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Present investigation deals with the methods adopted to produce and introduce Liquid phase shear exfoliated multi-layered Graphene. Recently, the development of an ideal Nano-material called graphene in modern science create an opportunity to develop better performing Nano-engineered materials. Thus, the compression and splitting tensile test result for 50% and 100% replacement of mixing water by produced Graphene solution, related modulus of elasticity is calculated based on compression result obtained. Such way that 28 days’ compression capacity show 33.4% and 16.5% improvement for 50% and 100% replacement of mixing water with Graphene solution.  Moreover, the 28 days splitting tensile strength test result show 43% and 10% improvement for 50% and 100% replacement of mixing water with Graphene solution. The chemical crystalline matrix crushed pieces of test samples of Graphene solution made concrete were confirmed by using scanning electron microscope (SEM). Here we report that a significant enhancement of mechanical properties of the Graphene solution produced concrete than the conventional concrete. 
Keywords: Graphene, Graphene solution, SEM, Concrete
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[bookmark: _Toc22592773]1.1. Back Ground of the Study
Nano-technology is a relatively new technology and deals with particles having at least one dimension between approximately 1 and 100 nm called Nano-materials (Rattan A, Sachdeva P, & Chaudhary A, 2016)
The Nano-materials properties can be very different from the properties of the same materials at micro (10–6 m) or macro scale (10–6 -10–3 m). Nano-materials is being integrated into many applications including composites, electronics, biomedicine and many more. Manipulation at the nanoscale can change chemical reactions; temperature, electricity, and magnetism of a material (Rattan A et al., 2016).
Graphite is the combination of millions of the two dimensional layers called Graphene, which consists of atomic layers of sp2-bonded carbon atoms with hexagonal atomic configuration (Bharech, 2015). Graphene has unique physical and chemical properties including outstanding mechanical properties such as 200 times stronger than structural reinforcing steel, high current density and charge mobility, optical transmittance, and thermal conductivity. Graphene is considered as the thinnest possible material in the world and the strongest material ever tested, with a tensile strength of 130 GPa and a Young’s Modulus of 1 TPa respectively (Abro, 2015)

There are but efforts have been done to develop production methods for Graphene. Some of the method of production are mechanical, electro-chemical and liquid phase shear and ultra-sonication. From these different methods used to achieve high yield of Graphene for different application, has their own pros and cons based on quality, quantity and scalability to industrial level (Abro, 2015).
The exfoliation of Graphite in aqua medium can be effectively done by exploiting shear mixing and ultra-sound waves to extract individual layers of Graphene. The aqua medium production of Graphene pass-through three stages: First stage is to dissolve Graphite in a solvent which have a surface tension (γ) close to 40 mJ/ m2, second stage is shear exfoliation by using the shear force mechanism either rotation or ultra-sound wave and third stage is Purification (Bernal & Milano, 2014; Haar et al., 2016).
Recently, Nano-technology has been applied in the production of concrete to improve its mechanical and plastic properties. Concrete is a Nano-structured, composite material that develops strength over time.  Concrete property based on its constituents: cement, coarse aggregate, fine aggregate and water. The paste produced by reaction between the cement and water produces calcium silicate hydrate (C-S-H) crystal (Paton et al., 2014).
Calcium silicate hydrate (C-H-S) are Nano-scale building blocks of concrete which determine its mechanical properties. Concrete have limitation on resisting applied stress, which directly related to the Nano-scale building blocks. Therefore, to overcome those limitations many researchers have been investigated to improve concrete mechanical property. But the best approach to improve the mechanical performance improvement at Nano-scale building blocks is necessary, since every limitation is traced back to defects in the Nano-scale cement structure (Dimov et al., 2018).
[bookmark: _Toc22592774]1.2 Graphene Reinforced Concrete
Graphene has initiate vast interests from the day it was discovered and has opened up a
new way to field of nanotechnology applications. The remarkable mechanical, higher surface area and low density, together enable Graphene with the possibility to develop a high-performance, and multi-functional cementitious composites (Zheng, Han, Cui, Yu, & Ou, 2017).
Graphene is an ideal Nano-material to modify cementitious materials, but single layer Graphene is hard to synthesize and very expensive. In practical applications multilayer Graphene Nano platelets (GNP) are used, because GNP can be more easily produced from Graphite (Zheng et al., 2017).
In this research mechanical performance of Graphene reinforced concrete is investigated relative to the ordinary concrete prepared from identical ingredients at same time and conditions. Additional investigations also conducted to assess the chemical structure of the Graphene reinforced concrete relative to control concrete specimens.
[bookmark: _Toc22592775]1.3 Objective of this Research
[bookmark: _Toc22592776]1.3.1 General Objective
This research is aimed to enhancing Concrete Mechanical Property Using Liquid Phase Shear Exfoliated Graphene Nano Plates
[bookmark: _Toc22592777]1.3.2 Specific Objective
· To evaluate the effect of Graphene based solution on workability of concrete at different level of concentration. 
· To investigate the effect of addition of Graphene based solution as partial or full replacement of mixing water on tensile property of concrete
· To investigate the effect of Graphene solution concentration on concrete mechanical behavior improvement.
[bookmark: _Toc22592778]1.4 Problem Statement
The behavior of harden concrete basically depends on the paste formed due to reaction between water and cement known as calcium-silicate-hydrate(C-S-H). The size, number and distribution of voids at Nano-scale which are found on C-S-H will determine the mechanical properties of concrete.
Concrete has low tensile strength which makes it brittle material, if its ultimate stress is reached a structure undergoes a sudden collapse, sudden collapse of a structure is catastrophic and appropriate measures should be taken. Usually reinforcing steel is used to resist the tensile stress on concrete members and let the concrete member only to resist compression stress. Due to higher tension capacity of steel and compression capacity of concrete the collapse behavior of concrete member is changed from brittle to ductile. But, due to unknown bond between reinforcing steel and concrete, the coupled effect of resistance variable and significantly affect the transition of failure mode from brittle to ductile.
Cement production one of the main constitute of concrete is hazardous to the environment. The cement industry is second largest producer of carbon dioxide (CO2), creating 5% of world man made emissions of this gas, of which 50% is from the chemical process and 40% from burning fuel according to the cement sustainability initiative.
This research is envisioned to investigate the addition of Graphene based solution to concrete affect the mechanical property, at what concentration of the solution be maximum improvement can be obtained and how this material mechanical improvements allow concrete structures to be safe, economic, environmental friendly and meet service requirements.
[bookmark: _Toc22592779]1.5 Research Question
1. Does Graphene based solution introduction affect the workability of concrete?
2. Does Graphene based solution improve the mechanical property of concrete?
3. At what concentration of Graphene solution better mechanical improvement is obtained?
[bookmark: _Toc22592780]1.6 Significant of the Study
The result of this study would provide back ground information for other researchers who would be interested to conduct similar studies. Graphene is promising material in modern science, from the day of it discovery Graphene triggered many interest in different field of technology. Due to Graphene ideal properties makes it suitable for modification of existing materials like concrete. Incorporation of Graphene change the Nano-structure of concrete, this cause significant change on tensile strength of concrete by minimizing size and number of void formation in the cement paste. Such chemical structure change in concrete, also have significant increment on compressive capacity due to improvement in capacity of stress resistance of the cement paste. Such an ideal change in tensile and compressive strength significantly change the concrete based construction industry, by making concrete structurally efficient, economical and meet functional requirements.
[bookmark: _Toc22592781]1.7 Scope of the Study
This study is specifically focused on Graphene reinforced concrete mechanical property made using Graphene based solution. Thus, the test conducted on both the control (conventional) concrete and Graphene reinforced concrete for compressive and splitting tensile strength, using compressive testing machine. Further analysis on the crushed sample is done using Scanning electron microscope (SEM).
This study is limited to normal weight concrete grade 30, due to limitation of the Graphene Nano plate’s production using house hold blender. Flexural strength test is also not conducted due to un-available of the flexural testing machine at Hawassa University. Permeability and conductivity of Graphene reinforced concrete is not conducted because of the un-availability of measuring instrument. But the permeability of concrete is assessed based on the image obtained from the scanning electron microscope (SEM). 
[bookmark: _Toc22592782]1.8 Structure of the Thesis
In Chapter 1 introduction to this research and elaborating the intent of this investigation were presented.
On Chapter 2 a brief discussion on workability and mechanical property of concrete based on literature reviews is presented. It also covers Graphite availability in Ethiopia which is the source of Graphene, detail discussion is followed about Graphene and its method of production, at the end in-depth literature review on Graphene reinforced concrete is presented.
Chapter 3 discuss on the materials used to this research and methodology for preparation and testing of experimental specimens. The chapter discuss materials and equipment used on two categories:1) Graphene production based on shear exfoliation and 2) concrete ingredient preparation and production. The chapter also explained the procedures followed for production of Graphene based solution, concrete constituent and concrete production. At the end of this chapter concrete testing procedure is presented. 
Chapter 4 based on the material and methods used to production of concrete specimens and conducted test on specimens, the obtained result is presented and discuss in depth, with their implication in comparison between Graphene reinforced and conventional control samples. 
On chapter 5 conclusion are made based on the results and detailed scientific discussion made on chapter 4. Further investigations points are recommended based on the results and discussions made in chapter 4.





[bookmark: _Toc22592783]CHAPTER TWO
[bookmark: _Toc22592784] LITERATURE REVIEW
[bookmark: _Toc22592785]2.1 Introduction
Nanomaterials are physical substances with dimension between 1 to 100 nm (1 nm = 10–9 m). The Nano-science represents the study of occurrences and the manipulation of materials at Nano-scale. The Nano-technologies can be defined as the design, characterization, production and application of Nano-materials to structures, devices and systems by controlling shape and size at the nanoscale. Nano-materials properties are very different from the properties of the same materials at micro (10–6 m) or macro scale (10–6 -10–3 m) (Rattan A et al., 2016).
Graphite is the combination of the millions of the Graphene layers. Graphene is two dimensional nanomaterials which create Graphite, consists of atomic layer sp2-bonded carbon atoms. Graphene have hexagonal configuration with a single free electron, which make it the only non-metal conductor (Kauppila, 2014). 
There are enormous efforts have been done to develop production methods for Graphene. Some of the method of production are mechanical, electro-chemical and liquid phase shear and ultra-sonication. Novoselov and his colleagues studied Graphene preparation from Graphite using scotch-tape in 2004 have successfully exfoliated monolayers of Graphene and awarded the Nobel prize in Physics. From different methods used to achieve high yield of Graphene for different application, each of the methods have their own pros and cons based on quality, quantity and scalability to industrial level (Jones & Safron, 2004).
The exfoliation of Graphite in aqua medium can be effectively done by exploiting shear mixing and ultra-sound waves to extract individual layers of Graphene. The aqua medium production of Graphene follows three stages: First stage is to dissolve Graphite in a solvent which have a surface tension (γ) close to 40 mJ/ m2, second stage is shear exfoliation by using the shear force mechanism either rotation or ultra-sound wave and third stage is Purification (Bernal & Milano, 2014; Haar et al., 2016).
Concrete is a composite material made through mixing a cementing material and a mineral aggregate with sufficient water to cause the cement to set and bind the entire ingredient. Reaction between the cement and water produces calcium silicate hydrate (C-S-H), which determines the mechanical properties of concrete (Shetty Be, 2000).
The property of concrete basically depends on the ingredients property (cement, sand,
aggregate and water), and the paste produced by water –cement reaction. Concrete made from nanoscale building blocks and the finest approach to enhance mechanical performance of concrete is enhancement at Nano-scale, since most of the damage caused to concrete can be traced back to chemical and mechanical defects in the cement structure (Dimov et al., 2018).
Recently, Nano-technology has been applied in the production of concrete to improve its properties. the Nano modification can result in improvements in strength, shrinkage, ductility, and impact resistance.
The properties of concrete may be altered in so many ways; one of the best ways is the incorporation of Nano materials to concrete. Nano materials in terms of Nano silica (SiO2), Nano Iron (Fe2O3), Nano alumina (Al2O3), carbon nanotube etc. Incorporation of Nanomaterials in concrete will improve; the pore structure of concrete, alter pore distribution on chemical structure and speed up the C-S-H gel formation and improve the concrete mechanical properties (Rattan A et al., 2016).
[bookmark: _Toc22592786]2.2 Classification of Concrete
Structural concrete can be classified based on their strength as normal strength concrete and high strength concrete.
A) Normal Strength Concrete
Concretes with matured compressive strength is in between 20-40 Mpa can be categorized as a normal-strength concretes. No additional additive is introduced which have a significant effect on concrete strength. The stress–strain curve of normal strength concrete is nonlinear and appears to be somewhat ductile.  This is because of the gradual development of micro cracking within the concrete chemical structure and the resulting redistribution of stress from one ingredient element make up to the other within the concrete (James g. Macgregor 2005).
B) High Strength Concrete
Concretes with matured compressive strength greater than 41Mpa can be categorized as a high-strength concretes. The production of high-strength concrete based on the addition of admixtures such as superplasticizers to improve the dispersion of cement in the mix and produce workable concrete, with much lower water to cement ratios than normal strength concrete, producing much lower void formation which made stronger concrete (James g. Macgregor 2005).
High-strength concrete is more brittle in nature than normal strength concrete because cracks in this material do not follow the aggregate-hardened cement paste interfaces due to the improved interfacial bond strength of high-strength concrete, but may cut right through the hardened cement paste and even the aggregate particles leading to rapid propagation of the cracks and sudden failure of the concrete (Pam, Kwan, & Islam, 2001).
[bookmark: _Toc22592787]2.3 Properties of Concrete
Concrete undergoes two states: the fresh concrete/plastic state and the harden state a state, when the plastic concrete harden through time due to the process called hydration.
[bookmark: _Toc22592788]2.3.1 Fresh Concrete (plastic property)
Property of Concrete at a state of semi-fluid, which can be molded into any shape. Strength and durability of concrete has direct relation with the plastic/semi-fluid state property.
2.3.1.1 Workability
Workability is the ability of mix being easily mixed, transported and placed as simple as possible without any an acceptable loss of uniformity or specified quality on concrete product. generally, the mix should be capable of being mixed and casted easily and provide the intended quality of harden concrete (Wong et al., 2001).
2.3.1.2 Consistency
Consistency is measure of uniform dispersion all the constituent materials including any admixture throughout the mix with a minimum energy requirement.  Acceptable uniformity of the mix with in a batch and with successive batch’s providing the relatively same quality concrete imply consistency (Wong et al., 2001).
[bookmark: _Toc22592789]2.3.2 Harden State Properties (Mechanical properties)
Concrete performance is determined based on the mechanical property which include compression strength, tensile strength, flexural strength, and modulus of elasticity. But it is general assumed that an improvement in compressive capacity of concrete will improve other mechanical properties. Mechanical properties of concrete are closely related to its porosity and pore dispersion (Shetty Be, 2000),the addition of Nano fine particles could improve the properties of concrete due to increased surface area of cement matrix and through filling the Nano pores of the cement paste (Jafarbeglou, Abdouss, & Ramezanianpour, 2015).
2.3.2.1 Drying Shrinkage and Creep
Drying shrinkage property of concrete is related to the loss of adsorbed water from concrete to the environment. shrinkage property is very much related to the porosity of concrete. As increment in porosity increase in shrinkage of concrete, this directly increases in shrinkage stress. Increment in shrinkage is not only related to porosity of concrete, but it also varies with temperature change (Ayub, Khan, & Memon, 2014).
Creep strain is developed when concrete member is under load which causes an instantaneous Elastic deformation, if the applied load maintained for some period the adsorbed water layers tend to become thinner between C-S-H gel particles transferring compressive stress and new bond is created between C-S-H gels in the new position. If the load is removed, the concrete recover elastically but there will be residual strain due to the C-S-H gel formation on deformed position (James g. Macgregor 2005).
2.3.2.2 Compressive Strength
Compressive Strength is the maximum compressive stress that under progressively applied load a given solid will sustain without fracture. Compressive strength of concrete is property which expresses the carrying capacity of compressive load. Therefore, determining this important property is the foremost priority while dealing with any type of concrete (Ayub et al., 2014).
2.3.2.3 Tensile Strength
Tensile strength of concrete is property which imply the capacity of concrete to survive under tensile stress. Due to the difficulty of testing concrete tensile capacity directly, it is convent to adopt indirect approach to determine concrete tension capacity. The two conventional indirect testing methods are presented below.
A) Splitting Tensile Strength Test
Splitting tensile strength is the measure of tensile strength of the concrete which is determined by splitting a cylinder specimen across its diameter (Ayub et al., 2014).
B) Flexural Tensile Strength Test (Modulus of Rupture)
Flexural tensile strength is the measure of tensile strength of the concrete, by applying bending stress on plain concrete beam specimen, which cause tensile stress on the bottom surface and compressive stress at top. Using the tensile stress at the bottom surface the concrete tensile capacity is determined (Ayub et al., 2014).
2.3.2.4 Modulus of Elasticity
A modulus of elasticity is the measure of unit rate of change in strain due to unit rate of change in stress on elastic boundary of the material. Modulus of elasticity describes the material stiffness to deformation (James g. Macgregor, 2005)
Modulus of elasticity can be determined using the stress-strain curve, slope a line at different ordinate to stress-strain curve give three modulus of elasticity: tangent modulus which is determined from slope of a line which pass tangentially at point on stress-strain curve which represented by point A in the figure 1, initial tangent modulus of elasticity is based on the slope of a line which passes  tangentially to the origin of the stress-strain curve and the secant modulus of elasticity is determined by using the slope of a line generate from the origin and pass through some point on the stress-strain curve on figure 1 the point is described as B. All the three modulus of elasticity are described using figure 1 below(James g. Macgregor, 2005).
[image: ]
[bookmark: _Toc22627682]Figure 1; Initial tangent, Tangent and Secant modulus of elasticity. (James g. Macgregor 2005, 67)
The modulus of elasticity of the concrete is affected by the modulus of elasticity of the cement paste and coarse aggregate. Reduction in cement paste modulus of elasticity meaning an increases of porosity of the cement paste, reduce modulus of elasticity and strength of concrete. Coarse aggregate modulus of elasticity significantly affects the modulus of elasticity of the concrete, as increase in aggregate modulus of elasticity improve the modulus of elasticity of the concrete overall (James g. Macgregor, 2005).
According to ES-EN 1992-2015 part 1-1 the secant modulus of Elasticity normal strength concrete can be estimated using the compression capacity of the concrete. 

Where fcm compressive strength of concrete in Mpa.
[bookmark: _Toc22592790]2.4 Graphite
Graphite is one of the allotropes of carbon, which occurs as mineral in some rocks. Formation of Graphite is known as “Graphitization”, Graphitization denotes the transformation of carbonaceous debris to amorphous or crystalline Graphite. Graphite is collective gathering of thin Graphite plates called Graphene, which are made from hexagonally attached carbon atoms (Liam A. Bullock & Owen J. Morgan, 2015).
Natural Graphite is classified as flake or microcrystalline Graphite and vein or lump Graphite, based on its underlying physical and chemical properties. Graphite is now recognized as important mineral worldwide due to its rarity, unique chemical composition, and physical characteristics (Tripathi, Patel, Shaz, & Srivastava, 2013).
[bookmark: _Toc22592791]2.4.1 Availability of Graphite in Ethiopia
Ethiopia is a blessed country with so many naturally available minerals, Graphite also found in Ethiopia at different location and amount, here only two Graphite sources are presented: Moyale Graphite and Assosa Graphite.
 Graphite was recently discovered by GP Resource Mining PLC (GPRM) near the town of Assosa in the Benishangul-Gumuz region of western Ethiopia. As a part of an extensive quartz graphitic-schist unit. The importance and extent of the Graphite, together with the known occurrence of gold in area, makes this a potentially prosperous resource area. According to Liam A. Bullock and Owen J. Morgan the “assosa” natural Graphite deposit has yield potential up to 95%. (Liam A. Bullock & Owen J. Morgan, 2015).
According to geological survey of Ethiopia research and report, potential Graphite deposit is found around town of Moyale in Oromia region of southern Ethiopia. The Graphite occurrences in the Moyale area are accommodated by quartzite, quartz-feldspar-mica schist and rarely by amphibole schist. The Moyale area contains an indicated mineral resource of about 450,000 tons of Graphite (ASTM Committee, 2001).
[bookmark: _Toc22592792]2.5 Graphene
Graphene is a single atom-thick sheet of hexagonally arranged sp2-bonded carbon atoms which are represented as shown below figure 2. Its lateral dimensions may vary from several Nano-meters to micro-meters (Abro, 2015).Single layer is the purest form known and with multi-application in electronics, composites, water-treatment, biomedicine etc.
[bookmark: _Toc20330814][image: ]
[bookmark: _Toc22627683]Figure 2; Chemical structure of Graphite
[bookmark: _Toc22592793]2.5.1 General Properties of Single Graphite Layer (Graphene)
The properties of single layer Graphene are much different from what it makes called Graphite. Graphene has remarkable physical and chemical properties. Some of the important properties are shown in the table 1 below.
	Property
	Measured value of Graphene

	Larger Surface Area
	~3000m2g-1

	Stretch elasticity
	~20%

	Optical transparency
	~97.7%

	Tensile strength
	~130 GPa

	Thermal conductivity
	~(3000-5000)WmK-1

	Breaking Strength
	~ 42Nm-1

	High Carrier Mobility
	~ 10,000 cm2V-1S-1

	Young’s Modulus
	~ 1.0 *1012 Pa

	Large spring constant
	~(1-5)Nm-1

	Electrical conductivity
	~3000 W m-1 K-1



[bookmark: _Toc22334504]Table 1; Properties of Graphene (Abro, 2015)
[bookmark: _Toc22592794]2.5.2 Methods of Graphene Production
There are different approaches for production of Graphene, the methods are categorized as: top-down and bottom-up methods. Top-down methods intend to use natural or synthetic Graphite and in various ways to peel off single Graphene sheets from Graphite called exfoliation. Bottom-up methods, usually make use of small carbon containing molecules or some other carbon source and build up Graphene structures by joining carbon atoms together to grow up and make Graphene (Abro, 2015), some of the methods are presented figure 3 below.

