718

		1.075

		1.075

		1.0782

		1.0782

		1.0812

		1.0812

		1.0844

		1.0844

		1.0874

		1.0906

		1.0906

		1.0938

		1.0938

		1.0968

		1.0968

		1.1

		1.1

		1.1032

		1.1032

		1.1062

		1.1094

		1.1094

		1.1124

		1.1124

		1.1156

		1.1156

		1.1188

		1.1218

		1.1218

		1.125

		1.1282

		1.1282

		1.1312

		1.1312

		1.1344

		1.1344

		1.1374

		1.1406

		1.1406

		1.1438

		1.1438

		1.1468

		1.1468

		1.15

		1.15

		1.1532

		1.1532

		1.1562

		1.1594

		1.1594

		1.1624

		1.1624

		1.1656

		1.1656

		1.1688

		1.1688

		1.1718

		1.1718

		1.175

		1.175

		1.1782

		1.1782

		1.1812

		1.1844

		1.1844

		1.1874

		1.1874

		1.1906

		1.1906

		1.1938

		1.1938

		1.1968

		1.1968

		1.2

		1.2

		1.2032

		1.2032

		1.2062

		1.2062

		1.2094

		1.2124

		1.2124

		1.2156

		1.2156

		1.2188

		1.2188

		1.2218

		1.2218

		1.225

		1.225

		1.2282

		1.2282

		1.2312

		1.2344

		1.2344

		1.2374

		1.2374

		1.2406

		1.2406

		1.2438

		1.2438

		1.2468

		1.2468

		1.25

		1.25

		1.2532

		1.2532

		1.2562

		1.2562

		1.2594

		1.2624

		1.2624

		1.2656

		1.2656

		1.2688

		1.2688

		1.2718

		1.2718

		1.275

		1.275

		1.2782

		1.2782

		1.2812

		1.2812

		1.2844

		1.2844

		1.2874

		1.2874

		1.2906

		1.2906

		1.2938

		1.2968

		1.2968

		1.3

		1.3

		1.3032

		1.3062

		1.3062

		1.3062

		1.3094

		1.3094

		1.3124

		1.3124

		1.3156

		1.3188

		1.3188

		1.3218

		1.3218

		1.325

		1.325

		1.3282

		1.3282

		1.3312

		1.3312

		1.3344

		1.3374
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		23.9032

		23.9032

		23.9062

		23.9094

		23.9094

		23.9124

		23.9124

		23.9156

		23.9156

		23.9188

		23.9188

		23.9218

		23.9218

		23.925

		23.925

		23.9282

		23.9282

		23.9312

		23.9312

		23.9344

		23.9374

		23.9374

		23.9406

		23.9406

		23.9438

		23.9438

		23.9468

		23.9468

		23.95

		23.95

		23.9532

		23.9532

		23.9562

		23.9594

		23.9594

		23.9624

		23.9624

		23.9656

		23.9656

		23.9688

		23.9688

		23.9718

		23.9718

		23.975

		23.975

		23.9782

		23.9782

		23.9812

		23.9812

		23.9844

		23.9844

		23.9874

		23.9874

		23.9906

		23.9906

		23.9938

		23.9938

		23.9968

		23.9968

		24

		24

		24.0032

		24.0032

		24.0062

		24.0062

		24.0094

		24.0094

		24.0124

		24.0124

		24.0156

		24.0156

		24.0188

		24.0218

		24.0218

		24.025

		24.025

		24.0282

		24.0312

		24.0312

		24.0344

		24.0344

		24.0374

		24.0406

		24.0406

		24.0438

		24.0438

		24.0468

		24.0468

		24.05

		24.05

		24.0532

		24.0532

		24.0562

		24.0562

		24.0594

		24.0594

		24.0624

		24.0624

		24.0656

		24.0656

		24.0688

		24.0688

		24.0718

		24.0718

		24.075

		24.075

		24.0782

		24.0782

		24.0812

		24.0812

		24.0844

		24.0844

		24.0874

		24.0874

		24.0906

		24.0906

		24.0938

		24.0938

		24.0968

		24.0968

		24.0968

		24.1

		24.1

		24.1032

		24.1032

		24.1062

		24.1094

		24.1094

		24.1124

		24.1124

		24.1156

		24.1188

		24.1188

		24.1218

		24.1218

		24.125

		24.125

		24.1282

		24.1282

		24.1312

		24.1312

		24.1344

		24.1344

		24.1374

		24.1374

		24.1406

		24.1406

		24.1438

		24.1468

		24.1468

		24.15

		24.15

		24.1532

		24.1532

		24.1562

		24.1562

		24.1594

		24.1594

		24.1624

		24.1624

		24.1656

		24.1656

		24.1688