[bookmark: _Toc22627684]Figure 3; Method of production of Graphene
2.5.2.1 Mechanical Exfoliation (Scotch-Tape Method)
Production of Graphene based on applying a mechanical force to separate Graphene sheets in Graphite from each as shown figure 4 below. This method does not cause any chemical change to Graphene product. Mechanical methods are especially desired when the highest possible quality is needed, e.g., in the investigation of the fundamental properties of Graphene(Jones & Safron, 2004).
In its simplicity, the tape method works by placing Graphite between two strips of tape and detaching Graphite into thinner and thinner layers with the tape. After transferring the so-formed few and single layer sheets to a substrate, the latter sheets must be manually searched on the substrate. This method is highly inefficient but the formed Graphene sheets are near to perfection (Jones & Safron, 2004).
[image: ]
[bookmark: _Toc22627685]Figure 4; Mechanical exfoliation of Graphene
2.5.2.3   Liquid Phase Exfoliation with Sonication
Ultra sonication has emerged as one of the most powerful methods to produce Graphene from Graphite under liquid medium. The liquid-phase exfoliation method to prepare Graphene generally involves three steps: 1) dispersion of the Graphite in a liquid medium, 2) exfoliation through ultra-sonication and 3) purification. Exfoliation based on shear forces due to the propagation of high amplitude sonication waves act on the surface of Graphite inducing Graphene (Bernal & Milano, 2014; Haar et al., 2016). In order to stabilize the produced Graphene plates, the interfacial tension between the Graphene and the liquid medium needs to be minimized. Hence, the choice of liquid medium for the dispersion of the materials is very important on the effectiveness of the ultra-sonication (Varrla et al., 2014).
2.5.2.4 Chemical Vapor Deposition (CVD)
Chemical vapor deposition is the widely used technique for Graphene production, since it can produce large area Graphene sheets, with lateral dimensions up to several centimeters’. CVD allows control of layer thickness and coverage of large area and produces high quality Graphene sheets. Two drawbacks of CVD are the requirement of a substrate with a matching surface crystallinity, which will enable Graphene to build up properly, and the poly-crystallinity of the produced Graphene films. The polycrystalline structure is created when multiple small Graphene islands are growing simultaneously on the substrate until they eventually merge together. As with most of polycrystalline materials, there are some defects at the crystal boundaries. These defects slightly obstruct both the mechanical and electrical properties of Graphene(Bernal & Milano, 2014).
2.5.2.5 Liquid Phase Exfoliation based on Shear
Shear mixing is a process of exfoliation of Graphene in the liquid phase (Liquid medium base on surfactant- water or organic solvents) by using the shear force mechanism. In this process, a mixing machine is used to generate high shear force on the solution containing Graphite.  The purpose of this machine is to mix the solution of solvent and Graphite powder by applying shear force to exfoliate the Graphene layer. In shear mixing process, the Graphite is mixed with the organic solvent like ethanol, Cyclohexanone and NMP or with distilled water with some surfactant compound like sodium cholate. Hence, high-shear mixing is a scalable alternative to the sonication process for the separating crystal layer of Graphite. Shear mixing, generally used to disperse Nano-particles in solvents. It includes separating of micro-particle agglomerates that are weakly attached compare with the inter-sheet binding strength in Graphite.  In shear mixing, the layered material is initially swelled by intercalation, significantly reducing the interlayer binding strength between Graphene layers (Varrla et al., 2014; Yang et al., 2013).
The shear mixing process has much more ability to exfoliate the untreated Graphene plates into liquid solution. In addition, Shear mixing process utilizes less power densities as compared to Ultra-sonication method.
[bookmark: _Toc22592795]2.6 Comparison of different Graphene Production Methods
	
	Rotational Shear 
	Ultra-Sonication
	CVD
	Scotch Tape

	Longer Production time 
	No
	Yes
	Yes
	No

	High quality yield
	Yes
	Yes
	No
	Yes

	Scalability to industrial level
	Yes
	No
	Yes
	No

	Large dimension of Graphene
	No
	No
	Yes
	No

	Manageability of production
	No
	No
	Yes
	No


 From the literature review presented above, according to Abro reported, it is evident that large production of Graphene can attained through liquid phase exfoliation, but the advantage and disadvantage of liquid phase exfoliation method with respect to other Graphene production methods have shown in table 2 below (Abro, 2015).
[bookmark: _Toc20347719]
[bookmark: _Toc22334505]Table 2; Comparison between some Graphene production methods
 

[bookmark: _Toc22592796]2.6.1 Comparison between the Shear Exfoliation Methods
As mentioned above there are many shear exfoliation techniques which differ based on liquid medium used to produce few layer Graphene and the method used to apply shear force: shear mixer and ultra-sonication. Despite that there is difference in quantity and quality of product using different shear mixer.  Varrla et al, reported that difference between using laboratory shear stator and house hold kitchen blender used to apply the shear force on the solution. Thus, they show that there is difference in amount of Graphene product, number of layers of Graphene produced and quality of Graphene product. The comparison shows that there is more product quantity, less time for production and less defect on the product is obtained using house hold blender (Varrla et al., 2014)
[bookmark: _Toc22592797]2.7 Graphene Based Concrete
K.R. Mohammed, et.al, show that addition of different concentration of Graphene oxide in concrete improves the mechanical behavior of concrete, they show there is 7% improvement on compression capacity for 1% of Graphene oxide content and increase up to 17% for 2% of Graphene oxide at 28 days’ strength relative to the ordinary concrete (Zheng et al., 2017).
 Another study Keith R Paton by, showed that addition of 0.1% Graphene oxide improved the flexural strength about 4% and the compressive by 11%, by alteration of Cement matrix (Paton et al., 2014).
Qiaofeng et al, paper on Graphene based cementitious composite show a 197.2% increase of tensile strength with 0.02% replacement by weight of cement by  Graphene Oxide, a 160.1% increase of compressive strength, a 184.5% increase of flexural strength and a 175% increase of flexural toughness with 0.6% replacement by weight of cement by  Graphene Nano plates, a 73% increase of ductility with 0.1% replacement by weight of cement by  Graphene Nano plates, 51% increase of fracture strength with 1.5% replacement by weight of cement by  Graphene Oxide,  20% increase of damping ratio with 5%  by volume of cement by Graphene Nano plates, a 150% increase of hardness with 5% by volume of cement by Graphene Nano plates,  37.3% increase of shear modulus with 0.5% replacement by weight of cement by Graphene Nano plates,  500% increase of Young’s modulus with 3% replacements by weight of cement by Graphene oxide, and  71% decrease of abrasion loss with 5% by volume of cement by Graphene Nano plates (Zheng et al., 2017).
Dimitar and his collages try to incorporated liquid phase shear exfoliated produced using surfactant sodium cholate made using a laboratory shear stator, using the produced solution as partial replacement of mixing water. The result obtained by the investigators show that 146% improvement in compression, 79.5% in flexure and 78% reduction in strain at maximum stress (Dimov et al., 2018).




[bookmark: _Toc22592798]CHAPTER THREE
[bookmark: _Toc22592799]MATERIAL AND METHODOLGY
[bookmark: _Toc22592800]3.1 Introduction
To analyze this experiment, the ingredients which make 36 specimens made with Graphene solution at different concentration with 9 control specimens. From the 36 specimens 9 of them are made with half replacement of Graphene solution and 9 made with   full concentration of the Graphene solution. The test conducted based on 7, 14 and 28 old strengths, on each age category 9 of the specimens are made for compression test and reaming 3 for splitting tensile test.
For production this specimen the ingredients (cement, coarse and fine aggregate and water) are prepared and tested based ASTM specification and all the necessary laboratory equipment’s to conduct the experiment were used. 
For the production of Graphene under liquid medium, the ingredients Graphite powder, Ariel detergent powder and distilled water were used. The exfoliation of Graphene in liquid medium conducted using Philips 7761 model house hold blender, to create shear force on the solution.
[bookmark: _Toc22592801]3.2 Materials
[bookmark: _Toc22592802]3.2.1 Fine Aggregate
Locally available natural fine aggregate, used that came from “langano” river from Oromia regional state, Ethiopia. The sand was prepared and tested based on ASTM specification. To determine the quality of sand the necessary tests: sieve analysis, silt content and specific gravity tests were conducted. The test results of each test and related computed parameter values presented in appendix B1. 
[bookmark: _Toc22592803] 3.2.2 Coarse Aggregate
The coarse aggregate is obtained from crushing site in “Hawassa” located around “Addisu Gebeya”. The coarse aggregate was prepared based on ASTM specification. The quality of coarse aggregate determined based on testes: sieve analysis, dry rod density and specific gravity. The results from those test used to express and calculate other aggregate quality evaluation parameters, the results and calculation of the conducted tests presented in the appendix B1. 
[bookmark: _Toc22592804]3.2.3 Water
For production of concrete ASTM specify that, water meting quality to drink met quality for concrete production. In this research drinkable tap water is used for concrete mixing. Despite that for the production of Graphene solution di-ionized water was used, in interest of eliminating the effect of dissolved solids in water on Graphene production.
[bookmark: _Toc22592805]3.2.4 Cement
Dangote 42.5 grade ordinary Portland cement (OPC) was used, to prepare the concrete samples. The main chemical ingredient is calcium silicate (3CaO.SiO2(C3S)), which is the most abundant and important cement mineral, which form C-S-H gel after reaction with water. In Dangote cement 60% is accompanied by calcium silicate. For this research C-S-H gel formation is for most important, modification at Nano scale is related to this formation, since every insufficiency of concrete arise from here.
[bookmark: _Toc22592806]3.2.5 Graphite
Graphene containing solution made through shear exfoliation of Graphite. It is source of Graphene. In this research Abron chemical products (chemicals and other) were purchased from Addis Ababa at “Kirkos” sub-city from Atomic chemical providers. 
[bookmark: _Toc22592807]3.2.6 Surfactant
To enable production of Graphene in water, surface energy of water has to be minimized, so that the Graphite could dissolve in water. Reducing the surface energy of water can be effectively done based on applying surfactant (soap), Ariel washing powder is used to initiate solubility of Graphite in water and to stabilize Graphene after production.
[bookmark: _Toc22592808]3.3 Methods
This study based on both chemistry and material engineering knowledge. This research contains two main experimental sections: preparing the Graphene based solution which is ready to mix with the concrete and making the test specimens. Production is done on controlled environment at Hawassa university construction material laboratory.
[bookmark: _Toc22592809]3.3.1 Chemical Experiment (Graphene Production)
All the chemicals and apparatus used were purchased from local supplies. Philips kitchen blender (model HR 7761) to disperse and separate Graphene layers in Ariel added aqueous medium were purchased. Experiment on producing Graphene is based on applying rotational shear force to the solution. To do so each mix batches was prepared: first 100gm of Graphite powder was added in 500ml de-ionized water by stirring, Ariel powder was added based on surfactant (Ariel) to Graphite ratio was one to eight, to the tapered blender jug containing water and Graphite. Water-Ariel-Graphite solution left for a minute to undergo chemical interaction by itself, then the blender was operated at full speed (>18,000rpm) for 45-minute, with 2-minute operation and 2-minute off procedure, this due to such blenders are not designed for continuous operation at high speeds for long time as a consequence of excessive heating. After the blender is turned on, the Graphite was rapidly lifted off the bottom of the vessel and the liquid turns a black colour as the Graphite starts to disperse and small bubbles begin to form. In general, a considerable amount of foam was produced but the solution was poured in to some other jug and let to settle down for month, then the supernatant solution was collected which are represented as shown figure 5 below.
[image: ]
[bookmark: _Toc22627686]Figure 5; Image of the collected supernatant
[bookmark: _Toc22592810]3.3.2 Mechanical Experiment
3.3.2.1 Concrete Specimen Preparation
C-30 grade concrete was designed and 27 concrete cubes having dimension of 150mm*150mm*150mm were prepared for compression test and 9 cylinders with dimension 300mm depth by 150mm diameter for splitting tensile strength test were made. All the specimens prepared and casted with three different concentration replacement of mixing water with Graphene solution: zero replacement (control), 50% replacement and100% replacement.
The concrete made with only ordinary tap water as controlling specimen which has no Graphene solution was added. Second class of specimens made with 50% replacement of the mixing tap water with Graphene solution. The other group specimens made with 100% replacement of the mixing tap water with Graphene solution. Despite the concentration difference of Graphene, all the other concrete producing parameters kept the same for all samples which are represented as shown figure 6 below.
[image: ]
[bookmark: _Toc22627687]Figure 6; Image specimens for curing
[bookmark: _Toc22592811]3.4 Mix Design
The mixing ratio has been calculated based on ACI mix design to make C-30 grade concrete. The mix design was calculated using the values obtained from the test conducted on each ingredient of concrete. The mass based ingredient ratio of concrete is shown in table 3 below, the mix design of concrete based on ACI is presented in Appendix B2. 
	Ingredients
	Mixing ratio by weight in Kg
	Relative Mixing ratio

	Fine aggregate
	857.342
	2.79

	Coarse aggregate
	894.01
	2.92

	Water
	181.27
	0.59

	Cement
	306.56
	1



[bookmark: _Toc22334506]Table 3; Portions of ingredients for concrete to make 
[bookmark: _Toc22592812]3.4.1 Concrete Casting
Each of concrete ingredients was weighed according to the above design ratio. The weighed ingredients for each three categories of Graphene concentration were blended before any water or solution added. For the control specimens the prepared dry mix was mixed with water with specified amount on mix design. For experimental specimen’s preparation 50% and 100% of the mixing water was replaced by Graphene solution and applied to the dry mix to obtain 50% and 100% Graphene solution made concrete respectively. 
Each mix was casted on lubricated mold in three levels; each level was vibrated as ASTM specification before the next batch poured to the mold. The specimen was left for few minute to dry, then the casted specimens was trimmed.
[bookmark: _Toc22592813]3.4.2 Concrete Curing
The casted specimens were carefully de-mold after 24 hours, then the specimens were immediately submerged to curing bath containing tap water, which fulfill the requirements: promotion of hydration, elimination of shrinkage and absorption of the heat of
hydration.
[bookmark: _Toc22592814]3.5 Experimental Tests
One of the important mechanical properties of concrete is the development of compressive strength over time. Therefore, we have tested concrete cubes for 7, 14 and 28 days’ age, in order to know the early age and long term strength values. The Graphene-reinforced concrete samples were compared with standard concrete; control sample group was produced following the same procedure. Compressive and tensile strength tests conducted on concrete cubes and cylinders respectively, which are the most widely used methods for assessing the mechanical properties of concrete. Therefore, in the following sections we have focused on these types of measurements to characterize the mechanical properties of Graphene-reinforced concrete and evaluate the effectiveness of this type of reinforcement.
To identify the samples easily each sample and group are labeled with abbreviations, the signification of each abbreviations are presented in table 4 below.
	Symbol
	Description of the symbol

	C1
	compressive control specimen  1.

	C2
	compressive control specimen  2.

	C3
	compressive control specimen  3

	HG1
	compressive specimen made with 50% replacement of water by Graphene solution 1.

	HG2
	compressive specimen made with 50% replacement of water by Graphene solution  2

	HG3
	compressive specimen made with 50% replacement of water by Graphene solution  3

	FG1
	compressive specimen made with 100% replacement of water by Graphene solution  1

	FG2
	compressive specimen made with 100% replacement of water by Graphene solution  2

	FG3
	compressive specimen made with 100% replacement of water by Graphene solution  3

	T1
	Tensile control specimen  1.

	T2
	Tensile control specimen  2.

	T3
	Tensile control specimen  3

	HGT1
	Tensile specimen made with 50% replacement of water by Graphene solution  1.

	HGT2
	Tensile specimen made with 50% replacement of water by Graphene solution  2

	HGT3
	Tensile specimen made with 50% replacement of water by Graphene solution  3

	FGT1
	Tensile specimen made with 100% replacement of water by Graphene solution  1

	FGT2
	Tensile specimen made with 100% replacement of water by Graphene solution  2

	FGT3
	Tensile specimen made with 100% replacement of water by Graphene solution  3


[bookmark: _Toc20347721]
[bookmark: _Toc22334507]Table 4; Abbreviations to the sample identification
[bookmark: _Toc22592815]3.5.1 Slump Test
Slump test was taken to evaluate workability of concrete paste prepared and if the slump result conforms the assumed value in mix design stage. In this case, the slump was chosen according to the desired grade of concrete for C-30, slump is chosen to be from 25mm to 75mm which are represented as shown figure 7 below.
[image: ]
[bookmark: _Toc22627688]Figure 7; Image of slump test
[bookmark: _Toc22592816]3.5.2 Compression Strength
The compressive strength of concrete specimens was conducted on three age intervals, 7,14 and 28 days old, using the test machine called ADR Touch Control PRO range.  The test was done by applying incremental axial load on the cubic specimen until the specimen failed by crushing. 
[image: ]
[bookmark: _Toc22627689]Figure 8; Image of compression Test

[bookmark: _Toc22592817]3.5.3 Splitting Tensile Strength
As compression test the splitting tensile test was conducted using the same machine. Despite compressive strength test, Tensile strength test conducted for samples 28 days older. The test was done by applying incremental line load across its length on the cylinder specimen until the specimen fail by splitting which are represented as shown figure 9 below.
[image: ][image: ]
[bookmark: _Toc22627690]Figure 9; Image of the splitting tensile test
[bookmark: _Toc22592818]3.5.4 Scanning Electron Microscope (SEM)
Dealing with Nano-materials it is mandatory to evaluate how using those materials affect the concrete C-S-H gel. To analyze how the Graphene incorporated with concrete were evaluated using scanning electron microscope at Addis Ababa science and Technology University. The test is conducted on all concentration level of Graphene solution made concrete specimens, at different level of lens magnification power.








[bookmark: _Toc22592819]CHAPTER FOUR
[bookmark: _Toc22592820]RESULT AND DISCUSSION
[bookmark: _Toc22592821]4.1 Introduction
Here the result obtained based on test conducted on concrete specimens is presented and discussed in detail. The chapter presents the results on three categories: test results at plastic state of concrete, test results of harden concrete specimens and test results of crushed samples using SEM.
[bookmark: _Toc22592822]4.2 Workability
Workability of the mix was tested through slump test. The slump values for all mix the three mixes presented in figure 10 below. As the graphical representation that there is not much significant effect on the workability of concrete, Graphene solution show slight increment on workability; 3mm increment for 50% Graphene solution replacement of mixing water to 5mm for 100% replacement with Graphene solution.

[bookmark: _Toc22627691]Figure 10.Image of the slump of the mix
[bookmark: _Toc22592823]4.3 Compressive Strength
Determining compressive capacity is important and foremost priority while dealing with any type of concrete, the production methodology and the compressive strength test conducted was explained in the previous chapters. As described in chapter 3 the compressive test was conducted on 7, 14 and 28 days old concrete specimens. The obtained results have presented, comparing ordinary concrete with Graphene reinforced concrete and cross comparison between each concentration level of Graphene reinforced specimens.
The compressive strength test results for 7 days’ strength conducted to know the early strength of concrete which is very important parameter in the construction industry, for example determination of the rate of gain in strength of concrete paste. The 7 days’ strength shown in table 5 below. 
	
	Concrete test specimens

	7 days old 
	C1
	C2
	C3
	HG1
	HG2
	HG3
	FG1
	FG2
	FG3

	Failure load in KN
	395.4
	442
	478.6
	547.9
	527.27
	621.4
	521.7
	450.2
	552.9

	Strength in Mpa
	17.57
	19.64
	21.27
	24.35
	23.43
	27.62
	23.18
	20.01
	24.57

	Average strength
	19.5 Mpa
	25.13 Mpa
	22.59 Mpa



[bookmark: _Toc22334508]Table 5;  7 days compressive result 
The Graphene reinforced concrete show an average 22.435 % more compressive strength at 7 days of age than conventional concrete sample, with 50% replacement of mixing water by Graphene solution. The compressive strength specimens made 100% replacement of mixing water by Graphene solution show an average 13.695 % more compressive strength than the conventional concrete which is represented as shown figure 11 below. 

[bookmark: _Toc22627692]Figure 11; Comparison of 7 days compressive strength
[bookmark: _Toc20347723]The 14 days of age Graphene reinforced concrete test results, which presented in table 6. The 14 days’ test was conducted to evaluate the effect of Graphene on strength development of concrete. The result obtained show an average 14.456% and 8.393 % increment in compression capacity than the conventional control concrete by replacing the mixing water 50% and 100% with Graphene solution as shown figure 12 below.
	
	Concrete test specimens

	14 days old
	C1
	C2
	C3
	HG1
	HG2
	HG3
	FG1
	FG2
	FG3

	Failure load in KN
	466.4
	577.8
	539.4
	764.55
	643.5
	715.05
	595.8
	640.57
	500.17

	Strength in Mpa
	20.73
	25.68
	24.30
	33.98
	28.60
	31.78
	26.48
	28.47
	22.23

	Average strength
	23.57Mpa
	27.55Mpa
	25.73Mpa



[bookmark: _Toc22334509]Table 6; 14 days compressive test result


[bookmark: _Toc22627693]Figure 12; 14 days compressive strength test result

The 28 days’ result also show an average 33.45% more compression capacity than the control by replacing 50% of mixing water by Graphene solution, specimens made with entirely mixing by the Graphene solution test result show an average 16.49 % improvement on compression strength as shown in figure 13 below. The results obtained from compression test are presented in table 7 below.  
	
	Concrete test specimens

	28 days old
	C1
	C2
	C3
	HG1
	HG2
	HG3
	FG1
	FG2
	FG3

	Failure load in KN
	764.6
	643.6
	715
	-
	1081
	1046
	842.8
	746.9
	919.6

	Strength in Mpa
	33.98
	28.6
	31.78
	-
	48.04
	46.95
	37.46
	34.67
	40.87

	Average strength
	31.45Mpa
	47.5Mpa
	37.67Mpa



[bookmark: _Toc22334510]Table 7; 28 days compression test result


[bookmark: _Toc22627694]Figure 13; Comparison of 28 days’ average strength

The obtained result of Graphene solution on compressive capacity of concrete is quit mandatory and formost important since, concrete not doughted for its compresstion stress resistance. Such imense  increment in compression strength  entirly change the concrete based constructon industry and  make concrete to be more structural effecent material. Using such structural capable material has made structures to be lighter and stronger, which provide two advantantages at time. The obtained increment in compression capacity is sumrized in figure 14 below.
Increment in compression strength can be utilized by reducing the cross-sectional dimenstion of structural elements, for structures mass is not mandatory like Dam. In such case, the structure become lighter makes the structures subjected to less deadload because of reduction in selfweight of the structure. Lighter have crusial advantage withstanding seviour Earth force like earth quake.


[bookmark: _Toc22627695]Figure 14; Percentage improvement of Graphene reinforced concrete

Such compression capacity improvement not only affect the structural aspect, but also have economical and enviromenntal impact. Material having enough early strength has made structures to built in much shorter period of time and cost. Not only the time and cost of construction will be affect but also the cost of material specially cement can be reduced due to the possiblity of reducing the cement content needed for concrete production. As consiquence of cement reduction needed for concrete production, provide additional benefit on reduction of global carbon emission, since cement industry contrbute about 5% emission of carbon per year.
4.4 Tensile Strength
As desried in chapter 3 the tensile strength of concrete specimens were collected from splitting tensile strength test. The resuts obtained show improvement in the tension capacity of concrete. The 28 days tensile strength each specimens shown in table 8 below.
	
	Concrete specimens

	28 Days Old
	C1
	C2
	C3
	HG1
	HG2
	HG3
	FG1
	FG2
	FG3

	Failure Load In KN
	74.18
	63.74
	68.96
	104.8
	137.5
	121.2
	78.62
	76.52
	74.41

	Strength In Mpa
	3.31
	2.83
	3.06
	4.66
	6.12
	5.38
	3.31
	3.40
	3.49

	Average Strength
	3.07 Mpa
	5.39 Mpa
	3.46 Mpa



[bookmark: _Toc22334511]Table 8; Tensile strength test result  

The specimens made with Graphene solution show improvement in tension capacity,the specimens made with repacing 50% of mixing water with Graphene solution shows 43% improvement in tension capacity and the specimens made with 100% replacment of mixing water with Graphene solution shows 7% improvement in tension capacity.The average tensile strength of each samples presented  figure 15  below.

[bookmark: _Toc22627696]Figure 15; Comparison of splitting tensile strength
[bookmark: _Toc22592824]4.5 Modulus of Elasticity 
Modulus of elasticity is calculated based on ES-EN 1992-2015 as presented in chapter 2 the calculated values of each of the sapmles presented and descussed in this chapter. This only to implicate the effect of Graphene solution on Modulus of Elasticity.
The Graphene  reinforced concrete shows improvement in modulus of elasticity, this is one of the crtical parameter needed to be considered in structural material evaluation, because of material having high modulus of elasticity has exhibited elastic high range of elastic deformation to resist the applied stress than those with less modulus of elasticity. 
From compressive strength test results for 7 days’ strength conducted to know the early strength of concrete, the Graphene reinforced concrete show 10% more calculated Modulus of elasticity than conventional concrete sample with 50% replacement of mixing water, and 7% more modulus of elasticity for 100% replacement of Graphene solution as shown in table 9 below. 
	
	Concrete Test Specimens

	7 days old
	C1
	C2
	C3
	HG1
	HG2
	HG3
	FG1
	FG2
	FG3

	Strength in Mpa
	17.57
	19.64
	21.27
	23.18
	20.01
	24.57
	24.35
	23.43
	27.62

	Modulus of Elasticity
	26.05
	26.94
	27.59
	28.31
	27.09
	28.81
	28.73
	28.40
	29.84

	Average Modulus of elasticity
	26.86 Mpa
	28.07 Mpa
	28.99 Mpa




[bookmark: _Toc22334512]Table 9; Calculated 7 days modulus of elasticity 

	
	Concrete Test Specimens

	14 days old
	C1
	C2
	C3
	HG1
	HG2
	HG3
	FG1
	FG2
	FG3

	Strength in Mpa
	17.57
	19.64
	21.27
	23.18
	20.01
	24.57
	24.35
	23.43
	27.62

	Modulus of elasticity
	27.38
	28.72
	29.19
	30.11
	27.96
	29.46
	31.95
	33.56
	32.7

	Average Modulus of elasticity
	28.43
	29.17
	32.74


 The 14 days of age Graphene reinforced concrete show 13% and 3% increment in Modulus of elasticity than the control concrete specimens for replacing the mixing water by 50% and 100% respectively as shown in table 10 below. 

[bookmark: _Toc22334513]Table 10; Calculated 14 days modulus of elasticity 

Calculated modulus of elasticity using 28 days’ compressive strength values also show enhanced value of modulus of elasticity. The calculated values presented in table 11 below.
	
	Concrete Test Specimens

	28 days old
	C1
	C2
	C3
	HG1
	HG2
	HG3
	FG1
	FG2
	FG3

	Strength in Mpa
	17.57
	19.64
	21.27
	23.18
	20.01
	24.57
	24.35
	23.43
	27.62

	Modulus of elasticity
	30.66
	29.21
	29.54
	31.75
	30.15
	31.12
	34.88
	35.23
	

	Average Modulus of elasticity
	29.80
	31.07
	35.05



[bookmark: _Toc22334514]Table 11; Calculated 28 days modulus of elasticity 
Based on the calculated values, 15% improvement on average modulus of elasticity than the conventional concrete by replacing 50% of mixing water by Graphene solution was obtained. For specimens made with 100% replacement of mixing water by the Graphene solution calculated results show 4% improvement on average Modulus of elasticity. The effect of Graphene on Modulus of elasticity of concrete is quit important. Since concrete  modulus of elasticity used as vital parameter to select a material as structural frame work. 

[bookmark: _Toc22627697]Figure 16; Calculated modulus of elasticity percentage improvement
Based on this resarch the Graphene incorporation shows improvement to compressive, tensile and calculated modulus of elasticity as shown in figure 16, thus the maximum improvement to the concrete property is obtained using 50% replacement of the mixing water by the Graphene solution.


[bookmark: _Toc22592825]4.6 SEM Results and Discussion 
Until this point I have shown that how much Graphene based solution improved the mechanical capacity of concret, now I will discuss how this improvement are came from and how Graphene cause such termendious improvement on conrete based on the result obtained from scanning electron micro-scope. The obtaind result disscused on two catagories, 1) compressive strength and  tensile stength and 2) permiability of concrete.
[bookmark: _Toc22592826]4.6.1 Compressive and Tensile Strength Evaluation based on SEM
Concrete is composite material made from cement, fine and coarse aggretgate blended with water as mixer, such blending of cement is cause chemical reaction and hence  the cement powder  transform to fibrous crystals (Figure 17) containing mainly calcium silicates, alumina ferrites, and calcium hydroxide (Ca(OH)2).
[image: ]
[bookmark: _Toc22627698]Figure 17; SEM image of conventional concrete
These silicate crystals form the calcium silicate hydrate (C–S-H) gel have given the mechanical properties of concrete. Addition of Graphene improves the mechanical property of concrete by integrating and forming bond with these crystal formations as presented (figure 18 and 19).

[image: ][image: ][image: ][image: ]
[bookmark: _Toc22627699]Figure 18; SEM image of 50% mixing water replaced Graphene reinforced concrete

	
Due to Graphene high modulus of elasticity and wide surface area, the formed crystalline have meshed crystal structure by making Graphene as center of boding, this create much strong crystal because of high modulus of elasticity of Graphene the concrete elastic stress resistance capacity is increased. Moreover, the incorporation of Graphene minimized capillary cavities and crack voids in concrete crystalline matrix, this is very much important because compressive and other mechanical property are highly dependent on capillary cavities of concrete.
[image: ][image: ][image: ][image: ] 
[bookmark: _Toc22071514][bookmark: _Toc22627700]Figure 19; SEM image of100% mixing water replaced Graphene reinforced concrete


[bookmark: _Toc22592827]4.6.2 Permeability of Graphene Reinforced Concrete based on SEM
Permeability of concrete is one of the crucial properties of concrete, which determine the durability of concrete. Generally, the durability of concrete depends on the capacity of a water to enter its crystalline matrix of concrete. The addition of Graphene solution to concrete mix in replacement of mixing water show change on crystalline matrix of concrete.
As presented in figure 18 and 19 the Graphene plate minimizes and cover the capillary cavities formed, which is critical to minimize the permeability, since one of two main pathways to infiltrate into concrete is through capillary cavities, the other is due to shrinkage, creep and load caused cracks.








[bookmark: _Toc22592828]CHAPTER FIVE
[bookmark: _Toc22592829]CONCLUSION AND RECOMENDATION
[bookmark: _Toc22592830]5.1 Conclusion
The effect of Graphene was studied based on applying two concentration level of Graphene based solution to replace the mixing tap water. The production of Graphene is choosing to be as simple as possible, can be upgrade to industrial level mass production and much easy to incorporate Graphene Solution Onsite production of concrete, also Graphene production to be environmental friendly.
Based on this, shear exfoliation method satisfied all the conditions described. The Graphene reinforcement effect was investigated by classifying the specimens by ages 7,14 and 28 for compressive strength and 28 days old for splitting tensile strength.
Based on result obtained and disscussed in chapter 4, the following conclusions are made:
1. Addition of Graphene sloution shows improvement on basic compression capacity of concrete specially on compressive capacity of concrete by 33% more capacity than the conventional concrete. There for Graphene reinforced concrete is better than the conventional concrete.
2. Due to addition of the Graphene based solution tensile strength capacity is improvemed by 43%, From this, Graphene reinforced concrete have much better tensile capacity than convental concrete.
3. From the obtained results the 50% replacement of mixing water by Graphene solution show much more improvement than those made with 100% replacement of mixing water. Therefor,better concrete capacity is obtained by using 50% replacement than 100% replacement of mixing water.
[bookmark: _Toc22592831]5.2 Recommendation 
The present study describes a convenient, economic and user-friendly protocol for the successful produce of Graphene reinforced concrete using liquid phase shear exfoliated Graphene Nano-plates. 
The outcomes from this research revealed that most of the Graphene solution could serve as lead for the development of better structural material.
It is expected that additional progress could contribute further development of Graphene reinforced concrete, for these reason the following recomendtions will be set:
· Further investigation on the effect of Graphene solution for other different strength of concrete classes.
· Analysis of modulus of elasticity based on direct test approch has to investigated.
· Another investigation has to made on the effect of using the locally avaliable natural Graphite for Graphene production.
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APPENDIX
[bookmark: _Toc22592834][bookmark: _Toc20174721]Appendix A: Graphene production
A method of shear-exfoliation of Graphite to give Graphene that is industrially scalable. This involves using a high-shear, house hold mixer in this case Philips 7761 model to produce Graphene in stabilizing solvents as well as polymer- or surfactant solutions.
Equipment’s and ingredients’
Shear applying machine –Philips 7761 model house hold food processing machine. With rotation capacity up to 21000rpm, with blender capacity 1000ml for things that foam but for others 1750ml and 2 min working capacity for blender with 750Watt motor power.
[image: ]
[bookmark: _Toc22588114]Figure A 1; Philips 7761 house hold blender (food processer)
The blender is mixing Graphite powder in an aqueous surfactant solution. The surfactant used is the household detergent, Ariel. 
Producing Graphene was done by adding 500ml of distilled water to blending jar, adding 100mg/ml of Graphite powder and one to eight by ratio (1:8) to the Graphite the surfactant will be added meaning for 1mg of surfactant 8mg of Graphite. Applying shear by starting the mixer and operate the mixer for two minute without any interruptions and let to rest for about 1minute and doing this for 45 operation minutes. Then the solution poured out from the jug and let to decant for two weeks and the supernatant is collected.
[image: ]
[bookmark: _Toc22588115]Figure A 2; Collected supernatant





[bookmark: _Toc20174722][bookmark: _Toc22592835][bookmark: _Toc20174723]Appendix B1: Material Quality Tests and Mix Design
The quality of material has been evaluated based ASTM procedures and used when they meet the required quality.
Coarse Aggregate 
First of all the purchased aggregate was washed to clean the dust and mud on its surface and set to dry on plastic rug after that the following aggregate quality test has been conducted.
The Bulk Density
The bulk density of aggregate was done based on ASTM C29-99 method and procedure. The materials used to calculate the Balace, tamping rod and measure cylinder should be water tight capacity of the measure is depends on maximum aggregate size see table on ASTM C29-99.Since our aggregate maximum size is less than 37.5mm can use the Jigging Procedure.
Jigging Procedure
Step1 seive the aggregate sample on seive size 37.5mm remove the retained and collect the passed samples.
Step2 fill the measure in three layer by blowing each layer 25 times by the tamping rod and roll the rod over the measure to trime the fill.
Step3 determine the measure containing the aggregate mass (G) and the measure alone (T) and record the values.
Step4 determine the voume of the measure (V) using water by filling the measure or by calculation of its internal dimenstion using water is accurate and specifed by the ASTM.
Step 5 calculating the bulk density (M) using the formula given

# in this case I measure the following
G=15.3 Kg ,T=8.15Kg and 0.05m3

M=1347.9Kg/m3
The values obtained from the test are summerized below
	Dry Density
	
	
	

	Mold + Sample Aggregate
	15.27
	
	

	Mold Mass
	8.13
	
	

	Mold Volume
	0.053
	
	

	Silt Content
	3.8%
	
	

	
	dry density
	1347.9Kg/m3
	


[bookmark: _Toc22315447]
Table B 1; summary of dry density of coarse aggregate
Specific gravity and absorption
The test is conducted based on ASTM C127 procedure. Equpment needed for this test procedure are balance, nested can to submerge the sample, towl to dry the surface and oven.
A sample of aggregate is immersed in water for approximately 24 h to essentially fill the pores. It is then removed from the water, the water dried from the surface of the particles, and
weighed. Subsequently the sample is weighed while submerged in water. Finally, the sample is oven-dried and weighed a third time. Using the weights thus obtained and formulas in this test method, it is possible to calculate three types of specific gravity and absorption. (from ASTM)
A=weight of oven dry test sample
B=weight of saturated-surface-dry test sample in air
C1= weight of saturated test sample in water before soaking in water
C2= weight of saturated test sample in water after soaking in water
Bulk Specific gravity (Bsp)
Bsp==A/(B-C1)
A=4.98Kg, B=5.035Kg and C1=3.04Kg
Bsp=4.98/ (5.035-3.04)
Bsp=2.49624
Bulk saturated Specific gravity (Bssp)
Bssp==A/(B-C2)
A=4.98Kg, B=5.035Kg and C=3.07Kg
Bssp=4.98/ (5.035-3.07)
Bssp=2.53435
Absorption (Ab)
Ab=(B-A)/A
Ab= (5.035-4.98)/4.98
Ab=1.10%
The sumirzed calculated values are presented below in table B2.
	SPECIFIC GRAVITY OF COARSE

	submerged weight before 24hr
	3.04kg
	
	Bulk Specific Gravity
	

	submerged weight after 24hr.
	3.07kg
	
	Bulk  Specific Gravity Saturated Surface Dry
	2.53

	saturated surface dry
	5.035kg
	
	Absorption
	1.10%

	
	
	
	Apparent
	2.56

	oven dry
	4.98kg
	
	Moisture
	0.40%


[bookmark: _Toc22315448]Table B 2; Summary of specific gravity of fine aggregate

Sieve Analysis
Coarse Aggregate
For increasing accuracy the gradition test id done twice for a sample.the test is done based on ASTM C136. The equpments used are balance, seives and shaker machine.
[bookmark: _Toc22315449]Procedure is that assembling the seives in desending order and fix on the shaking machine, aplly 2Kg weighted sample on the top and start saking for several meinutes, after doing this measure each saple retained on the seive and record the data, the value obtained in this research  presented Table B 3 below.
	SIEVE NO
	SIEVE SIZE
	RETAINED          MASS
	CUMULATIVE % RETAINED
	% Finer by mass

	
	37.5
	0
	0
	100

	
	25
	0.38
	19
	81

	
	19.5
	0.995
	49.75
	50.25

	
	14
	1.64
	82
	18

	
	10
	1.92
	96
	4

	
	9.5
	1.945
	97.25
	2.75

	
	4.75
	1.995
	99.75
	0.25

	Pan
	0
	2
	100
	0



[bookmark: _Toc22315450]Table B 3; First sieve analysis for coarse aggregate


[bookmark: _Toc22588116]Figure A 3;First sieve analysis for coarse aggregate


	SIEVE NO
	SIEVE SIZE
	RETAED          MASS
	CUMULATIVE % RETAINED
	% Finer by mass

	
	37.5
	0
	0
	100

	
	28
	0.14
	7
	93

	
	25
	0.28
	14
	86

	
	20
	0.582
	29.1
	70.9

	
	14
	1.245
	62.25
	37.75

	
	10
	1.66
	83
	17

	
	9.5
	1.705
	85.25
	14.75

	
	4.75
	1.99
	99.5
	0.5

	Pan
	0
	2
	100
	0


 
[bookmark: _Toc22315451]Table B 4; Second sieve analysis for coarse aggregate

[bookmark: _Toc22588117]Figure A 4; Second sieve analysis for coarse aggregate
To determine the gradition quality using D10, D30 and D60 percentage pass for this aggregate size calculated  the uniformity coefficent.

For 1st analysis
Uniformity coefficent  (UC) finess modulus (FM)and cofficent of curvature (CC)
D10=12, D30=16 and D60=21
FM=/100
FM= 4.4375


UC=21/12          CC=(162)/(12*21)
UC=2.27 CC=1.09
There for the Aggregate is WELL GRADED
For second Analysis
Uniformity coefficent  (UC) finess modulus (FM)and cofficent of corilation (CC)
D10=7.9, D30=13 and D60=18
FM=/100
FM= 3.08


UC=18/13          CC=(132)/(7.9*18)
UC=1.81 CC=1.035
There for the Aggregate is WELL GRADE
Fine Aggregate 
Seive Analysis for fine aggregate is done based on ASTM C136 as of the coarse aggregate here we only use 500gm of fine aggregate sample. Since the procedure is the same only calculation the results are presented in Table B 5.