		24.1688

		24.1718

		24.1718

		24.175

		24.1782

		24.1782

		24.1812

		24.1812

		24.1844

		24.1844

		24.1874

		24.1874

		24.1906

		24.1906

		24.1938

		24.1938

		24.1968

		24.2

		24.2

		24.2032

		24.2032

		24.2062

		24.2062

		24.2094

		24.2094

		24.2124

		24.2124

		24.2156

		24.2156

		24.2188

		24.2218

		24.2218

		24.225

		24.225

		24.2282

		24.2282

		24.2312

		24.2312

		24.2344

		24.2344

		24.2374

		24.2374

		24.2406

		24.2406

		24.2438

		24.2468

		24.2468

		24.25

		24.25

		24.2532

		24.2532

		24.2562

		24.2562

		24.2594

		24.2594

		24.2624

		24.2624

		24.2656

		24.2656

		24.2688

		24.2718

		24.2718

		24.275

		24.275

		24.2782

		24.2782

		24.2812

		24.2812

		24.2844

		24.2844

		24.2874

		24.2874

		24.2906

		24.2938

		24.2938

		24.2968

		24.2968

		24.3

		24.3

		24.3032

		24.3032

		24.3062

		24.3062

		24.3094

		24.3094

		24.3124

		24.3124

		24.3156

		24.3156

		24.3188

		24.3218

		24.3218

		24.325

		24.325

		24.3282

		24.3282

		24.3312

		24.3312

		24.3344

		24.3344

		24.3374

		24.3374

		24.3406

		24.3406

		24.3438

		24.3468

		24.3468

		24.35

		24.35

		24.3532

		24.3532

		24.3562

		24.3562

		24.3594

		24.3594

		24.3624

		24.3656

		24.3656

		24.3688

		24.3688

		24.3718

		24.3718

		24.375

		24.3782

		24.3782

		24.3812

		24.3812

		24.3844

		24.3874

		24.3874

		24.3906

		24.3906

		24.3938

		24.3968

		24.3968

		24.4

		24.4

		24.4032

		24.4032

		24.4062

		24.4062

		24.4094

		24.4094

		24.4124

		24.4156

		24.4156

		24.4188

		24.4188

		24.4218

		24.4218

		24.425

		24.425

		24.4282

		24.4282

		24.4312

		24.4312

		24.4344

		24.4374

		24.4374

		24.4406

		24.4406

		24.4438

		24.4438

		24.4468

		24.4468

		24.45

		24.45

		24.4532

		24.4532

		24.4562

		24.4562

		24.4594

		24.4624

		24.4624

		24.4656

		24.4656

		24.4688

		24.4688

		24.4718

		24.4718

		24.475

		24.475

		24.4782

		24.4782

		24.4812

		24.4844

		24.4844

		24.4874

		24.4874

		24.4906

		24.4906

		24.4938

		24.4938

		24.4968

		24.4968

		24.5

		24.5

		24.5032

		24.5032

		24.5062

		24.5094

		24.5094

		24.5124

		24.5124

		24.5156

		24.5156

		24.5188

		24.5188

		24.5218

		24.5218

		24.525

		24.525

		24.5282

		24.5282

		24.5312

		24.5312

		24.5344

		24.5374

		24.5374

		24.5406

		24.5406

		24.5438

		24.5438

		24.5468

		24.5468

		24.55

		24.55

		24.5532

		24.5532

		24.5562

		24.5562

		24.5594

		24.5594

		24.5624

		24.5624

		24.5656

		24.5688

		24.5688

		24.5718

		24.5718

		24.575

		24.575

		24.575

		24.5782

		24.5782

		24.5812

		24.5812

		24.5844

		24.5844

		24.5874

		24.5874

		24.5906

		24.5906

		24.5938

		24.5938

		24.5968

		24.5968

		24.6

		24.6

		24.6032

		24.6032

		24.6062

		24.6094

		24.6094

		24.6124

		24.6124

		24.6156

		24.6156

		24.6188

		24.6188

		24.6218

		24.6218

		24.625

		24.625

		24.6282

		24.6282

		24.6312

		24.6312

		24.6344

		24.6374

		24.6374

		24.6406

		24.6406

		24.6438

		24.6438

		24.6468

		24.6468

		24.65

		24.65

		24.6532

		24.6532

		24.6562

		24.6562

		24.6594

		24.6594

		24.6624

		24.6656

		24.6656

		24.6688

		24.6688

		24.6718

		24.6718

		24.675

		24.675

		24.6782

		24.6782

		24.6812

		24.6812



Strain (%)

Stress (GPa)