	Sieve No
	Sieve Size
	Retained Mass
	Cumulative % Retained
	% Finer By Mass

	4
	4.75
	0.00
	0.00
	100.00

	8
	2.36
	0.05
	10.10
	89.90

	16
	1.18
	0.17
	33.33
	66.67

	30
	0.6
	0.35
	70.71
	29.29

	50
	0.3
	0.46
	92.93
	7.07

	100
	0.15
	0.49
	98.99
	1.01

	pan
	0
	0.50
	100.00
	0.00



[bookmark: _Toc22315452]Table B 5; First sieve analysis for fine aggregate

[bookmark: _Toc22588118]Figure A 5; First sieve analysis for fine aggregate



	Sieve No
	Sieve Size
	Retained Mass
	Cumulative % Retained
	% Finer By Mass

	4
	4.75
	0.00
	0.00
	100.00

	8
	2.36
	0.02
	4.08
	95.92

	16
	1.18
	0.18
	36.73
	63.27

	30
	0.6
	0.37
	75.51
	24.49

	50
	0.3
	0.45
	91.84
	8.16

	100
	0.15
	0.49
	100.00
	0.00

	pan
	0
	0.49
	100.00
	0.00



[bookmark: _Toc22315453]Table B 6; Second sieve analysis for fine aggregate

[bookmark: _Toc22315454]Table B 7; Second sieve analysis for fine aggregate
To determine the gradition quality using D10, D30 and D60 percentage pass for this aggregate size has been calculated the uniformity coefficent.
For 1st analysis
Uniformity coefficent  (UC) finess modulus (FM)and cofficent of curvature (CC)
D10=0.34, D30=0.61 and D60=1.08
FM=
FM= 3.06


UC=1.08/0.34          CC=(0.612)/(0.34*1.08)
UC=3.18   CC=1.02
Therefor the Aggregate is WELL GRADED
For second Analysis
Uniformity coefficent  (UC) finess modulus (FM)and cofficent of corilation (CC)
D10=0.33, D30=0.68 and D60=1.06
FM=/100
FM= 3.08


UC=1.06/0.33          CC=(0.682)/(0.33*1.06)
UC=3.17  CC=1.32
Therefor the Aggregate is WELL GRADED
Specific gravity of fine aggregate
The test is conducted based on ASTM C128,the equipment needed for this test are balance, picometer,Flask and mold and tamper for surface moisture test,sample 500mg of fine aggregate 
Test Procedure
Partially fill the pycnometer with water. Introduce into the pycnometer 500 gm of saturated surface-dry fine aggregate prepared, and fill with additional water to approximately 90 % of capacity. Agitate the pycnometer manually roll, invert, and agitate the pycnometer to eliminate all air bubbles. Remove the fine aggregate from the pycnometer, dry to constant mass at a temperature of 110 °C, cool in air at room temperature for 1.5 hr., and determine the mass. Determine the mass of the pycnometer filled to its calibrated capacity with water. Record all the data available
A=mass of oven dry specimen
B= Mass of pycometer filled with water at calibration mark
C=Mass of pycometer filled with water and fine aggregate to calibration mark.
S = mass of saturated surface-dry (initial sample= 500mg))
In this test
A=0.48Kg, B=2.32Kg, S=and C=2.61Kg
Specific Gravity (SD)


= 2.41
Saturated Specific Gravity (SSD)


=2.53
Absorption


=4.17%
The calculated values are summarized in table B8 below.
	SPECIFIC GRAVITY OF SAND

	Sample SIZE
	500mg
	
	
	
	

	Sample + pycometer+ water
	2.61kg
	
	
	
	

	mass of pycometer
	0.335kg
	
	
	bulk specific gravity
	2.41

	pycometer fill with water till the indication
	2.32kg
	
	
	apparent=2.53
	

	volume of pycometer
	2000 ml
	
	
	absorption
	4.17%

	sample oven dry mass
	0.48 kg
	
	
	moisture
	4.17%



[bookmark: _Toc22315455]Table B 8; Summary of specific gravity for fine aggregate
Silt Content of Fine Aggregate 
The test is conducted to determine the amount of silt content on fine aggregates the ASTM stets maximum limitation for to 6% of the fine aggregate by volume.
Equipment’s used are cylinder which have volume measurement on its surface and capable of having 1000ml of water, balance.
Procedure 
Weigh 500mg of fine aggregate and poured to the cylinder then add water until the reading is equal to 1000ml, know cover the top of cylinder with hand and sake for few minutes and set to precipitate by itself in leveled place, after 1 hr read the amount of dust which accumulate at the top of the fine aggregate.

Calculation 
Silt content= (volume of silt /total volume of sand) *100
Silt content in our case
S=3.08%
[bookmark: _Toc20174724]




















[bookmark: _Toc22592836][bookmark: _Toc20174725]Appendix B2; Mix Design
All the calculated values necessary for mix design are tabulated below
	
	Parameters 
	tested value

	Fine
	 
	 

	 
	Bulk specific gravity
	2.41

	 
	Absorption
	4.20%

	
	Silt content
	3.80%

	 
	Fines modules
	3

	Coarse
	 
	 

	 
	Bulk specific gravity
	2.496

	
	Bulk saturated surface dry specific gravity 
	2.534

	 
	Absorption
	1.10%

	 
	Dry density
	1347.9



[bookmark: _Toc22315456]Table B 9; Summary of test value for mix design
Choosing appropriate slump value between 75 to 100 mm and having the maximum
aggregate size of 28 mm weight of water and air contents can be estimated using ACI (
A1.5.3.3 TABLE A1.5.3.3 ) therefore the approximate weight of water estimated from
the code is 187 kg/m3 and with non-air entrained concrete with water to cement ratio 0.61 value from the above table. 
W/C=0.61 since W=187Kg/m3
Cement Content =(187Kg/m3)/0.61
= 306.557 Kg/m3
Using Table A1.5.3.6 the content of coarse aggregate calculated after having the value of
fineness modulus is 3 and maximum aggregate size 28mm. Interpolation the vale from table became then the weight of course aggregate calculated as, 0.6596 *1347.9Kg/m3
Weight of course aggregate = 0.6596 *1347.9Kg/m3 =889.01 Kg/m3
Fine Aggregate content can be estimated by volume can be determined by dividing each sample weight by density of itself.
Water

Were 1000 is unit weight of water
Vw =0.187 m3
Cement

Vc =0.0973 m3
Coarse Aggregate


Vca =0.3629 m3
Assuming 1% of air contribution of the whole volume Va=1%
V of concrete =Va + Vw + Vc + Vca + Vfa
1m3=Vfa-(0.187+0.0973+0.3629)
Vfa=0.3428m3
Calculating the weight of fine aggregate


Correction absorption and moisture content of the aggregates
Absorption fine aggregate Apfg=4.17%
Absorption coarse aggregate Apcg=1.10 %
Moisture content coarse aggregate Mpfg=0.4%
Moisture content fine aggregate Mpcg=0.5%
Net absorption =Ap - Mp
Were Ap= absorption and Mp= moisture content
For fine aggregate
Net absorption=4.17-0.4
=3.77%
For coarse aggregate
Net absorption=1.10-0.5
=0.6%
Corrected weight of Fine aggregate
= (1+0.0377) *826.195
=857.342 Kg
Corrected weight of coarse aggregate
= (1+0.006) *889.01
=894.01 Kg
Proportioning to my size of sample
27 cubes of 150*150*150 mm sized are used for compression and 9 cylinders of 150 diameters with 300mm depth are used for splitting test
Total volume needed 10% wastage
=27*(0.003375) m3+9*(0.0052988) m3
=1.1*0.138813
=0.15269m3
Amount of ingredients for 0.15269m3
Water = 181.26*0.15269
=27.67 Kg
Coarse aggregate = 0.15269*894.01
=136.506 Kg
Fine Aggregate = 0.15269*857.342
=130.91 Kg
	Based on mass basis all in kg
	Mixing ratio

	fine aggregate
	857.342
	2.79668

	coarse aggregate
	894.01
	2.91629

	water
	181.27512
	-

	cement
	306.55738
	1



[bookmark: _Toc22315457]Table B 10; Mix ratio for concrete









[bookmark: _Toc22592837]Appendix C: Graph of compressive test result 

[bookmark: _Toc22588119]Figure A 6; Load- time for 7 days obtained from compression machine


[bookmark: _Toc22588120]Figure A 7; Load- time for 14 days obtained from compression machine


[bookmark: _Toc22588121]Figure A 8; Load- time for 28  days obtained from compression machine


Graphene production methods


Top-down method


Mechanical exfoliation


Chemical exfoliation


Bottom-up method


Pyrolysis


Shear exfoliation


 Shear mixer


Ultra-sound sonication


Schocth-tape


AFM tips


Epitaxial growth


CVD


Plasma


Thermal


Slump test result

0	0.5	1	50	53	55	Graphene concentration in %

slump value in mm


7 Days compresssive strength
0%	DAY7	DAY14	DAY28	17.573777777777778	19.643555555555558	21.270222222222223	50%	DAY7	DAY14	DAY28	24.353022222222222	23.434044444444442	27.617284222222221	100%	DAY7	DAY14	DAY28	23.184533333333334	20.009066666666666	24.571866666666665	
Compressive strength in Mpa



14 Days compresssive strength
0%	DAY14	24.303111111111114	20.727	25.675066666666691	50%	DAY14	37.458148000000001	34.673000000000002	40.870755555555554	100%	DAY14	26.481422222222147	22.23	28.474	
Compressive strength in Mpa



28 days compressive strength

0%	33.979999999999997	28.6	31.78	50%	47.5	48.04	46.95	100%	37.46	34.67	40.869999999999997	28 days


compressive strength in Mpa




% Improvement In Compression Strength
50%	DAY7	DAY14	DAY28	0.27837384545472832	0.16175137406925519	0.22982209072146387	0.35119293374805632	0.40221497995558603	0.37179858023993323	0.35643679629708591	0.46431561487303452	0.43787580213228372	100%	DAY7	DAY14	DAY28	0.24200424804275683	1.826727439116476E-2	0.13436685495788309	8.2258086171940928E-2	6.7611336032388822E-2	9.8297862377374118E-2	0.11077658703482321	0.10021894146695477	0.15981958672773736	
% Improvement in strength



28 days average Splitting Strength

0	0.5	1	3.0649111111111167	5.3882888888888889	3.4008666666666665	Graphene Concentration

Tensile Strength in Mpa


50%	DAY7	DAY14	DAY28	9.3237231858464734E-2	5.1555647097419798E-2	7.5350120659602324E-2	0.12171660624217887	0.1430341644738283	0.13017942962349285	0.12123117949963708	0.17077440974485453	100%	DAY7	DAY14	DAY28	7.9762278415412349E-2	5.515587340967079E-3	4.2364663262947924E-2	2.5422972688733936E-2	2.0856268335486598E-2	3.0460741263823296E-2	3.4608953372352508E-2	3.1184554609888591E-2	5.0900453579193809E-2	


1st Coarse Aggregate
37.5	25	19.5	14	10	9.5	4.75	0	100	37.5	25	19.5	14	10	9.5	4.75	0	100	81	50.25	18	4	2.75	0.25	0	Grain size in log scale

% Finer by mass


2nd Analysis
37.5	28	25	20	14	10	9.5	4.75	0	100	37.5	28	25	20	14	10	9.5	4.75	0	100	93	86	70.900000000000006	37.75	17	14.75	0.5	0	Grain size in log scale

% Finer by mass


1st Analysis
4.75	2.36	1.1800000000000026	0.60000000000000064	0.30000000000000032	0.15000000000000024	0	100	89.898989898989655	66.666666666666657	29.292929292929195	7.0707070707070585	1.0101010101010104	0	Grain size in log scale

%Finer by mass


2nd Analysis
4.75	2.36	1.1800000000000026	0.60000000000000064	0.30000000000000032	0.15000000000000024	0	100	4.75	2.36	1.1800000000000026	0.60000000000000064	0.30000000000000032	0.15000000000000024	0	100	95.91836734693878	63.265306122449125	24.489795918367264	8.1632653061224403	0	0	Grain size in log scale

% Finer by mass


7 days 100% replaced
6.9889999999999999	7.617999999999987	8.0740000000000016	8.7360000000000007	9.4810000000000034	10.351000000000004	11.179	12.006	12.918000000000001	14.036	14.988	15.982000000000006	17.059000000000001	18.3	19.501000000000001	20.907999999999987	22.274999999999999	23.681999999999999	25.254999999999999	26.954000000000001	28.609000000000005	30.431000000000001	32.502000000000002	34.903000000000006	37.18	39.498000000000012	42.024000000000001	44.839000000000006	47.489000000000004	50.18	52.913000000000004	55.894000000000005	58.751000000000005	61.691000000000003	64.628999999999948	67.775999999999982	70.715999999999994	73.863	77.051000000000002	80.569999999999993	83.881999999999991	87.236000000000004	90.631	94.191000000000003	97.337999999999994	100.485	103.67299999999985	107.357	110.877	114.479	118.12199999999999	122.139	125.989	129.964	134.435	138.61599999999999	142.88200000000043	147.18700000000001	152.072	156.50299999999999	160.97399999999999	165.43	170.27699999999999	174.71199999999999	179.107	183.41900000000001	188.101	192.45500000000001	196.80800000000033	201.202	206.00800000000001	210.44300000000001	214.83800000000033	219.232	223.87300000000002	228.02100000000004	232.16900000000001	236.27599999999998	240.71099999999998	244.61299999999997	248.51499999999999	252.375	256.565	260.46599999999921	264.5319999999989	268.59799999999933	273.07599999999934	277.26400000000001	281.57599999999934	285.68400000000008	290.07799999999969	293.85599999999999	297.67599999999999	301.66000000000008	306.05500000000001	310.16199999999969	314.26900000000001	318.41599999999914	323.05700000000002	327.32799999999969	331.55500000000001	335.74200000000002	340.37900000000002	344.60599999999999	348.79099999999914	352.97799999999921	357.53299999999933	361.71899999999908	365.98699999999889	370.173	374.76900000000001	378.95599999999934	383.1	387.20400000000001	391.71899999999908	395.94600000000003	400.09099999999921	404.15300000000002	408.62700000000001	412.68900000000002	416.75299999999999	420.77499999999969	425.125	429.06400000000002	432.84000000000032	436.53299999999933	440.47299999999933	444.04399999999993	447.57299999999969	451.14299999999997	454.9189999999989	458.32499999999999	461.65000000000032	464.97299999999933	468.46199999999908	471.58099999999934	474.577	477.81900000000002	480.65100000000001	483.44099999999969	486.19099999999969	489.26799999999969	491.97399999999908	494.67599999999999	497.33599999999933	500.07900000000001	502.49400000000003	504.78699999999884	506.95699999999908	509.20800000000003	511.09099999999921	512.85199999999804	514.40699999999947	516.04399999999998	517.43599999999947	518.78700000000003	519.80999999999949	520.75199999999938	521.24300000000005	521.57000000000005	521.65199999999948	521.65199999999948	521.53	521.16199999999947	520.42499999999939	519.35999999999865	518.09100000000001	516.53599999999949	514.65199999999948	512.19600000000003	509.53599999999921	506.54700000000008	503.108	498.892	494.34800000000001	489.18700000000001	483.56400000000002	6.2910000000000004	6.5750000000000002	6.968	7.54	8.1820000000000004	8.9330000000000016	9.6479999999999997	10.362000000000025	11.148	12.113	12.935	13.793000000000001	14.722	15.794	16.829999999999988	18.045000000000002	19.224999999999987	20.439	21.797000000000001	23.261999999999986	24.690999999999999	26.261999999999986	28.05	30.122	32.088000000000001	34.089000000000006	36.268000000000086	38.698000000000086	40.984999999999999	43.308	45.665000000000013	48.239000000000011	50.705000000000013	53.241	55.777000000000001	58.493000000000002	61.03	63.746000000000002	66.498000000000005	69.534000000000006	72.393000000000001	75.287000000000006	78.218000000000004	81.290999999999997	84.007000000000005	86.721999999999994	89.474000000000004	92.652999999999949	95.69	98.8	101.94400000000019	105.41000000000012	108.732	112.163	116.02200000000001	119.631	123.312	127.02800000000001	131.24399999999972	135.06800000000001	138.92700000000033	142.77299999999997	146.95500000000001	150.78300000000002	154.57499999999999	158.297	162.33800000000033	166.095	169.8520000000004	173.64499999999998	177.792	181.62	185.41200000000001	189.20499999999998	193.20999999999998	196.791	200.37	203.91499999999999	207.74299999999999	211.10999999999999	214.477	217.809	221.42500000000001	224.792	228.30100000000004	231.81	235.67399999999998	239.28900000000002	243.011	246.55500000000001	250.34800000000001	253.60900000000001	256.904	260.34300000000002	264.13599999999963	267.68099999999993	271.22499999999934	274.80500000000001	278.81	282.4959999999989	286.1440000000008	289.75700000000001	293.75900000000001	297.4069999999989	301.02	304.63200000000001	308.56400000000002	312.17599999999999	315.86	319.47199999999884	323.43899999999877	327.053	330.62900000000002	334.17	338.06700000000001	341.71499999999969	345.29299999999921	348.79899999999884	352.66	356.166	359.67200000000008	363.14299999999997	366.89799999999963	370.29799999999921	373.55700000000002	376.74400000000031	380.14499999999998	383.2259999999992	386.27099999999933	389.35300000000001	392.61099999999999	395.55099999999999	398.41999999999933	401.28799999999927	404.3	406.99099999999908	409.577	412.37400000000002	414.81799999999993	417.22699999999884	419.6	422.25599999999969	424.59099999999921	426.92299999999921	429.21899999999908	431.58599999999933	433.67	435.6490000000008	437.52199999999908	439.464	441.09	442.60899999999964	443.952	445.36500000000001	446.56599999999969	447.73200000000003	448.61500000000001	449.42799999999914	449.85199999999969	450.13400000000001	450.20400000000001	450.20400000000001	450.09899999999908	449.78099999999921	447.81599999999969	440.964	434.1490000000008	427.22099999999921	419.46499999999969	412.274	405.08300000000003	397.36399999999969	390.512	6.9130000000000003	7.3310000000000004	7.7869999999999999	8.3950000000000067	9.0780000000000012	9.6479999999999997	10.256	10.901	11.509	12.079000000000002	12.725	13.408000000000001	14.244	15.004	15.839	16.751000000000001	17.853000000000005	18.991999999999987	20.132000000000001	21.385000000000002	22.904999999999987	24.461999999999989	26.132999999999999	28.032	30.349	32.78	35.363	38.288000000000011	41.783000000000001	45.277000000000001	49.038000000000011	53.178000000000011	57.887999999999998	62.484000000000002	67.421999999999997	72.474000000000004	78.286000000000001	83.717000000000027	89.301000000000002	95.075000000000003	101.456	107.458	113.649	119.87799999999999	126.792	133.32500000000007	139.8580000000004	146.54300000000001	153.80600000000001	160.55000000000001	167.33200000000033	174.15200000000004	181.726	188.65900000000002	195.62900000000002	202.6	210.286	217.21899999999999	224.22800000000001	231.23599999999999	238.92200000000034	245.93100000000001	252.93900000000002	259.947	267.55799999999999	274.45400000000001	281.31099999999969	288.16899999999993	295.62900000000002	302.48499999999933	309.3	316.15199999999999	323.5319999999989	330.346	337.161	343.90099999999927	351.28	357.98200000000003	364.68400000000008	371.91299999999927	378.53899999999908	385.01499999999999	391.45299999999969	398.34300000000002	404.63099999999969	410.80599999999993	416.86700000000002	423.26799999999969	428.95299999999969	434.1490000000008	438.93099999999896	444.01400000000001	448.83300000000003	453.68099999999993	458.52499999999969	463.67099999999999	468.21499999999969	472.75900000000001	477.303	482.18599999999969	486.505	490.71099999999933	494.61700000000002	498.71099999999933	502.35399999999993	505.959	509.56400000000002	513.39499999999998	516.81299999999828	520.11800000000005	523.3479999999978	526.69000000000005	529.65699999999947	532.43599999999947	535.14	537.88199999999949	540.17300000000159	542.20100000000002	543.96599999999842	545.50599999999997	546.66999999999996	547.49599999999998	548.13499999999999	548.8479999999978	549.48699999999997	550.20000000000005	550.95099999999866	551.66499999999996	552.19100000000003	552.60400000000004	552.82899999999938	552.86699999999792	552.60400000000004	552.04099999999949	551.17700000000002	549.75	548.17200000000003	546.18200000000002	543.81599999999946	540.548	536.98	532.99900000000002	528.83099999999865	523.94799999999816	519.06599999999946	513.73299999999949	507.91199999999884	501.34000000000032	495.18	488.98299999999921	482.63599999999963	475.53799999999927	468.85300000000001	462.09299999999934	455.25799999999964	447.81599999999969	440.964	434.1490000000008	427.22099999999921	419.46499999999969	412.274	405.08300000000003	397.36399999999969	390.512	TIME -Sec

LOAD -KN



7 days control 
C1	6.3810000000000002	6.9340000000000002	7.0289999999999955	7.0439999999999996	7.0669999999999975	7.149	7.593	7.9169999999999998	8.3240000000000016	8.4560000000000048	8.7760000000000016	9.0570000000000004	9.1479999999999997	9.2409999999999997	9.4260000000000002	9.5890000000000004	9.6020000000000003	9.8090000000000028	9.9270000000000014	10.32	10.459000000000021	10.547000000000001	10.66	10.742000000000001	10.989000000000004	11.494	12.157	12.852000000000027	13.61	14.589	15.789	17.114999999999998	18.503	19.893999999999988	21.756	23.491999999999987	25.481999999999989	27.597000000000001	30.155000000000001	32.587000000000003	35.050000000000004	37.702000000000012	40.639000000000003	43.386000000000003	46.165000000000013	49.039000000000001	52.323	55.416000000000004	58.511000000000003	61.7	65.236999999999995	68.551999999999992	71.930999999999997	75.342000000000013	79.131	82.603999999999999	86.203999999999994	89.960000000000022	94.128999999999948	98.106999999999999	102.24400000000017	106.44400000000019	111.24400000000017	115.696	120.17999999999998	124.727	129.738	134.405	139.167	143.92700000000033	149.18900000000002	154.01300000000001	158.83700000000007	163.72300000000001	169.047	173.96600000000001	178.88400000000001	183.89500000000001	189.18800000000007	194.16800000000001	199.05500000000001	204.34900000000002	209.20399999999998	213.99700000000001	218.75700000000001	223.95600000000007	228.71699999999998	233.47900000000001	238.27099999999999	243.50200000000001	248.32600000000033	253.02100000000004	257.71599999999921	262.84899999999999	267.48099999999909	272.11399999999969	276.714	281.66000000000008	286.166	290.58	295.05599999999993	299.68799999999999	304.07	308.327	312.48999999999921	316.96599999999921	320.846	324.66399999999999	328.45099999999934	332.39499999999964	335.9	339.2819999999989	342.56799999999993	346.04199999999969	349.20299999999969	352.23899999999884	355.08699999999908	357.99899999999889	360.53299999999933	363.00599999999969	365.41599999999914	367.88900000000001	370.11	372.27	374.56299999999999	376.61399999999969	378.51900000000001	380.32900000000001	382.14100000000002	384.04399999999993	385.66800000000001	387.16699999999969	388.60300000000001	390.101	391.31900000000002	392.44299999999993	393.38	394.25400000000002	394.94200000000001	395.40999999999963	394.81	395.02799999999934	395.05900000000008	395.05900000000008	394.93400000000003	394.62299999999999	394.21799999999934	393.68900000000002	393.12900000000002	392.41199999999884	391.75700000000001	390.97899999999896	390.17	389.173	388.20699999999908	387.18	386.02699999999908	384.62700000000001	383.22499999999934	381.63599999999963	379.92399999999884	377.74400000000031	375.5319999999989	373.16500000000002	370.54199999999969	368.01299999999969	365.32799999999969	362.61200000000002	359.584	356.77299999999963	353.964	351.029	347.84399999999999	344.78500000000003	341.63	338.50900000000001	335.19900000000001	332.202	329.20400000000001	326.17599999999999	322.86700000000002	319.86900000000031	316.93499999999921	314.06200000000001	311.03299999999933	308.28500000000003	305.56900000000002	C2	6.9889999999999999	7.4829999999999997	8.2050000000000001	8.8880000000000035	9.7240000000000002	10.712	12.003	13.257	14.586	16.105	17.966999999999953	20.018000000000001	22.411000000000001	25.221999999999987	28.678000000000001	32.211000000000006	36.009	40.149000000000001	44.746000000000002	49.266000000000012	53.9	58.762000000000086	64.230999999999995	69.397000000000006	74.715000000000003	80.147000000000006	86.147999999999996	91.77	97.506	103.31699999999999	109.699	115.624	121.58799999999999	127.589	134.27399999999992	140.42800000000034	146.58100000000007	152.71299999999999	159.38200000000043	165.44800000000001	171.43900000000002	177.92000000000004	183.76	189.52500000000001	195.17699999999999	201.31900000000002	206.93300000000002	212.47200000000001	218.048	224.077	229.54	234.96600000000001	240.39200000000034	246.232	251.50700000000001	256.66899999999993	261.83099999999934	267.29499999999933	272.19299999999993	276.90299999999934	281.46199999999908	286.13400000000001	290.31700000000001	294.46099999999933	298.56799999999993	302.93699999999876	307.00299999999999	311.06900000000002	315.13599999999963	319.46499999999969	323.38099999999969	327.334	331.25	335.505	339.38299999999964	343.11	346.762	350.64000000000038	354.255	357.83099999999934	361.37	365.21099999999933	368.71199999999908	372.13900000000001	375.452	379.06599999999969	382.22899999999896	385.31599999999969	388.404	391.67899999999969	394.65400000000068	397.553	400.41399999999908	403.31299999999999	405.91099999999921	408.43400000000003	410.88099999999969	413.29099999999914	415.47399999999908	417.54500000000002	419.42799999999914	421.38599999999963	423.11700000000002	424.774	426.46799999999934	428.16300000000001	429.55599999999993	430.91099999999921	432.22899999999896	433.584	434.78899999999908	435.80599999999993	436.78500000000003	437.80099999999999	438.59199999999896	439.27	439.98499999999933	440.43699999999876	440.88900000000001	441.22699999999884	441.529	441.755	441.90499999999969	441.94299999999993	441.97999999999934	441.97999999999934	441.79199999999884	441.56599999999969	441.34000000000032	440.964	440.47399999999908	439.75900000000001	438.89299999999969	438.065	437.23599999999908	436.37	435.392	434.41299999999927	433.32100000000003	432.19099999999969	430.87299999999999	429.59299999999934	428.2	426.65699999999993	424.887	423.26799999999969	421.46099999999933	419.57799999999969	417.50799999999964	415.47399999999908	413.29099999999914	411.0319999999989	408.50900000000001	406.17500000000001	403.803	401.39299999999969	398.71999999999969	396.084	393.41099999999921	390.77599999999927	387.839	385.09	382.30399999999969	379.36700000000002	375.97899999999896	372.92899999999884	369.80399999999969	366.67899999999969	C3	6.9889999999999999	7.407	8.0150000000000006	8.6980000000000004	9.4960000000000004	10.256	11.015000000000002	11.851000000000004	12.877000000000002	13.75	14.662000000000004	15.65	16.788999999999948	17.890999999999988	19.181999999999999	20.436	21.727	23.17	24.728000000000002	26.247	27.917999999999999	29.818000000000001	32.021000000000001	34.11	36.237000000000002	38.554000000000002	41.137	43.568000000000012	46.037000000000006	48.544000000000004	51.279000000000003	53.9	56.597000000000001	59.293000000000013	62.18	64.876999999999981	67.763999999999996	70.688999999999979	73.917000000000201	76.956000000000003	80.033000000000001	83.147999999999996	86.4140000000002	89.301000000000002	92.188000000000002	95.113	98.492999999999995	101.72199999999999	105.027	108.369	112.054	115.586	119.233	123.33499999999999	127.17100000000001	131.084	135.03399999999999	139.51599999999999	143.58100000000007	147.68300000000002	151.77099999999999	156.21699999999998	160.286	164.31800000000001	168.27399999999992	172.57	176.56399999999999	180.55800000000033	184.589	188.99800000000027	193.06700000000001	197.09900000000002	201.13	205.38800000000043	209.19399999999999	212.999	216.767	220.83600000000001	224.416	227.995	231.53700000000001	235.38100000000034	238.96	242.69	246.42000000000004	250.52800000000033	254.37100000000001	258.327	262.09500000000003	266.12700000000001	269.59299999999934	273.09699999999884	276.75200000000001	280.78399999999908	284.55200000000002	288.32	292.125	296.38299999999964	300.30099999999999	304.17899999999969	308.02	312.274	316.15199999999999	319.99199999999877	323.83300000000003	328.012	331.85199999999969	335.76799999999969	339.608	343.82499999999999	347.666	351.46799999999934	355.23299999999921	359.375	363.25299999999999	367.05599999999993	370.78299999999933	374.887	378.61399999999969	382.34199999999993	386.0319999999989	390.02299999999963	393.637	397.101	400.48899999999884	404.10399999999993	407.38	410.61700000000002	413.89299999999969	417.35700000000008	420.48200000000003	423.5319999999989	426.58099999999934	429.7819999999989	432.64299999999997	435.392	438.36599999999999	440.964	443.524	446.04700000000008	448.87	451.35199999999969	453.83099999999934	456.27199999999908	458.78799999999927	461.00400000000002	463.10700000000008	465.09799999999933	467.16300000000001	468.89099999999934	470.50599999999969	471.93299999999908	473.43499999999921	474.71199999999908	475.95099999999934	476.89	477.75400000000002	478.20499999999993	478.505	478.58	478.58	478.46799999999934	478.13	477.45400000000001	476.47699999999884	475.31299999999999	473.88599999999963	472.15800000000002	469.90499999999969	467.464	464.72199999999884	461.56700000000001	457.69900000000001	453.53	448.79499999999933	443.637	437.76400000000001	431.96499999999969	426.09199999999896	420.25599999999969	414.15699999999993	408.77299999999963	403.38900000000001	397.92899999999884	391.94299999999993	386.37	380.53500000000003	374.51099999999963	367.959	361.86	355.27099999999933	348.38099999999969	TIME-sec

LOAD-kN



7 days 50% replaced
5.891	6.2469999999999999	6.6819999999999995	7.2530000000000001	7.843	9.2630000000000035	9.8470000000000013	10.731999999999999	11.407	11.972000000000021	12.612	13.29	14.118	14.871	15.699	16.603000000000005	17.695	18.824000000000005	19.954000000000001	21.196000000000005	22.702999999999989	24.245999999999952	25.901999999999987	27.783999999999953	30.081	32.49	35.051000000000002	37.949000000000005	41.413000000000004	44.877000000000002	48.605000000000011	52.708000000000013	57.376000000000005	61.931000000000004	66.825999999999979	71.834000000000003	77.593999999999994	82.977000000000004	88.510999999999996	94.235000000000014	100.56	106.508	112.645	118.818	125.67199999999998	132.14599999999999	138.62200000000001	145.24699999999999	152.446	159.131	165.85300000000001	172.61199999999999	180.12	186.99200000000027	193.9	200.809	208.42800000000034	215.29900000000001	222.24599999999998	229.19300000000001	236.81	243.75700000000001	250.70399999999998	257.64999999999998	265.19299999999993	272.02799999999934	278.82499999999999	285.62200000000001	293.01599999999934	299.81200000000001	306.56599999999969	313.35700000000008	320.673	327.42599999999908	334.18099999999993	340.86099999999999	348.17500000000001	354.81799999999993	361.46099999999933	368.62599999999969	375.19400000000002	381.61200000000002	387.99299999999909	394.822	401.05500000000001	407.17599999999999	413.18299999999999	419.52699999999908	425.16199999999969	430.31200000000001	435.05200000000002	440.09	444.86599999999999	449.67099999999999	454.47199999999884	459.57299999999969	464.077	468.58099999999934	473.08499999999964	477.92499999999927	482.20499999999993	486.37400000000002	490.24599999999964	494.303	497.91399999999908	501.48699999999889	505.06	508.858	512.245	515.52099999999996	518.72199999999998	522.03499999999997	524.97500000000002	527.73	530.41	533.12800000000004	535.399	537.40899999999999	539.15899999999999	540.68499999999995	541.83799999999815	542.65699999999947	543.30699999999865	543.99699999999996	544.63	545.33699999999828	546.08100000000002	546.79000000000053	547.31099999999947	547.78300000000172	547.94299999999828	547.84199999999828	547.72	547.16199999999947	546.30499999999938	544.89099999999996	543.32699999999829	541.35499999999865	539.01	535.77000000000055	532.23400000000004	528.28900000000135	524.15699999999947	519.31699999999842	514.47799999999938	509.19200000000001	503.42299999999921	496.90899999999908	490.803	484.661	478.37	471.33499999999964	464.709	458.00900000000001	451.23399999999884	443.858	437.06700000000001	430.31200000000001	423.44499999999999	415.75700000000001	408.63	401.50299999999999	393.85199999999969	387.06099999999969	10.327	10.977	11.521000000000001	12.137	12.788	13.586	14.31	15.107000000000001	15.976000000000004	17.027000000000001	18.114000000000051	19.201000000000001	20.396000000000001	21.846	23.331000000000031	24.924999999999986	26.736000000000001	28.946000000000002	31.263999999999989	33.728000000000094	36.517000000000003	39.850999999999999	43.184000000000005	46.771000000000001	50.719000000000001	55.211000000000006	59.594000000000001	64.304000000000002	69.122999999999948	74.665999999999983	79.846000000000004	85.170999999999978	90.678999999999988	96.765000000000001	102.489	108.39400000000002	114.334	120.93	127.16	133.39100000000033	139.76599999999999	146.69399999999999	153.126	159.595	166.09900000000002	173.32300000000001	179.93600000000001	186.583	193.232	200.56300000000002	207.17499999999998	213.86	220.54399999999998	227.874	234.559	241.24299999999999	247.92700000000033	255.18600000000001	261.76299999999969	268.303	274.84399999999999	281.959	288.49799999999908	294.99799999999908	301.53299999999933	308.572	315.07100000000003	321.57100000000003	327.99899999999889	335.03599999999921	341.42899999999884	347.82100000000003	354.71499999999969	361.03599999999921	367.21199999999908	373.35199999999969	379.92399999999884	385.92099999999908	391.81099999999969	397.59099999999921	403.69600000000003	409.11799999999999	414.07400000000001	418.63499999999999	423.48299999999921	428.07900000000001	432.70299999999969	437.32299999999969	442.22999999999934	446.56400000000002	450.89799999999963	455.23200000000003	459.89	464.00900000000001	468.02099999999933	471.74599999999964	475.65100000000001	479.125	482.56299999999999	486.00200000000001	489.65600000000001	492.91499999999934	496.06799999999993	499.14800000000002	502.33499999999964	505.16500000000002	507.81599999999969	510.39499999999964	513.01	515.19600000000003	517.12900000000002	518.81299999999828	520.28200000000004	521.39199999999948	522.17999999999995	522.80499999999938	523.46899999999948	524.07799999999997	524.75800000000004	525.47500000000002	526.15599999999949	526.65800000000002	527.11300000000051	527.26599999999996	527.16899999999998	527.05199999999866	526.51400000000001	525.69000000000005	524.32999999999947	522.82499999999948	520.92699999999866	518.66999999999996	515.553	512.15	508.35300000000001	504.37799999999999	499.71999999999969	495.06400000000002	489.97799999999921	484.42599999999908	478.15800000000002	472.2819999999989	466.37200000000001	460.31900000000002	453.54899999999969	447.173	440.7259999999992	434.20699999999908	427.10899999999964	420.57400000000001	414.07400000000001	407.46599999999921	400.06900000000002	6.6802250000000001	7.084189999999988	7.5769700000000002	8.2244600000000005	8.8939150000000016	10.504045	11.16586	12.169565	12.935475	13.576280000000002	14.302080000000025	15.069900000000002	16.009619999999948	16.863389999999953	17.802154999999999	18.826870000000035	20.065504999999948	21.346160000000001	22.62681500000005	24.035439999999941	25.743935	27.493494999999989	29.37198000000005	31.506404999999987	34.110690000000005	36.842945	39.746145000000013	43.033255000000011	46.961170000000003	50.889084999999994	55.115915000000093	59.768675000000094	65.062240000000003	70.227834999999999	75.778295	81.456724999999992	87.988924999999995	94.093284999999995	100.36859	106.85876999999998	114.03081999999999	120.77598499999998	127.73506999999999	134.73522	142.50701000000001	149.84904999999998	157.19204500000001	164.70502999999999	172.86837000000034	180.44820499999997	188.07101499999999	195.73584499999998	204.24871499999998	212.04151499999998	219.87538000000001	227.71019999999999	236.34912999999997	244.14097499999966	252.01876999999999	259.89560999999969	268.53358499999933	276.41137999999864	284.28821999999889	292.16505999999993	300.71899499999921	308.46977499999969	316.176625	323.88443000000001	332.26932999999963	339.97522499999963	347.63432499999999	355.33544499999999	363.63057499999928	371.28871999999865	378.94877499999927	386.52383499999934	394.81705499999993	402.35009500000001	409.8831349999989	418.00731999999908	425.45536499999969	432.73341999999889	439.96945499999993	447.71354999999915	454.78054999999915	461.72148999999933	468.53350499999908	475.72751999999883	482.11742499999997	487.95724999999999	493.33198999999928	499.04479999999995	504.46155999999866	509.90983499999999	515.35428999999829	521.13776999999948	526.24510999999939	531.35244999999804	536.45979	541.94817499999999	546.80243999999948	551.52968999999996	555.91982499999949	560.52101499999947	564.61509999999998	568.66716499999768	572.71923000000004	577.02532499999938	580.86633499999948	584.58128499999998	588.21123999999998	591.96725499999729	595.3021149999978	598.42591999999865	601.46473000000003	604.54651499999829	607.12214999999946	609.40077999999994	611.38526999999829	613.11572999999999	614.42408	615.35233999999946	616.07050000000004	616.87174499999992	617.58990500000004	618.39114999999947	619.23536999999999	620.03852499999948	620.62967000000003	621.09380000000135	621.34591999999816	621.38889499999993	621.09380000000135	620.46063499999946	619.48939999999993	617.88595499999997	616.11251999999865	613.87590999999998	611.21623499999998	607.54330500000003	603.53325999999947	599.05908499999998	594.37385499999993	588.88546999999949	583.39899500000001	577.40445999999997	570.86270999999817	563.47578500000054	556.55203499999948	549.5872199999983	542.45336999999938	534.47625499999947	526.96231499999828	519.36433499999998	511.68231499999928	503.31842499999993	495.61730499999999	487.95724999999999	480.17017999999928	471.45294000000001	463.37077499999964	455.28860999999921	446.61338999999964	438.91226999999969	TIME-Sec