-0.0002740224

-0.0001027584

0

-0.0002055168

-0.0001370112

0.0000342528

-0.0004110336

-0.0000685056

-0.0001027584

0.0001027584

0.0002397696

-0.0003082752

-0.0002397696

-0.0003082752

-0.0002740224

0.000171264

0

0.0001027584

-0.0001027584

0

-0.0000342528

-0.0001370112

0

-0.0001370112

-0.0000685056

-0.0001370112

-0.0001370112

-0.000171264

0.0001370112

-0.0001027584

0.0000342528

0.0001370112

-0.0001370112

-0.0001027584

0.0001027584

-0.0000685056

0.000171264

-0.0001370112

0.0001027584

0.0000342528

0.0001370112

0.0000685056

0.0000685056

-0.0001370112

0.0000342528

-0.0000342528

0.0003082752

0.0000685056

0.0001370112

0.000342528

0.0001370112

0.0004452864

0.0000685056

-0.0000685056

-0.0000342528

0.0000685056

0

0.0003082752

0.000342528

0.0002740224

-0.0001370112

0.0000685056

0.000171264

0.0002740224

0.0002055168

-0.0000342528

0.0002397696

0.0000685056

0.000171264

0.0000685056

0

0.0002397696

0.000171264

0.0001027584

0.0002740224

-0.0000342528

0.0001027584

0.000171264

0.0002397696

-0.0000342528

0.0000342528

0.0002397696

0.0000342528

0.0003082752

0.0003082752

0.0002740224

0.0001370112

0.0000342528

0.0000685056

0.000342528

0.0002055168

0.0002397696

0.0002055168

0.0003082752

0.0002055168

0.000171264

0.000342528

0.0002740224

0.0001370112

0.0003767808

0.0002397696

0.0004452864

0.000342528

0.0001027584

0.0004795392

0.0003082752

0.0003767808

0.0004795392

0.0004452864

0.000171264

0.0001370112

0.0004452864

0.0005822976

0.0005480448

0.0003767808

0.0002740224

0.0003082752

0.0003767808

0.0003767808

0.0004110336

0.0004110336

0.0001370112

0.0004110336

0.0003767808

0.0005822976

0.0004795392

0.0002740224

0.0004452864

0.0005480448

0.0004110336

0.0005480448

0.0004795392

0.0005480448

0.0002397696

0.0003767808

0.0005480448

0.0006165504

0.0006165504

0.0003767808

0.0004795392

0.0006165504

0.000513792

0.0005480448

0.0006508032

0.000342528

0.0004452864

0.0005822976

0.0007535616

0.0007193088

0.0005822976

0.0005822976

0.0004795392

0.000513792

0.00085632

0.0006165504

0.0007535616

0.0004110336

0.0004795392

0.0007193088

0.0007878144

0.0007193088

0.0005822976

0.0003082752

0.0007193088

0.00085632

0.000685056

0.000342528

0.0007193088

0.0005480448

0.000513792

0.0006165504

0.0004795392

0.0005480448

0.0005480448

0.000685056

0.0007535616

0.0007535616

0.000513792

0.0005480448

0.0005822976

0.00085632

0.0009590784

0.0007193088

0.0006165504

0.0007535616

0.0006165504

0.000513792

0.0009248256

0.0009248256

0.0007878144

0.000685056

0.0006508032

0.0013701119

0.0004795392

0.0006508032

0.0007878144

0.0007878144

0.0009933312

0.0009248256

0.0008905728

0.0004795392

0.0006165504

0.0007193088

0.0007193088

0.00085632

0.00085632

0.000685056

0.0007193088

0.0006165504

0.0008220672

0.00085632

0.00085632

0.0008905728

0.0007535616

0.0008905728

0.0009248256

0.0009590784

0.0007535616

0.0009248256

0.0008905728

0.0008905728

0.0008905728

0.00085632

0.0009933312

0.0007535616

0.0011645951

0.0008220672

0.0009933312

0.0006165504

0.0009933312

0.00085632

0.0010960896

0.0010960896

0.00085632

0.0009933312

0.00085632

0.0008220672

0.001027584

0.0010960896

0.0008220672

0.0006508032

0.0009248256

0.0007878144

0.0009248256

0.0011645951

0.0010960896

0.0007878144

0.0008220672

0.0009590784

0.0010618368

0.001027584

0.0009248256

0.0011303423

0.001027584

0.0010618368

0.0014043647

0.0008905728

0.0011645951

0.0008220672

0.0011988479

0.0011303423

0.0011303423

0.0011988479

0.001027584

0.0011303423

0.0011645951

0.0011988479

0.0013358591

0.0012331007

0.0011645951

0.001027584

0.0011303423

0.0013016063

0.0012673535

0.0011645951

0.0009590784

0.001027584

0.001027584

0.0012673535

0.0012673535

0.0013701119

0.0011303423

0.0010960896

0.0012331007

0.0013701119

0.0011988479

0.0014386175

0.0011645951

0.0014386175

0.0014386175

0.0014386175

0.0012673535

0.0011645951

0.0011988479

0.0013701119

0.0012331007

0.0013701119

0.0011303423

0.0012673535

0.0014728703

0.0013358591

0.0014386175

0.0012673535

0.0013016063

0.0013701119

0.0013358591

0.0012331007

0.0012673535

0.0013358591

0.0014386175

0.0013358591

0.0013016063

0.0012673535

0.0015413759

0.0014728703

0.0013701119

0.0013358591

0.0014043647

0.0015071231

0.0013358591

0.0015071231

0.0015071231

0.0014728703

0.0014728703

0.0015756287

0.0013701119

0.0013701119

0.0014043647

0.0015756287

0.0014728703

0.0015756287

0.0014386175

0.0014386175

0.0014043647

0.0014386175

0.0015756287

0.0016098815

0.0017811455

0.0014386175

0.0013016063

0.0015756287

0.0015413759

0.0015413759

0.0016783871

0.0014728703

0.0014386175

0.0015756287

0.0016441343

0.0017811455

0.0017468927

0.0015071231

0.0016098815

0.0017468927

0.0017468927

0.0017811455

0.0016783871

0.0018496511

0.0018496511

0.0018496511

0.0018153983

0.0018496511

0.0016783871

0.0017126399

0.0020209151

0.0019866623

0.0019866623

0.0019524095

0.0016098815

0.0016783871

0.0018153983

0.0019181567

0.0018839039

0.0018496511

0.0016783871

0.0020209151

0.0018496511

0.0018839039

0.0019181567

0.0018153983

0.0020209151

0.0017811455

0.0019866623

0.0018496511

0.0018153983

0.0019524095

0.0018839039

0.0021921791

0.0020209151

0.0019524095

0.0017811455

0.0019866623

0.0020209151

0.0022264319

0.0021236735

0.0020551679

0.0020894207

0.0020894207

0.0019181567

0.0020551679

0.0022264319

0.0021579263

0.0020894207

0.0020551679

0.0021236735

0.0022949375

0.0022264319

0.0021579263

0.0022264319

0.0022949375

0.0023291903

0.0024662015

0.0022606847

0.0022606847

0.0022606847

0.0022949375

0.0023291903

0.0021236735

0.0023634431

0.0023291903

0.0023976959

0.0024319487

0.0023976959

0.0024319487

0.0025004543

0.0024319487

0.0024319487

0.0022264319

0.0023291903

0.0023291903

0.0023976959

0.0025004543

0.0024319487

0.0024662015

0.0025689599

0.0025004543

0.0022949375

0.0025004543

0.0026717183

0.0025689599

0.0026032127

0.0025004543

0.0025347071

0.0027402239

0.0026374655