LOAD-KN



14 days 100% replaced
HG1	6.9889999999999999	7.5919999999999996	8.2960000000000012	9.0020000000000007	9.9090000000000007	11.01	11.935	12.959000000000021	14.615	16.981000000000002	18.108000000000001	19.327999999999999	20.734000000000005	22.094999999999999	23.69	25.238	26.832999999999988	28.614999999999998	30.539000000000001	32.414999999999999	34.479000000000006	36.825000000000003	39.546000000000006	42.126000000000012	44.753	47.614000000000004	50.804000000000002	53.806000000000004	56.856000000000002	59.951999999999998	63.33	66.566999999999993	69.897000000000006	73.227000000000004	76.792000000000002	80.122999999999948	83.688999999999979	87.301000000000002	91.287000000000006	95.040999999999997	98.840999999999994	102.68799999999999	106.721	110.28700000000002	113.85199999999999	117.465	121.639	125.627	129.708	133.83600000000001	138.38700000000034	142.74899999999997	147.25299999999999	152.31900000000002	157.05600000000001	161.88900000000001	166.767	172.30200000000033	177.32300000000001	182.38900000000001	187.43700000000001	192.92800000000034	197.953	202.93300000000002	207.81800000000001	213.124	218.05700000000004	222.989	227.96700000000001	233.41300000000001	238.43800000000007	243.417	248.39600000000004	253.654	258.35500000000002	263.05399999999969	267.70699999999908	272.73200000000003	277.15400000000068	281.57400000000001	285.94799999999969	290.69600000000003	295.11599999999999	299.72199999999884	304.32900000000001	309.40199999999908	314.14800000000002	319.03399999999908	323.68700000000001	328.66699999999969	332.947	337.27499999999969	341.78899999999908	346.76799999999969	351.42200000000003	356.07499999999999	360.774	366.03299999999933	370.87200000000001	375.661	380.40499999999969	385.65800000000002	390.44799999999969	395.19	399.93400000000003	405.09500000000003	409.83699999999908	414.673	419.41599999999914	424.62400000000002	429.36799999999999	434.06299999999999	438.71299999999934	443.82799999999969	448.61700000000002	453.31400000000002	457.91699999999884	462.98499999999933	467.58799999999934	472.19200000000001	476.75	481.678	486.14200000000068	490.41999999999933	494.60399999999993	499.27	503.6440000000008	507.93299999999908	512.81299999999828	515.43599999999947	519.29500000000053	523.06199999999865	526.82799999999804	530.78099999999995	534.31399999999996	537.70899999999995	541.38199999999949	544.59100000000001	547.75199999999938	550.86799999999789	554.35399999999947	557.41999999999996	560.48099999999999	563.49599999999998	566.60299999999938	569.33999999999946	571.93699999999865	574.39599999999996	576.94599999999946	579.08000000000004	581.07500000000005	582.83699999999828	584.69200000000001	586.26900000000001	587.79900000000055	588.95899999999949	590.02599999999939	590.58299999999997	590.95399999999938	591.04599999999948	595.83199999999829	592.58299999999997	590.49099999999999	589.65599999999949	588.44899999999996	587.01199999999949	585.24900000000002	583.11500000000001	580.33299999999815	577.31799999999828	573.93199999999865	570.03499999999997	565.25800000000004	560.11	554.26199999999949	547.89199999999948	540.63900000000001	533.47699999999998	526.22400000000005	519.01599999999996	511.48399999999884	504.83499999999964	498.185	491.44200000000001	484.05	477.16699999999969	469.96099999999933	462.52099999999933	454.42899999999884	446.89699999999908	438.76	430.25099999999969	HG2	6.9889999999999999	7.3039999999999985	7.74	8.3760000000000048	9.0890000000000004	9.923	10.718	11.511000000000001	12.384	13.456000000000021	14.369000000000023	15.322000000000006	16.353999999999999	17.545000000000002	18.696000000000005	20.045000000000002	21.356000000000005	22.704999999999988	24.213000000000001	25.841000000000001	27.427999999999987	29.173999999999999	31.16	33.462000000000003	35.645000000000003	37.868000000000002	40.289000000000001	42.988	45.529000000000003	48.109000000000002	50.728000000000094	53.587000000000003	56.326000000000001	59.144000000000005	61.961000000000006	64.977999999999994	67.796000000000006	70.813000000000002	73.86999999999999	77.242999999999995	80.418999999999997	83.634	86.89	90.302999999999983	93.32	96.335999999999999	99.393000000000001	102.925	106.29900000000002	109.753	113.24600000000002	117.096	120.78700000000002	124.598	128.88500000000033	132.89400000000001	136.983	141.11099999999999	145.79399999999998	150.042	154.32900000000001	158.601	163.24699999999999	167.499	171.71199999999999	175.846	180.33600000000001	184.50899999999999	188.68300000000002	192.89600000000004	197.50299999999999	201.755	205.96800000000007	210.18100000000001	214.63	218.608	222.584	226.52200000000033	230.77399999999992	234.51499999999999	238.255	241.95600000000007	245.97300000000001	249.71299999999999	253.61099999999999	257.50900000000001	261.80200000000002	265.81799999999993	269.952	273.88900000000001	278.10300000000001	281.72499999999934	285.38599999999963	289.20599999999934	293.4189999999989	297.35700000000008	301.2939999999989	305.27099999999933	309.72000000000003	313.815	317.86700000000002	321.88099999999969	326.32599999999934	330.37900000000002	334.392	338.40499999999969	342.77299999999963	346.78500000000003	350.87799999999999	354.89	359.29700000000003	363.31099999999969	367.28399999999908	371.21799999999934	375.54700000000008	379.59899999999908	383.57400000000001	387.46799999999934	391.75700000000001	395.65199999999999	399.54700000000008	403.40299999999934	407.57400000000001	411.351	414.97099999999921	418.51099999999963	422.28899999999908	425.71199999999908	429.09500000000003	432.51799999999969	436.13799999999969	439.404	442.59099999999921	445.77699999999908	449.12200000000001	452.11200000000002	454.98499999999933	458.09199999999896	460.80700000000002	463.48299999999921	466.11900000000031	469.06900000000002	471.66300000000001	474.25299999999999	476.80399999999969	479.43299999999908	481.74900000000002	483.947	486.02699999999908	488.185	489.99099999999908	491.67899999999969	493.17	494.74	496.07400000000001	497.36900000000031	498.35	499.25299999999999	499.72399999999908	500.03799999999927	500.11599999999999	500.11599999999999	499.99899999999889	499.64600000000002	498.93899999999877	497.91799999999921	496.702	495.21099999999933	493.40499999999969	491.05099999999999	488.5	485.63400000000001	482.33799999999934	478.29499999999933	473.93899999999877	468.99099999999908	463.601	457.46299999999934	451.40299999999934	445.26599999999934	439.16800000000001	432.7939999999989	427.16800000000001	421.54199999999969	415.83599999999933	409.58	403.75700000000001	397.65899999999999	391.36399999999969	384.517	378.1440000000008	371.25799999999964	HG3	7.2869999999999999	7.8149999999999888	8.327	8.8080000000000016	9.3630000000000067	10.4	11.867000000000004	13.957000000000004	17.306999999999999	22.630000000000031	27.521000000000001	32.567	37.978000000000002	43.7	50.464000000000006	56.862000000000002	63.573	70.440000000000026	78.348000000000013	85.736000000000004	93.278999999999982	101.134	109.874	117.938	126.31399999999999	134.79300000000001	144.15800000000004	152.84700000000001	161.79399999999998	170.74199999999999	180.57499999999999	189.73099999999999	198.88700000000034	208.023	218.137	227.375	236.66399999999999	245.85000000000034	255.86100000000027	264.94299999999993	274.02599999999927	283.10899999999964	293.017	302.10000000000002	311.18200000000002	320.00599999999969	329.60599999999999	338.42999999999921	347.202	355.97699999999884	365.52299999999963	374.19200000000001	382.91399999999908	391.48099999999909	400.77	409.07799999999969	417.125	425.73499999999933	433.36799999999999	440.89699999999908	448.32100000000003	456.36700000000002	463.58599999999933	470.80500000000001	478.024	485.76	492.77199999999908	499.73399999999884	506.64299999999997	514.07000000000005	520.77300000000173	527.32299999999816	533.76699999999948	540.67900000000054	546.91800000000001	552.95099999999866	558.83099999999865	565.12099999999998	570.84399999999948	576.25900000000001	581.41699999999946	586.77900000000136	591.52300000000002	596.16499999999996	600.65	605.29200000000003	609.41699999999946	613.23299999999949	616.89199999999948	620.69799999999998	623.99099999999999	627.077	629.90599999999949	632.68499999999995	634.84399999999948	636.69600000000003	638.13599999999997	639.31999999999948	640.03899999999999	640.45099999999866	640.60599999999999	640.65699999999947	640.399	639.78300000000172	638.90699999999947	637.82799999999804	636.64499999999998	635.05099999999948	633.35199999999804	631.19299999999998	629.23800000000051	627.17900000000054	624.96799999999791	622.08699999999999	619.00199999999938	615.60500000000002	611.94399999999996	607.76599999999996	603.69299999999998	599.56899999999996	595.54499999999996	591.00800000000004	586.57299999999998	582.03399999999999	577.23900000000003	572.05699999999865	567.471	562.88499999999999	558.98500000000001	551.91899999999998	546.97	542.01800000000003	537.12099999999998	531.96400000000006	527.32299999999816	522.73299999999949	516.56599999999946	516.02699999999948	513.64199999999948	512.96899999999948	509.61200000000002	508.08599999999933	495.85	480.22399999999908	478.23099999999909	476.40899999999908	474.375	472.25700000000001	469.92499999999927	467.63599999999963	465.17899999999969	462.637	459.79700000000003	457.17	454.5	451.78799999999927	448.779	445.81200000000001	442.80399999999969	439.83699999999908	436.5319999999989	433.43799999999908	430.30200000000002	426.9959999999989	423.18299999999999	419.75	416.23299999999921	412.71499999999969	410.91399999999908	407.70299999999969	404.49199999999877	401.14000000000038	397.5	394.00299999999999	390.4	386.83099999999934	383.05	379.62400000000002	376.19900000000001	TIME -Sec

LOAD KN



14 days 50% replaced
FG1	6.9950000000000001	7.31	7.7519999999999998	8.2910000000000004	9	9.7319999999999993	11.494	12.218	13.316000000000004	14.155000000000006	14.856000000000025	15.65	16.489999999999949	17.518000000000001	18.452999999999989	19.479999999999986	20.600999999999999	21.956	23.358000000000001	24.759	26.300999999999988	28.17	30.084999999999987	32.14	34.476000000000006	37.325000000000003	40.314999999999998	43.492000000000012	47.089000000000006	51.386999999999993	55.685000000000002	60.31	65.400999999999996	71.194000000000003	76.846000000000004	82.92	89.132999999999981	96.281000000000006	102.96100000000017	109.827	116.929	124.777	132.15800000000004	139.77299999999997	147.43300000000002	155.93700000000001	163.971	172.006	180.227	189.16	197.45400000000001	205.79499999999999	214.18200000000004	223.49700000000001	232.024	240.59700000000001	249.17	258.62299999999999	267.1490000000008	275.76900000000001	284.38799999999969	293.83999999999969	302.46099999999933	311.08	319.69900000000001	329.05900000000008	337.54	345.97299999999933	354.40799999999933	363.58300000000003	372.01499999999999	380.39599999999933	388.82299999999969	397.899	406.279	414.661	422.95	432.02499999999969	440.26799999999969	448.51099999999963	457.40099999999927	465.55099999999999	473.51499999999999	481.43299999999908	489.90599999999921	497.63900000000001	505.23499999999933	512.68799999999999	520.55999999999949	527.553	533.94299999999828	539.82399999999996	546.07500000000005	552.00199999999938	557.96400000000006	563.92199999999946	570.25	575.83900000000006	581.428	587.01599999999996	593.02199999999948	598.33399999999949	603.50599999999997	608.30999999999949	613.34499999999946	617.82499999999948	622.25900000000001	626.69299999999998	631.40499999999997	635.60799999999949	639.67300000000159	643.64499999999998	647.755	651.404	654.8219999999983	658.14699999999948	661.51900000000001	664.33799999999815	666.83099999999865	669.00300000000004	670.89599999999996	672.32799999999804	673.34399999999948	674.15	675.00599999999997	675.79200000000003	676.66899999999998	677.59299999999996	678.471	679.11800000000005	679.70500000000004	679.90199999999948	679.77800000000173	679.62599999999998	678.93299999999829	677.87099999999998	676.11599999999999	674.17499999999995	671.72799999999938	668.81799999999828	664.79900000000055	660.41099999999949	655.51499999999999	650.38800000000003	644.38300000000004	638.37900000000002	631.81999999999948	624.66099999999949	616.57799999999997	609.00199999999938	601.38099999999997	593.57500000000005	584.8459999999983	FG2	6.226	6.6019999999999985	7.0609999999999955	7.6649999999999849	8.2889999999999997	9.7889999999999997	10.406000000000002	11.341000000000001	12.055000000000021	12.652000000000006	13.329000000000002	14.044	14.92	15.716000000000001	16.59	17.545000000000002	18.7	19.893000000000001	21.087	22.4	23.991999999999987	25.622	27.373000000000001	29.361999999999988	31.788999999999948	34.335000000000001	37.041000000000004	40.104000000000006	43.765000000000086	47.425000000000011	51.365000000000002	55.701000000000001	60.634	65.448000000000022	70.620999999999981	75.912999999999997	82	87.688999999999979	93.537000000000006	99.585999999999999	106.27	112.556	119.04100000000012	125.565	132.80800000000033	139.65	146.49300000000002	153.495	161.102	168.166	175.26999999999998	182.41399999999999	190.34700000000001	197.60900000000001	204.91	212.21199999999999	220.26300000000001	227.524	234.86600000000001	242.20599999999999	250.256	257.59799999999933	264.93899999999877	272.279	280.25099999999969	287.47399999999908	294.65699999999993	301.83999999999969	309.65400000000068	316.83599999999933	323.97299999999933	331.15000000000032	338.88099999999969	346.01799999999969	353.15600000000001	360.21599999999921	367.94499999999999	374.96499999999969	381.98499999999933	389.55700000000002	396.49799999999908	403.28	410.024	417.24099999999999	423.827	430.29499999999933	436.6440000000008	443.34800000000001	449.303	454.74599999999964	459.75400000000002	465.07799999999969	470.12599999999969	475.20400000000001	480.27799999999934	485.66800000000001	490.42699999999877	495.18700000000001	499.947	505.06200000000001	509.58599999999933	513.99099999999999	518.08199999999999	522.37	526.18600000000004	529.96199999999828	533.73800000000051	537.75099999999998	541.33099999999865	544.79300000000171	548.17600000000004	551.67600000000004	554.78400000000136	557.69500000000005	560.52699999999948	563.399	565.79999999999995	567.923	569.77300000000173	571.38499999999999	572.60500000000002	573.47	574.15699999999947	574.88599999999997	575.55499999999938	576.30199999999866	577.08799999999997	577.83699999999828	578.38800000000003	578.88699999999949	579.05499999999938	578.94899999999996	578.81999999999948	578.23	577.32499999999948	575.83099999999865	574.17800000000136	572.09400000000005	569.61500000000001	566.19200000000001	562.45499999999947	558.28500000000054	553.91899999999998	548.80399999999997	543.69100000000003	538.10500000000002	532.00800000000004	525.12400000000002	518.67200000000003	512.18100000000004	505.5319999999989	498.09799999999933	491.09599999999921	484.01499999999999	476.85599999999999	469.06099999999969	461.88400000000001	454.74599999999964	447.4879999999992	439.36500000000001	431.83199999999908	FG3	7.5119999999999996	7.9660000000000002	8.4610000000000003	9.1220000000000017	9.8650000000000251	10.483000000000002	11.145	11.845000000000002	12.506	13.125	13.827	14.569000000000004	15.477	16.303000000000001	17.210999999999999	18.202000000000002	19.399000000000001	20.63700000000005	21.875	23.236000000000001	24.888999999999989	26.58	28.396000000000001	30.459	32.977000000000004	35.618000000000002	38.425000000000011	41.603000000000002	45.401000000000003	49.197000000000003	53.285000000000011	57.783000000000001	62.901000000000003	67.894999999999996	73.260000000000005	78.748999999999995	85.065000000000012	90.965999999999994	97.034000000000006	103.307	110.242	116.76300000000002	123.49000000000002	130.25899999999999	137.77099999999999	144.87	151.96900000000002	159.232	167.124	174.45200000000034	181.8220000000004	189.232	197.46200000000007	204.99600000000001	212.56800000000001	220.14299999999997	228.495	236.02800000000033	243.64399999999998	251.25899999999999	259.61	267.22699999999884	274.84100000000001	282.45599999999934	290.7259999999992	298.21899999999908	305.67	313.12200000000001	321.22699999999884	328.678	336.08300000000003	343.52799999999934	351.54700000000008	358.95099999999934	366.35599999999999	373.68	381.69799999999969	388.97999999999934	396.26299999999969	404.11700000000002	411.31700000000001	418.35399999999993	425.34899999999999	432.83499999999964	439.66800000000001	446.37799999999999	452.964	459.9189999999989	466.09699999999884	471.74299999999999	476.93899999999877	482.46199999999908	487.697	492.96599999999921	498.22999999999934	503.82100000000003	508.75900000000001	513.69600000000003	518.63400000000001	523.93899999999996	528.63199999999949	533.202	537.4469999999983	541.89499999999998	545.85299999999768	549.77000000000055	553.68700000000001	557.85099999999829	561.56499999999949	565.15499999999997	568.66599999999949	572.29700000000003	575.52099999999996	578.54099999999949	581.47799999999938	584.45799999999815	586.9469999999983	589.15099999999939	591.06799999999828	592.74199999999996	594.00699999999949	594.904	595.59799999999996	596.37300000000005	597.06799999999828	597.84199999999828	598.65899999999999	599.43399999999997	600.00599999999997	600.45399999999938	600.69900000000052	600.74	600.45399999999938	599.84299999999791	598.904	597.35399999999947	595.63900000000001	593.476	590.90599999999949	587.35499999999865	583.47799999999938	579.15199999999948	574.62300000000005	569.31799999999828	564.01199999999949	558.21799999999996	551.89300000000003	544.75099999999998	538.05799999999829	531.32399999999996	524.428	516.71500000000003	512.79800000000159	TIME-Sec

LOAD-KN



14 DAYS CONTROL
C1	0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000169	0.70000000000000062	0.75000000000000144	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.149999999999997	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000026	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	6.9889999999999999	7.67	8.4920000000000027	9.1989999999999998	10.147	11.499000000000002	13.005000000000004	14.497	16.555	19.89	22.189	24.721999999999987	27.678000000000001	31.149000000000001	35.417000000000002	39.781000000000006	44.471000000000004	49.584000000000003	55.261000000000003	60.844000000000001	66.566999999999993	72.570999999999998	79.325000000000003	85.705000000000013	92.272999999999982	98.982000000000014	106.393	113.336	120.42	127.596	135.47800000000001	142.79599999999999	150.161	157.572	165.8280000000004	173.429	181.02800000000033	188.601	196.83700000000007	204.3280000000004	211.727	219.73099999999999	226.94399999999999	234.06300000000002	241.04399999999998	248.62900000000002	255.56200000000001	262.40299999999934	269.28899999999908	276.73499999999933	283.48200000000003	290.18299999999999	296.88400000000001	304.09699999999884	310.61099999999999	316.98599999999908	323.36099999999999	330.10899999999964	336.15800000000002	341.97499999999934	347.60599999999999	353.375	358.541	363.65899999999999	368.73099999999909	374.12700000000001	379.1490000000008	384.17	389.19299999999993	394.53899999999908	399.37599999999969	404.25700000000001	409.09399999999908	414.34899999999999	419.13799999999969	423.74099999999999	428.25099999999969	433.04	437.505	441.92099999999908	446.29199999999884	451.03599999999921	455.35899999999964	459.59199999999896	463.68299999999999	468.14699999999999	472.053	475.86500000000001	479.67899999999969	483.72399999999908	487.39799999999963	490.97799999999921	494.51099999999963	498.09199999999896	501.3	504.41599999999914	507.43799999999908	510.41399999999908	513.11	515.66800000000001	517.99400000000003	520.41199999999947	522.54899999999998	524.596	526.68799999999999	528.78099999999995	530.50199999999938	532.17499999999995	533.803	535.476	536.96400000000006	538.22	539.42899999999997	540.68400000000054	541.66099999999949	542.49800000000005	543.38099999999997	543.93999999999949	544.49800000000005	544.91499999999996	545.28800000000172	545.56699999999842	545.75300000000004	545.79999999999995	545.84499999999946	546.06599999999946	546.18700000000001	546.21699999999998	546.81999999999948	544.59100000000001	543.98500000000001	543.10199999999998	542.03300000000002	541.01	539.98599999999999	538.91699999999946	537.70899999999995	536.5	535.15099999999939	533.75599999999997	532.12800000000004	530.54699999999946	528.82699999999829	526.92099999999948	524.73500000000001	522.73599999999999	520.50400000000002	518.17900000000054	515.62199999999996	513.11	510.41399999999908	507.625	504.50900000000001	501.62599999999969	498.697	495.71999999999969	492.4189999999989	489.16399999999999	485.863	482.608	478.98099999999909	475.58599999999933	472.14499999999998	468.51799999999969	464.334	460.56700000000001	456.70800000000003	452.84899999999999	450.87299999999999	447.34899999999999	443.82599999999934	440.14699999999999	436.15300000000002	432.31700000000001	428.363	424.44799999999969	420.29799999999921	416.53899999999908	412.7819999999989	408.98399999999884	404.83499999999964	401.07599999999934	397.39599999999933	393.7939999999989	389.99699999999876	C2	0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000169	0.70000000000000062	0.75000000000000144	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.149999999999997	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000026	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	5.9610000000000003	6.5410000000000004	7.2430000000000003	7.8460000000000001	8.6540000000000035	9.8070000000000004	11.092000000000002	12.364000000000004	14.119	16.963999999999952	18.923999999999989	21.084999999999987	23.606000000000005	26.565999999999953	30.206	33.928000000000011	37.927	42.288000000000011	47.13	51.892000000000003	56.773000000000003	61.893000000000001	67.652999999999949	73.093999999999994	78.695999999999998	84.418000000000006	90.739000000000004	96.661000000000001	102.702	108.82199999999999	115.545	121.786	128.06700000000001	134.38800000000043	141.42800000000034	147.911	154.39200000000034	160.85100000000034	167.876	174.26399999999998	180.57399999999998	187.40100000000001	193.553	199.624	205.578	212.04599999999999	217.96	223.79399999999998	229.667	236.018	241.77199999999999	247.48600000000027	253.20099999999999	259.35300000000001	264.90899999999908	270.346	275.78299999999933	281.53899999999908	286.697	291.65800000000002	296.46099999999933	301.38099999999969	305.78699999999884	310.15199999999999	314.47699999999884	319.08	323.363	327.64499999999998	331.92899999999884	336.4879999999992	340.613	344.77599999999927	348.90099999999927	353.38299999999964	357.46799999999934	361.39299999999969	365.24	369.32400000000001	373.13299999999964	376.899	380.62700000000001	384.67200000000008	388.35899999999964	391.96999999999969	395.459	399.26599999999934	402.59699999999884	405.84800000000001	409.101	412.55	415.685	418.7379999999992	421.75099999999969	424.80500000000001	427.54	430.19799999999969	432.77599999999927	435.31400000000002	437.613	439.79499999999933	441.77799999999934	443.84100000000001	445.66300000000001	447.40899999999908	449.19299999999993	450.97799999999921	452.447	453.87200000000001	455.26099999999963	456.68799999999999	457.95699999999908	459.02799999999934	460.06	461.13	461.96299999999934	462.67700000000002	463.43099999999896	463.9069999999989	464.38200000000001	464.7379999999992	465.05700000000002	465.29499999999933	465.45299999999969	465.49299999999909	465.53099999999921	465.71999999999969	465.82299999999969	465.84899999999999	466.363	458.61199999999963	457.25200000000001	455.60200000000032	453.50299999999999	451.35200000000032	448.92199999999883	446.09500000000003	442.91199999999884	439.25200000000001	435.27699999999908	430.863	426.09500000000003	420.88900000000001	415.762	410.08	404.399	398.32099999999969	392.202	385.33099999999928	378.65800000000002	373.87700000000001	367.64600000000002	360.87800000000004	354.07599999999928	347.24099999999999	C3	0.05	0.1	0.15000000000000024	0.2	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000169	0.70000000000000062	0.75000000000000144	0.8	0.85000000000000064	0.9	0.95000000000000062	1	1.05	1.1000000000000001	1.149999999999997	1.2	1.25	1.3	1.35	1.4	1.45	1.5	1.55	1.6	1.6500000000000001	1.7	1.75	1.8	1.85	1.9000000000000001	1.9500000000000026	2	2.0499999999999998	2.1	2.15	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999988	2.4	2.4499999999999997	2.5	2.5499999999999998	2.6	2.65	2.7	2.75	2.8	2.8499999999999988	2.9	2.9499999999999997	3	3.05	3.1	3.15	3.2	3.25	3.3	3.3499999999999988	3.4	3.4499999999999997	3.5	3.55	3.6	3.65	3.7	3.75	3.8	3.8499999999999988	3.9	3.9499999999999997	4	4.05	4.0999999999999996	4.1499999999999995	4.2	4.25	4.3	4.3499999999999996	4.4000000000000004	4.45	4.5	4.55	4.5999999999999996	4.6499999999999995	4.7	4.75	4.8	4.8499999999999996	4.9000000000000004	4.95	5	5.05	5.0999999999999996	5.1499999999999995	5.2	5.25	5.3	5.35	5.4	5.45	5.5	5.55	5.6	5.6499999999999995	5.7	5.75	5.8	5.85	5.9	5.95	6	6.05	6.1	6.1499999999999995	6.2	6.25	6.3	6.35	6.4	6.45	6.5	6.55	6.6	6.6499999999999995	6.7	6.75	6.8	6.85	6.9	6.95	7	7.05	7.1	7.1499999999999995	7.2	7.25	7.3	7.35	7.4	7.45	7.5	7.55	7.6	7.6499999999999995	7.7	7.75	7.8	7.85	7.9	7.95	8	8.0500000000000007	8.1	8.15	8.2000000000000011	8.25	8.3000000000000007	8.3500000000000068	8.4	8.4500000000000028	8.5	8.5500000000000007	8.6	8.65	8.7000000000000011	8.75	8.8000000000000007	8.8500000000000068	8.9	8.9500000000000028	9	9.0500000000000007	9.1	9.15	9.2000000000000011	9.25	6.5709999999999997	7.0469999999999997	7.5090000000000003	7.9420000000000002	8.4430000000000014	9.3780000000000001	10.701000000000001	12.585000000000004	15.606	20.405999999999953	24.815999999999999	29.366	34.245000000000012	39.405000000000001	45.504000000000005	51.273000000000003	57.325000000000003	63.517000000000003	70.647000000000006	77.308999999999983	84.111000000000004	91.194000000000003	99.075000000000003	106.346	113.899	121.545	129.989	137.82400000000001	145.89200000000034	153.96	162.82700000000034	171.083	179.339	187.577	196.697	205.02700000000004	213.40300000000002	221.68600000000001	230.71299999999999	238.90300000000002	247.09300000000002	255.28300000000002	264.21699999999896	272.40799999999933	280.59699999999884	288.55399999999969	297.20999999999964	305.16699999999969	313.077	320.98899999999884	329.59699999999884	337.41399999999908	345.279	353.00400000000002	361.38	368.87099999999964	376.12700000000001	383.89099999999934	390.774	397.56299999999999	404.25700000000001	411.512	418.02199999999908	424.53099999999921	431.041	438.01599999999934	444.339	450.61700000000002	456.84699999999964	463.54399999999993	469.58799999999934	475.49400000000003	481.30500000000001	487.53699999999884	493.16300000000001	498.60300000000001	503.90499999999969	509.577	514.73800000000051	519.62	524.27100000000053	529.10599999999999	533.38400000000001	537.57000000000005	541.61400000000003	545.79999999999995	549.51900000000001	552.95999999999947	556.26	559.69200000000001	562.66099999999949	565.44399999999996	567.995	570.5	572.4469999999983	574.11699999999996	575.41599999999949	576.48299999999949	577.13199999999949	577.50300000000004	577.64300000000003	577.68900000000053	577.45599999999865	576.90099999999939	576.11099999999999	575.13800000000003	574.07100000000003	572.63400000000001	571.10199999999998	569.15499999999997	567.39199999999948	565.53599999999949	563.54199999999946	560.94399999999996	558.16199999999947	555.09900000000005	551.79800000000159	548.03099999999949	544.35799999999779	540.63900000000001	537.01099999999997	532.91999999999996	528.92099999999948	524.82799999999804	520.50400000000002	515.83099999999865	511.69600000000003	507.56099999999969	504.04399999999993	497.673	493.21	488.745	484.32900000000001	479.67899999999969	475.49400000000003	471.35500000000002	465.7939999999989	465.30799999999999	463.15800000000002	462.55099999999999	459.524	458.14800000000002	TIME-Sec
LOAD -kN