0.0027059711

0.0024662015

0.0027059711

0.0027059711

0.0026374655

0.0030827519

0.0027744767

0.0027059711

0.0026717183

0.0027059711

0.0028429823

0.0027744767

0.0028429823

0.0027059711

0.0028087295

0.0028429823

0.0028772351

0.0030484991

0.0030484991

0.0029114879

0.0031855103

0.0029114879

0.0031170047

0.0030484991

0.0031855103

0.0030142463

0.0033225215

0.0031512575

0.0033225215

0.0031855103

0.0030827519

0.0031170047

0.0033225215

0.0032882687

0.003391027

0.0032540159

0.0032197631

0.0034595326

0.0032540159

0.0034595326

0.0033567743

0.0033567743

0.0033567743

0.0034252798

0.0035965438

0.0036307966

0.003562291

0.0034252798

0.0035280382

0.0036650494

0.0036307966

0.0036307966

0.0036993022

0.0036993022

0.003562291

0.0035965438

0.0038363134

0.003733555

0.003733555

0.0038020606

0.0038363134

0.0037678078

0.0039733246

0.0041788414

0.0038020606

0.0039390718

0.0041103358

0.0042815998

0.0041103358

0.0042815998

0.0040418302

0.004247347

0.0042815998

0.004418611

0.0043501054

0.0042815998

0.0043158526

0.0041103358

0.0042815998

0.0045556222

0.004418611

0.0043501054

0.0043501054

0.004418611

0.0043501054

0.0044871166

0.0046241278

0.0044528638

0.004589875

0.0046241278

0.0048296446

0.0047953918

0.0047953918

0.0044528638

0.004932403

0.0046926334

0.0047953918

0.0050009086

0.0048296446

0.0046241278

0.0048981502

0.0050351614

0.0050351614

0.005103667

0.0050009086

0.0050351614

0.004932403

0.0050694142

0.005103667

0.005446195

0.0051721726

0.0051379198

0.0053434366

0.0052406782

0.0053091838

0.0053091838

0.0054804478

0.0055489534

0.005446195

0.0055147006

0.005446195

0.0055832062

0.0057202173

0.0055832062

0.0059257341

0.005617459

0.0055147006

0.0058229757

0.005617459

0.0057544701

0.0060627453

0.0060627453

0.0060284925

0.0058914813

0.0059599869

0.0060627453

0.0061997565

0.0061312509

0.0063367677

0.0060627453

0.0060627453

0.0062340093

0.0061655037

0.0063367677

0.0062340093

0.0064395261

0.0062340093

0.0064395261

0.0065422845

0.0064395261

0.0066107901

0.0065080317

0.0064737789

0.0066792957

0.0065765373

0.0066107901

0.0066450429

0.0066792957

0.0067820541

0.0068505597

0.0068163069

0.0069190653

0.0068163069

0.0069875709

0.0070903293

0.0070560765

0.0070903293

0.0069533181

0.0071588349

0.0070560765

0.0073986045

0.0072958461

0.0074671101

0.0072273405

0.0074328573

0.0074328573

0.0075698685

0.0075698685

0.0077411325

0.0077411325

0.0078096381

0.0076383741

0.0078438909

0.0078438909

0.0079466492

0.0082206716

0.0079466492

0.0079123964

0.0080494076

0.0081179132

0.0082891772

0.0081864188

0.0082206716

0.0081179132

0.0082206716

0.0082891772

0.008152166

0.0082891772

0.0084604412

0.0082891772

0.0084604412

0.0085631996

0.0085289468

0.0085631996

0.008494694

0.0090427388

0.0088714748

0.0089399804

0.0089399804

0.0090427388

0.0090427388

0.0090769916

0.0090427388

0.0091454972

0.0091454972

0.0091454972
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