28 days 100% replaced result
FG1	6.8334999999999999	9.8355000000000068	11.4445	12.162000000000004	13.497500000000002	14.161	15.270500000000002	16.38	17.579999999999988	18.209499999999949	18.838999999999999	19.525499999999937	20.212	20.844000000000001	21.475999999999956	22.13700000000005	22.797999999999988	23.516500000000001	24.234999999999999	25.068999999999956	25.902999999999953	26.652999999999999	27.402999999999953	28.183499999999952	28.963999999999952	30.327999999999999	31.692	33.353499999999997	35.015000000000001	35.723500000000094	36.432000000000002	37.720500000000094	39.009	40.068500000000085	41.128000000000085	42.455500000000001	43.783000000000001	45.073	46.363	47.749500000000012	49.136000000000003	50.648000000000003	52.160000000000011	54.016999999999996	55.874000000000002	57.641000000000005	59.408000000000001	61.396000000000001	63.383999999999993	65.469500000000025	67.554999999999993	70.080500000000001	72.60599999999998	75.135999999999981	77.665999999999983	80.42	83.173999999999978	86.401500000000027	89.628999999999948	92.77000000000001	95.9110000000002	99.36999999999999	102.82899999999998	106.42	110.01100000000002	114.142	118.273	122.22399999999999	126.17499999999998	130.32150000000004	134.46800000000007	138.6865	142.905	147.666	152.42700000000033	156.976	161.52500000000001	166.11499999999998	170.70499999999998	175.49200000000027	180.27899999999997	185.58200000000033	190.88500000000033	195.8485	200.81200000000001	205.81800000000001	210.82400000000001	215.96450000000002	221.10499999999999	226.85900000000004	232.61299999999997	237.96500000000003	243.31700000000001	248.69850000000002	254.08	259.53599999999921	264.99199999999877	270.96299999999934	276.93400000000003	282.53749999999934	288.14100000000002	293.8485	299.55599999999993	305.27499999999969	310.99400000000003	317.2939999999989	323.59399999999908	329.46199999999908	335.33	341.303	347.27599999999927	353.29299999999921	359.31	365.84699999999964	372.38400000000001	378.45349999999934	384.52299999999963	390.60550000000001	396.68799999999999	402.8125	408.93699999999876	415.58349999999933	422.22999999999934	428.21799999999934	434.20599999999934	440.17200000000008	446.13799999999969	451.79499999999928	457.452	463.37549999999999	469.29899999999884	474.68700000000001	480.07499999999999	485.60149999999999	491.12799999999999	496.72799999999916	502.32799999999969	508.678	515.02800000000002	520.93599999999947	526.84399999999948	532.76150000000007	538.67900000000054	544.67149999999992	550.66399999999999	557.24900000000002	563.83399999999949	569.84850000000006	575.86300000000006	581.85549999999841	587.8479999999978	593.85149999999828	599.85499999999865	606.48400000000004	613.11300000000051	619.17100000000005	625.22900000000004	631.23299999999949	637.23699999999997	643.25049999999999	649.26400000000001	655.71100000000001	662.15800000000002	668.096	674.03399999999999	679.91649999999947	685.79900000000055	691.62649999999996	697.45399999999938	703.81399999999996	710.17400000000055	715.95699999999829	721.74	727.50049999999999	733.26099999999997	738.96549999999866	744.67000000000053	750.77749999999992	756.88499999999999	762.54500000000007	768.20500000000004	773.77500000000055	779.34499999999946	784.88550000000009	790.42599999999948	796.36249999999768	802.29900000000055	807.75450000000001	813.21	818.60850000000005	824.00699999999949	829.31449999999938	834.62199999999996	840.33449999999948	846.04699999999946	851.20949999999993	856.37199999999996	861.41	866.44799999999816	871.33099999999865	876.21400000000051	881.36849999999947	886.52300000000002	891.02449999999999	895.52599999999939	899.73699999999997	903.94799999999816	907.90100000000007	911.85399999999947	915.64650000000006	919.43899999999996	922.8074999999983	926.17600000000004	929.649	933.12199999999996	936.73299999999949	940.34399999999948	944.29400000000055	948.24400000000003	951.96800000000007	955.69200000000001	959.32049999999947	962.94899999999996	966.75	970.55099999999948	973.89149999999938	977.23199999999997	980.41	983.58799999999997	986.73699999999997	989.88599999999997	993.17400000000055	996.46199999999828	999.48649999999998	1002.511	1005.4399999999994	1008.3689999999987	1011.408	1014.4469999999984	1017.75	1021.053	1024.0525	1027.0519999999999	1030.5005000000001	1033.9490000000001	1034.7584999999999	1035.568	1038.151499999997	1040.7349999999999	1042.9165000000025	1045.098	1047.114499999997	1049.1309999999999	1050.9470000000001	1052.7629999999999	1054.5475000000001	1056.3319999999999	1057.9490000000001	1059.566	1061.0839999999998	1062.6019999999999	1064.0880000000002	1065.5739999999998	1066.9925000000001	1068.4110000000001	1069.424	1070.4370000000001	1071.2809999999999	1072.125	1072.97	1073.8150000000001	1074.558	1075.3009999999999	1075.9755000000011	1076.6499999999999	1077.223	1077.796	1078.3355000000001	1078.875	1079.4135000000001	1079.952	1080.4575000000011	1080.963	1080.3555000000001	1079.748	1078.8670000000002	1077.9860000000001	1076.7645	1075.5429999999999	1074.22	1072.8969999999999	1071.4395000000011	1069.982	1070.6909999999998	1071.4000000000001	1068.0994999999998	1064.799	1062.9370000000001	1061.075	1059.1809999999998	1057.287	FG3	6.9018350000000002	9.9338550000000012	10.59389	12.302810000000004	13.05021	14.343010000000001	15.635810000000001	16.525115	17.41442	18.506230000000002	19.598039999999937	20.833270000000031	22.068499999999926	23.449169999999953	24.829840000000001	26.355950000000043	27.882060000000003	29.7546	31.627140000000001	33.531495	35.435850000000002	37.459384999999997	39.48292	41.710980000000006	43.939040000000006	47.416470000000004	50.893900000000002	54.690995000000093	58.48809	60.983294999999998	63.478500000000011	67.08117	70.683839999999989	74.397610000000171	78.111379999999983	81.777175	85.442970000000017	89.079979999999978	92.716990000000024	96.485299999999995	100.25360999999999	104.4365250000002	108.61944	112.59126500000031	116.56309	120.69904000000001	124.83499	129.04265000000001	133.25031000000001	137.96802000000034	142.68573000000001	147.19235	151.69897	156.27780499999992	160.85664000000034	165.50667999999999	170.15672000000001	175.38347000000007	180.61022	185.53195000000002	190.45368000000002	195.44661499999998	200.43954999999997	205.50672	210.57388999999998	216.22029499999999	221.86670000000001	227.14294000000001	232.41917999999998	237.76965499999937	243.12013000000007	248.53120499999997	253.94228000000001	259.86946500000073	265.7966499999992	271.2930699999992	276.78949	282.39145499999921	287.99341999999876	293.60447499999998	299.21552999999921	305.34572500000002	311.47591999999884	317.14100999999999	322.80609999999933	328.48078500000003	334.15546999999998	340.47756499999969	346.79965999999928	352.59150499999907	358.38334999999921	364.15499500000038	369.92663999999877	375.77252000000004	381.61839999999916	388.08037999999908	394.54236000000031	400.50640999999939	406.47046	412.47642499999927	418.48238999999921	424.56410499999993	430.64582000000092	437.28252999999916	443.91924	450.05498999999998	456.19074000000001	462.30679499999934	468.42285000000004	474.61364499999996	480.80444000000074	487.55174499999993	494.29904999999928	500.51307499999933	506.72709999999921	512.85325499999828	518.97941000000003	525.08183000000054	531.18424999999991	537.74924999999996	544.31424999999865	550.40757999999948	556.50090999999998	562.63665999999841	568.77240999999992	574.91977500000053	581.06713999999829	587.80737499999998	594.54760999999792	600.78183500000159	607.01605999999947	613.26190000000008	619.50774000000001	625.82933000000003	632.15091999999947	639.00326500000006	645.85560999999802	652.20042999999998	658.54524999999865	664.90017	671.25509	677.55647999999997	683.85786999999777	690.69254000000001	697.52720999999815	703.81900500000006	710.11080000000004	716.34906499999829	722.58732999999938	728.83569499999828	735.08406000000002	741.80106499999829	748.51806999999997	754.69119000000001	760.86430999999948	766.95006499999829	773.03581999999949	778.99784999999997	784.95988	791.31379000000004	797.66769999999815	803.47620999999947	809.28472000000158	815.00334000000055	820.72195999999997	826.38553500000012	832.04910999999947	838.0171999999983	843.98529000000008	849.27365000000054	854.56200999999828	859.69432500000005	864.82663999999829	869.67160999999987	874.51657999999998	879.46860999999865	884.42063999999948	888.72021000000007	893.01978000000054	897.19410999999991	901.36843999999996	905.48469499999999	909.60095000000001	913.95455499999946	918.30815999999948	922.20524499999999	926.10233000000005	929.93982499999947	933.77732000000003	937.58704000000012	941.39676000000009	945.47867500000052	949.56058999999948	953.01731499999948	956.47404000000051	959.33738999999946	962.20074000000136	964.56868500000007	966.93662999999776	969.20862499999998	971.48061999999948	973.85512999999764	976.22964000000002	978.87482999999997	981.52001999999948	984.30257000000006	987.08512000000007	990.10653500000001	993.12794999999949	995.8534350000001	998.57892000000004	1001.1402800000001	1003.70164	1006.266535	1008.83143	1011.5351999999987	1014.2389700000014	1016.6094399999999	1018.97991	1021.2200899999999	1023.4602699999976	1025.5014799999999	1027.54269	1054.9237900000001	1053.7531999999999	1054.2541599999997	1054.75512	1055.2212349999998	1055.687349999997	1056.0161050000011	1056.3448599999999	1056.4014199999999	1056.4579800000001	1054.7758249999999	1053.09367	1051.0751849999997	1049.0567000000001	1046.8028850000003	1044.54907	1042.163955	1039.7788399999999	1037.434125	1035.0894099999998	1032.7482299999999	1030.4070500000028	1028.0375900000001	1025.6681299999998	1023.2370599999994	1020.80599	TIME Sec

LOAD in KN


28 days 50% replaced
HG1	4.5500000000000013E-2	9.1000000000000025E-2	0.13650000000000001	0.18200000000000024	0.22750000000000001	0.27300000000000002	0.31850000000000073	0.36400000000000032	0.40950000000000031	0.45500000000000002	0.50050000000000006	0.54600000000000004	0.59149999999999958	0.63700000000000145	0.6825	0.72800000000000065	0.77350000000000063	0.81900000000000062	0.86449999999999994	0.91	0.95550000000000013	1.0009999999999972	1.0465	1.0920000000000001	1.1375	1.1830000000000001	1.2284999999999973	1.274	1.319499999999997	1.365	1.410499999999997	1.4560000000000002	1.5014999999999965	1.5469999999999973	1.5925	1.6380000000000001	1.6835000000000002	1.7289999999999968	1.7745	1.82	1.8654999999999973	1.9110000000000003	1.9564999999999999	2.0019999999999998	2.0474999999999999	2.093	2.1385000000000001	2.1840000000000002	2.2295000000000011	2.2749999999999999	2.3205	2.3659999999999997	2.4114999999999949	2.4570000000000003	2.5024999999999977	2.548	2.5935000000000001	2.6389999999999998	2.6845000000000012	2.73	2.7755000000000001	2.8209999999999997	2.8664999999999967	2.9119999999999977	2.9575	3.0030000000000001	3.0485000000000002	3.0939999999999999	3.1395000000000004	3.1850000000000001	3.2305000000000001	3.2759999999999998	3.3214999999999977	3.3670000000000004	3.4124999999999939	3.4579999999999997	3.5035000000000012	3.5489999999999999	3.5945000000000005	3.64	3.6854999999999998	3.7309999999999999	3.7765000000000004	3.8219999999999987	3.8675000000000002	3.9129999999999967	3.9584999999999977	4.0039999999999996	4.0495000000000001	4.0949999999999891	4.1404999999999985	4.1859999999999955	4.2315000000000014	4.2770000000000001	4.3224999999999945	4.367999999999987	4.4135	4.4590000000000014	4.5044999999999975	4.55	4.5954999999999995	4.641	4.6865000000000006	4.7320000000000002	4.7774999999999999	4.8229999999999889	4.8684999999999965	4.9140000000000006	5.0049999999999955	5.0960000000000001	5.1869999999999985	5.2324999999999999	5.2779999999999996	5.3690000000000007	5.46	5.5510000000000002	5.6419999999999995	5.7329999999999997	5.8239999999999945	5.915	6.0060000000000002	6.0969999999999995	6.1879999999999891	6.2790000000000115	6.37	6.4610000000000003	6.5520000000000005	6.6429999999999945	6.7340000000000009	6.8249999999999789	6.9159999999999906	7.0069999999999917	7.0979999999999865	7.1889999999999885	7.2799999999999914	7.3709999999999916	7.4619999999999918	7.5529999999999875	7.6439999999999895	7.7349999999999905	7.8259999999999845	7.9169999999999918	8.0080000000000009	8.0990000000000002	8.19	8.2810000000000006	8.3720000000000248	8.4630000000000027	8.5540000000000003	8.6449999999999907	8.7360000000000007	8.8270000000000017	8.918000000000001	9.0089999999999968	9.1000000000000014	9.1910000000000007	9.282	9.3730000000000047	9.4640000000000004	9.5550000000000068	9.6460000000000008	9.7370000000000001	9.8280000000000012	9.9190000000000005	10.01	10.101000000000001	10.192	10.283000000000001	10.374000000000002	10.465000000000025	10.556000000000004	10.647	10.737999999999998	6.1174358699999685	6.472830000000001	6.660542069999984	7.0752500000000014	7.2804322500000005	7.4499188400000005	7.6894999999999998	7.9124954999999986	8.3055700000000048	8.5464315300000067	9.4785600000000034	9.7534382400000048	10.3285	10.628026499999999	11.652550000000023	11.99047395	13.94848	14.352985920000027	15.519140000000002	15.969195060000002	17.448339999999909	17.95434186	19.628700000000002	20.197932299999987	22.062039999999925	22.701839159999999	24.75018	25.467935220000001	28.046200000000002	28.859539799999986	31.39409000000003	32.304518610000002	34.944910000000007	35.958312390000117	38.850629999999995	39.977298269999999	44.955820000000003	46.259538780000085	51.613380000000006	53.110168020000003	55.962270000000011	57.585175830000139	62.253100000000003	64.058439899999755	68.727750000000015	70.720854750000001	75.105939999999919	77.284012259999983	81.420429999999996	83.781622470000201	87.953320000000005	90.503966279999986	95.199650000000005	97.96043985	102.06286999999999	105.02269322999999	109.19909	112.36586360999999	116.44724000000031	119.82420995999999	124.57172	128.18429988000034	132.31309000000002	136.15016961000001	140.16456999999966	144.22934253	148.12525000000002	152.42088225000001	157.07327999999998	161.62840512	165.4744	170.27315759999968	173.98290000000034	179.02840410000007	182.60333000000003	187.89882657000047	192.21111000000002	197.78523219000002	201.16005000000001	206.99369145	210.21909999999966	216.31545389999999	219.36642000000043	225.72804618000046	229.38734000000071	236.03957285999999	238.64567999999966	245.56640471999998	248.06873000000004	255.26272317000002	257.48813999999851	264.95529605999963	267.78296999999969	275.54867613000067	277.25880000000001	285.29930519999999	286.73463000000004	295.04993426999999	297.30064000000073	305.92235855999866	306.93935999999883	315.84060144	316.52439000000004	325.70359730999928	326.21862000000004	335.67895997999921	336.94660999999934	346.71806169000001	356.86197455999928	367.06019804999914	377.37266112000106	377.68367000000001	388.63649642999928	399.00233372999969	409.31479680000001	419.73962666999995	431.11395599999969	441.53784947999969	451.78944719999998	461.98017956999865	472.95560675999963	483.09202851000003	493.28276088000007	503.47442963999998	514.67459042999985	524.97768959999996	535.28172516000052	545.69719112999996	557.00878233000174	567.42518468999947	577.83971426999994	588.14281343999949	599.34203783999828	609.58989000000054	619.72631175000004	629.86179710999829	640.78104089999988	650.74891245000003	660.54917018999947	670.12094876999993	680.3425820099983	689.61658857000054	698.72017214999983	707.71419809999986	717.20825630999991	725.53089062999993	733.57448073000171	741.11616578999815	748.82452826999997	755.41577748000009	761.78322947999993	768.04018745999997	774.6866836800001	780.55129424999996	786.3054107999983	792.00240755999994	798.14606234999997	803.22972366000124	807.30770210999947	810.54667511999946	813.61990709999986	816.85981649999815	820.54638392999993	824.45487578999996	828.75571505999994	832.55558567999992	836.07453930000054	839.59349292000149	842.80833000000052	839.11956253124993	838.22314683307252	837.58810324098135	835.57468869966135	HG2	4.5500000000000013E-2	9.1000000000000025E-2	0.13650000000000001	0.18200000000000024	0.22750000000000001	0.27300000000000002	0.31850000000000073	0.36400000000000032	0.40950000000000031	0.45500000000000002	0.50050000000000006	0.54600000000000004	0.59149999999999958	0.63700000000000145	0.6825	0.72800000000000065	0.77350000000000063	0.81900000000000062	0.86449999999999994	0.91	0.95550000000000013	1.0009999999999972	1.0465	1.0920000000000001	1.1375	1.1830000000000001	1.2284999999999973	1.274	1.319499999999997	1.365	1.410499999999997	1.4560000000000002	1.5014999999999965	1.5469999999999973	1.5925	1.6380000000000001	1.6835000000000002	1.7289999999999968	1.7745	1.82	1.8654999999999973	1.9110000000000003	1.9564999999999999	2.0019999999999998	2.0474999999999999	2.093	2.1385000000000001	2.1840000000000002	2.2295000000000011	2.2749999999999999	2.3205	2.3659999999999997	2.4114999999999949	2.4570000000000003	2.5024999999999977	2.548	2.5935000000000001	2.6389999999999998	2.6845000000000012	2.73	2.7755000000000001	2.8209999999999997	2.8664999999999967	2.9119999999999977	2.9575	3.0030000000000001	3.0485000000000002	3.0939999999999999	3.1395000000000004	3.1850000000000001	3.2305000000000001	3.2759999999999998	3.3214999999999977	3.3670000000000004	3.4124999999999939	3.4579999999999997	3.5035000000000012	3.5489999999999999	3.5945000000000005	3.64	3.6854999999999998	3.7309999999999999	3.7765000000000004	3.8219999999999987	3.8675000000000002	3.9129999999999967	3.9584999999999977	4.0039999999999996	4.0495000000000001	4.0949999999999891	4.1404999999999985	4.1859999999999955	4.2315000000000014	4.2770000000000001	4.3224999999999945	4.367999999999987	4.4135	4.4590000000000014	4.5044999999999975	4.55	4.5954999999999995	4.641	4.6865000000000006	4.7320000000000002	4.7774999999999999	4.8229999999999889	4.8684999999999965	4.9140000000000006	5.0049999999999955	5.0960000000000001	5.1869999999999985	5.2324999999999999	5.2779999999999996	5.3690000000000007	5.46	5.5510000000000002	5.6419999999999995	5.7329999999999997	5.8239999999999945	5.915	6.0060000000000002	6.0969999999999995	6.1879999999999891	6.2790000000000115	6.37	6.4610000000000003	6.5520000000000005	6.6429999999999945	6.7340000000000009	6.8249999999999789	6.9159999999999906	7.0069999999999917	7.0979999999999865	7.1889999999999885	7.2799999999999914	7.3709999999999916	7.4619999999999918	7.5529999999999875	7.6439999999999895	7.7349999999999905	7.8259999999999845	7.9169999999999918	8.0080000000000009	8.0990000000000002	8.19	8.2810000000000006	8.3720000000000248	8.4630000000000027	8.5540000000000003	8.6449999999999907	8.7360000000000007	8.8270000000000017	8.918000000000001	9.0089999999999968	9.1000000000000014	9.1910000000000007	9.282	9.3730000000000047	9.4640000000000004	9.5550000000000068	9.6460000000000008	9.7370000000000001	9.8280000000000012	9.9190000000000005	10.01	10.101000000000001	10.192	10.283000000000001	10.374000000000002	10.465000000000025	10.556000000000004	10.647	10.737999999999998	0.27521903500000006	0.55043807000000011	0.82565710500000011	1.1008761400000002	1.3760951750000001	1.6513142099999998	1.9265332449999999	2.2017522800000005	2.4769713149999997	2.7521903500000002	3.0274093850000003	3.3026284199999929	3.5778474549999997	3.8530664899999967	4.1282855249999821	4.4035045599999858	4.6787235950000117	4.9539426300000002	5.2291616649999995	6.0487700000000002	6.6566500000000008	7.3509799999999945	7.5129600000000005	7.8469299999999995	8.5530900000000027	9.5231500000000011	10.013640000000002	10.859940000000025	12.375090000000025	12.932920000000001	13.49075	14.252420000000004	15.063230000000004	15.925910000000002	16.788589999999918	17.751370000000001	18.766019999999944	19.830720000000003	21.665279999999989	23.952109999999944	25.081419999999948	27.116180000000035	28.847000000000001	30.909060000000004	32.776380000000003	34.972210000000011	37.278150000000124	39.914419999999993	42.329560000000001	45.238830000000085	48.258210000000012	51.771720000000002	55.396250000000002	59.019870000000004	62.752690000000008	67.09066000000017	71.263010000000023	75.489960000000025	79.827020000000005	84.933030000000002	89.763310000000004	94.871140000000011	100.14095	106.07142	111.83536000000001	117.81861000000002	123.91379000000002	130.72241000000037	137.19978999999998	143.84279000000001	150.65050000000002	158.39187000000001	165.58451000000002	172.83175000000003	180.51669999999999	189.02702000000036	196.8785	204.94838000000001	213.29398999999998	222.41674	230.80330000000001	239.46195	248.23071000000002	257.97862999999921	266.96487999999999	276.00573000000003	285.20947000000001	295.44788000000074	304.87002000000001	314.45414	324.04008000000073	334.49597999999884	344.08192000000003	353.82892999999933	363.63326999999964	374.47046	384.32848999999999	394.13192000000004	404.04182000000031	414.98911999999876	424.95453000000003	434.81164999999999	444.66149000000001	455.38128999999969	465.23294999999933	474.97176999999908	484.71423000000004	495.27205000000004	505.01360000000005	514.59044000000051	524.82065999999804	534.12722999999778	543.43288999999947	552.73855000000003	562.69668000000001	571.73115999999948	580.71104000000003	589.63450000000012	598.99567000000002	607.53875000000005	615.97354000000053	624.19084000000055	632.95323000000008	640.84384000000011	648.62615999999946	656.23011999999949	664.31728999999802	671.64733999999999	678.70348000000172	685.43475000000001	692.49089000000004	698.62429000000009	704.43464000000006	710.02476999999999	715.77870000000235	720.66449	725.11530000000005	729.18573000000185	733.20247000000052	736.40566999999828	738.84810999999866	740.69450000000052	742.10681999999997	743.24523000000011	744.30719999999815	745.33368000000007	745.86329999999816	780.14300000000003	744.05968000000007	743.68111999999996	743.40811999999949	743.35443000000009	742.85443000000009	742.75443000000053	742.65443000000005	742.55443000000014	742.45443000000012	742.08416	740.53998000000001	738.94301999999948	737.32967999999948	735.04111999999805	733.76812000000007	731.80443000000002	729.89443000000051	HG3	4.5500000000000013E-2	9.1000000000000025E-2	0.13650000000000001	0.18200000000000024	0.22750000000000001	0.27300000000000002	0.31850000000000073	0.36400000000000032	0.40950000000000031	0.45500000000000002	0.50050000000000006	0.54600000000000004	0.59149999999999958	0.63700000000000145	0.6825	0.72800000000000065	0.77350000000000063	0.81900000000000062	0.86449999999999994	0.91	0.95550000000000013	1.0009999999999972	1.0465	1.0920000000000001	1.1375	1.1830000000000001	1.2284999999999973	1.274	1.319499999999997	1.365	1.410499999999997	1.4560000000000002	1.5014999999999965	1.5469999999999973	1.5925	1.6380000000000001	1.6835000000000002	1.7289999999999968	1.7745	1.82	1.8654999999999973	1.9110000000000003	1.9564999999999999	2.0019999999999998	2.0474999999999999	2.093	2.1385000000000001	2.1840000000000002	2.2295000000000011	2.2749999999999999	2.3205	2.3659999999999997	2.4114999999999949	2.4570000000000003	2.5024999999999977	2.548	2.5935000000000001	2.6389999999999998	2.6845000000000012	2.73	2.7755000000000001	2.8209999999999997	2.8664999999999967	2.9119999999999977	2.9575	3.0030000000000001	3.0485000000000002	3.0939999999999999	3.1395000000000004	3.1850000000000001	3.2305000000000001	3.2759999999999998	3.3214999999999977	3.3670000000000004	3.4124999999999939	3.4579999999999997	3.5035000000000012	3.5489999999999999	3.5945000000000005	3.64	3.6854999999999998	3.7309999999999999	3.7765000000000004	3.8219999999999987	3.8675000000000002	3.9129999999999967	3.9584999999999977	4.0039999999999996	4.0495000000000001	4.0949999999999891	4.1404999999999985	4.1859999999999955	4.2315000000000014	4.2770000000000001	4.3224999999999945	4.367999999999987	4.4135	4.4590000000000014	4.5044999999999975	4.55	4.5954999999999995	4.641	4.6865000000000006	4.7320000000000002	4.7774999999999999	4.8229999999999889	4.8684999999999965	4.9140000000000006	5.0049999999999955	5.0960000000000001	5.1869999999999985	5.2324999999999999	5.2779999999999996	5.3690000000000007	5.46	5.5510000000000002	5.6419999999999995	5.7329999999999997	5.8239999999999945	5.915	6.0060000000000002	6.0969999999999995	6.1879999999999891	6.2790000000000115	6.37	6.4610000000000003	6.5520000000000005	6.6429999999999945	6.7340000000000009	6.8249999999999789	6.9159999999999906	7.0069999999999917	7.0979999999999865	7.1889999999999885	7.2799999999999914	7.3709999999999916	7.4619999999999918	7.5529999999999875	7.6439999999999895	7.7349999999999905	7.8259999999999845	7.9169999999999918	8.0080000000000009	8.0990000000000002	8.19	8.2810000000000006	8.3720000000000248	8.4630000000000027	8.5540000000000003	8.6449999999999907	8.7360000000000007	8.8270000000000017	8.918000000000001	9.0089999999999968	9.1000000000000014	9.1910000000000007	9.282	9.3730000000000047	9.4640000000000004	9.5550000000000068	9.6460000000000008	9.7370000000000001	9.8280000000000012	9.9190000000000005	10.01	10.101000000000001	10.192	10.283000000000001	10.374000000000002	10.465000000000025	10.556000000000004	10.647	10.737999999999998	6.6849999999999881	7.2750000000000004	7.9489999999999998	8	8.2309999999999999	8.6300000000000008	9.4370000000000012	9.7710000000000008	10.347	11.538	11.927	12.428000000000001	12.986000000000002	13.599	14.268000000000001	15.104000000000001	16.050999999999988	17.053999999999988	18.170000000000005	20.059999999999999	22.603000000000005	24.138999999999999	26.56	28.876000000000001	31.734000000000005	34.329000000000001	37.164000000000001	40.481000000000002	44.584000000000003	48.567	53.152000000000001	57.979000000000006	63.77	69.501999999999995	75.474999999999994	81.81	88.989000000000004	95.867000000000004	103.04600000000002	110.346	118.733	126.636	134.6	142.92500000000001	152.27699999999999	160.964	169.834	179.00299999999999	189.14	198.67099999999999	208.38600000000034	218.27899999999997	229.19900000000001	239.38700000000034	249.68	260.03399999999908	271.52499999999969	282.23699999999889	293.13	304.14200000000068	316.17	327.36099999999999	338.613	349.98499999999933	362.49199999999877	374.101	385.71199999999908	397.322	410.01099999999963	421.61900000000031	433.34899999999999	445.02099999999933	457.887	469.55700000000002	481.34399999999999	493.005	505.62299999999999	517.28400000000136	528.94599999999946	540.48699999999997	552.98500000000001	564.46699999999828	575.88900000000001	587.25199999999938	599.63199999999949	610.87300000000005	622.05699999999865	633.12	645.08000000000004	655.96299999999815	666.78800000000172	677.49300000000005	689.03300000000002	699.20100000000002	709.12699999999938	718.92499999999939	729.48299999999949	738.96699999999828	748.33299999999815	757.57899999999995	767.48199999999997	776.30899999999997	784.95999999999947	793.36899999999946	802.37699999999938	810.37199999999996	818.06599999999946	826.12	832.92	839.42199999999946	845.44599999999946	851.53099999999949	856.54099999999949	861.25400000000002	865.90699999999947	870.73900000000003	874.73599999999999	878.55399999999997	882.13199999999949	885.71	888.99199999999996	892.27300000000173	895.495	898.83499999999947	901.63800000000003	904.80899999999997	908.02199999999948	910.98400000000004	914.49300000000005	913.50900000000001	915.35799999999779	917.029	918.16199999999947	918.93599999999947	919.29600000000005	919.53399999999999	919.59199999999998	919.59199999999998	919.41499999999996	918.93599999999947	918.28000000000054	917.62400000000002	917.029	916.43199999999865	915.83399999999949	915.23900000000003	914.76199999999949	914.04699999999946	913.27000000000055	912.31699999999842	911.12199999999996	909.51199999999949	907.66199999999947	905.45699999999829	902.89099999999996	899.90800000000002	896.80599999999947	893.28599999999994	889.11199999999997	883.44399999999996	884.10199999999998	871.47199999999998	858.09199999999998	842.76199999999949	827.01400000000001	811.32599999999866	795.57799999999997	777.86199999999815	761.51499999999999	745.82799999999804	731.69100000000003	717.971	706.43699999999865	TIME-Sec

LOAD in KN


28 days CONTROL
C1	6.7229999999999945	7.5179999999999945	8.3810000000000002	8.5980000000000008	9.06	9.7150000000000016	10.952000000000025	11.449	12.344000000000001	13.934000000000001	14.491	15.048	15.606	16.218	17.166	18.058	19.173999999999999	20.398	21.625	22.907999999999987	24.467999999999989	25.917000000000005	27.141999999999999	28.815000000000001	30.82	32.772000000000013	35.001000000000005	37.286000000000001	39.628000000000085	42.135000000000012	45.2	48.656000000000006	52.948	57.239000000000011	62.033000000000001	67.048000000000002	72.900999999999996	78.418000000000006	84.10299999999998	90.178999999999988	96.867000000000004	103.221	109.79700000000012	117.098	123.89700000000002	130.91999999999999	138.10900000000001	146.08000000000001	153.43700000000001	161.12900000000002	168.875	177.51399999999998	185.48500000000001	193.50899999999999	201.81399999999999	211.12300000000002	219.70399999999998	228.22300000000001	237.01399999999998	246.74299999999999	255.81100000000001	264.93299999999908	274.11	284.2819999999989	293.73599999999908	303.35700000000008	313.03099999999921	323.59199999999896	333.322	343.053	352.78299999999933	363.39799999999963	373.12700000000001	382.85899999999964	392.58799999999934	402.98299999999921	412.27	421.33599999999933	430.18299999999999	439.58300000000003	448.14600000000002	456.65400000000068	465.10500000000002	474.22099999999921	482.61799999999999	491.01599999999934	499.358	508.41699999999884	516.76	524.99199999999996	533.16699999999946	542.00699999999949	550.072	558.02800000000002	565.928	574.49099999999999	582.16899999999998	589.62800000000004	597.03	604.98500000000001	612.05699999999865	618.96199999999828	625.75699999999949	633.10500000000002	639.84399999999948	646.53	653.15899999999999	660.17499999999995	666.45599999999865	672.63	678.63599999999997	684.80899999999997	690.37400000000002	695.77400000000159	700.95399999999938	706.35399999999947	711.26	715.99800000000005	720.51699999999948	725.25699999999949	729.44299999999828	733.35699999999815	737.15899999999999	741.01699999999948	744.26699999999948	747.43599999999947	750.62199999999996	752.98099999999999	756.07600000000002	755.12300000000005	756.72199999999998	757.98900000000003	759.202	760.35799999999779	761.40599999999949	762.28700000000003	763.00400000000002	763.66499999999996	764.21600000000001	764.49099999999999	764.60199999999998	764.54699999999946	763.66499999999996	762.23299999999949	760.46799999999791	758.375	756.22699999999998	754.46199999999828	752.69900000000052	750.93499999999949	748.78599999999994	746.36199999999815	743.71600000000001	741.29200000000003	738.97699999999998	737.10400000000004	735.34099999999842	733.79800000000159	732.2	730.60199999999998	734.73900000000003	729.19	725.14599999999996	723.053	720.73699999999997	718.47699999999998	715.66699999999946	712.74699999999996	709.77200000000005	706.79600000000005	703.65499999999997	700.56899999999996	697.09699999999998	C2	6.7229999999999945	7.242	7.6269999999999945	7.9020000000000001	8.2449999999999992	8.7670000000000012	9.218	9.636000000000001	10.39	11.728	12.197000000000001	12.666	13.135	13.65	14.448	15.199	16.138000000000005	17.169	18.201000000000001	19.280999999999953	20.594000000000001	21.814000000000043	22.844999999999999	24.253	25.940999999999953	27.584	29.459999999999987	31.382999999999956	33.353999999999999	35.464000000000006	38.044000000000004	40.953000000000003	44.565000000000012	48.177	52.212000000000003	56.433	61.359000000000002	66.003	70.787999999999997	75.902000000000001	81.531000000000006	86.878999999999948	92.4140000000002	98.558999999999983	104.282	110.193	116.24400000000017	122.953	129.14499999999998	135.61899999999997	142.13900000000001	149.41	156.11899999999997	162.87300000000002	169.863	177.69800000000001	184.92100000000033	192.09100000000001	199.49	207.67899999999997	215.31100000000001	222.989	230.71299999999999	239.27499999999998	247.232	255.33	263.47199999999884	272.36099999999999	280.55099999999999	288.74099999999999	296.93099999999896	305.86500000000001	314.05399999999969	322.245	330.43400000000003	339.18299999999999	347	354.63099999999969	362.077	369.98899999999884	377.19600000000003	384.35700000000008	391.46999999999969	399.14299999999997	406.21099999999933	413.279	420.3	427.92499999999927	434.947	441.87599999999969	448.75700000000001	456.197	462.98499999999933	469.68200000000002	476.33099999999934	483.53799999999927	490.00099999999969	496.279	502.50900000000001	509.20499999999993	515.15699999999947	520.96899999999948	526.68799999999999	532.87300000000005	538.54499999999996	544.17200000000003	549.75199999999938	555.65699999999947	560.94399999999996	566.14	571.19500000000005	576.39099999999996	581.07500000000005	585.62	589.98	594.52499999999998	598.654	602.64199999999948	606.44599999999946	610.43499999999949	613.95899999999949	617.25300000000004	620.45299999999804	623.70000000000005	626.43599999999947	629.10299999999938	631.78500000000054	633.77000000000055	636.375	635.57299999999998	636.91899999999998	637.98500000000001	639.00599999999997	639.97900000000004	640.86099999999828	641.60299999999938	642.20600000000002	642.76300000000003	643.226	643.45799999999815	643.55099999999948	643.505	642.76300000000003	641.55699999999865	640.072	638.30999999999949	636.50199999999938	635.01699999999948	633.53300000000002	632.048	630.23900000000003	628.19900000000052	625.97199999999998	623.93199999999865	621.98299999999949	620.40699999999947	618.923	617.62400000000002	616.27900000000136	614.93399999999997	618.41599999999949	613.74599999999998	610.34199999999828	608.58000000000004	606.63099999999997	604.72900000000004	602.36399999999946	599.90599999999949	597.40199999999948	594.89699999999948	592.25300000000004	589.65599999999949	586.73400000000004	C3	6.6849999999999881	7.008	7.234	7.3519999999999985	7.4909999999999997	7.7880000000000003	7.9429999999999996	8.2240000000000002	8.7089999999999996	9.7110000000000003	10.039	10.46	10.93	11.446	12.009	12.713000000000001	13.51	14.354000000000006	15.293000000000001	16.324999999999999	17.684999999999999	19.187000000000001	20.780999999999953	22.562999999999953	24.675000000000001	26.692	28.896999999999988	31.475999999999956	34.666000000000011	37.763000000000012	41.328000000000003	45.081000000000003	49.584000000000003	54.041000000000004	58.685000000000002	63.611000000000004	69.192999999999998	74.540999999999997	80.122999999999948	85.799000000000007	92.32	98.465000000000003	104.65799999999999	111.131	118.402	125.157	132.054	139.18300000000002	147.065	154.476	162.03	169.72200000000001	178.21299999999999	186.13399999999999	194.13800000000001	202.18800000000007	211.12300000000002	219.45200000000034	227.92200000000034	236.48400000000001	245.83700000000007	254.53800000000001	263.28699999999884	272.12900000000002	281.85399999999993	290.88099999999969	299.90899999999908	308.93599999999884	318.80200000000002	327.82799999999969	336.94900000000001	346.024	356.02799999999934	365.10199999999969	374.267	383.334	393.14499999999998	402.21199999999908	411.28	420.25299999999999	429.97099999999921	438.899	447.78	456.61500000000001	466.24099999999999	474.98200000000003	483.678	492.28	501.57900000000001	510.041	518.45799999999815	526.78200000000004	535.755	543.66099999999949	551.37900000000002	558.99699999999996	567.20600000000002	574.58100000000002	581.86300000000006	589.05199999999866	596.75199999999938	603.61599999999999	610.34199999999828	616.88099999999997	623.88499999999999	630.101	636.08399999999995	642.3459999999983	647.63300000000004	652.68900000000053	657.37300000000005	662.10400000000004	666	669.66399999999999	673.28200000000004	677.03899999999999	680.14699999999948	683.11599999999999	685.89800000000002	688.68000000000052	691.23199999999997	693.78300000000172	696.28800000000172	698.88499999999999	701.06499999999949	703.53	706.029	708.33199999999829	711.06	710.29500000000053	711.73299999999949	713.03199999999947	713.91300000000001	714.51499999999999	714.79500000000053	714.98	715.02499999999998	715.02499999999998	714.88699999999949	714.51499999999999	714.005	713.495	713.03199999999947	712.56799999999828	712.10299999999938	711.64	711.26900000000001	710.71299999999997	710.10900000000004	709.36799999999789	708.43899999999996	707.18700000000001	705.74900000000002	704.03399999999999	702.03899999999999	699.72	697.30799999999829	694.57100000000003	691.32499999999948	686.91800000000001	687.43	677.60900000000004	667.20600000000002	655.28599999999994	643.04099999999949	630.84299999999791	618.59799999999996	604.82299999999816	592.11300000000051	579.91499999999996	568.923	558.255	549.28700000000003	TIME Sec

LOAD in KN
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