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Abstract             

 The aim of this thesis was to evaluate the use of dynamic excitation as a method for stiffness 

and strength grading of wet side boards of narrow dimensions. The need for such an 

investigation has previously been identified in an ongoing research project in which the 

possibility to use side boards as lamellae in wet glued glulam beams is investigated.  

     The assessment of the dynamic excitation method was carried out by means of 

experimental work and measurements.. The approach was quantitative in the sense that the 

data was collected through experiments performed on a rather large population and that the 

results were analyzed using statistical methods. 

     To investigate the effect of moisture content on stiffness of narrow dimension, side boards, 

the stiffness was measured in three states: 

- in wet state, before splitting the boards, 

- in wet state,  after splitting the boards, and  

- in dry state (splitted boards). 

     The conclusion, after calculations and analysis of all the results, was that the natural 

frequency and stiffness of wet boards could, with a high degree of reliability, be predicted by 

use of the dynamic excitation method. There was a strong correlation in stiffness between wet 

state split boards and dry state split boards, with a coefficient of determination of 0.93.  
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1. Introduction 

In this master’s thesis work, the possibility to use a dynamic excitation method for stiffness 

and strength grading of wet side boards of narrow dimensions was evaluated. The technique 

on which the investigated method is based is that dynamic vibrations are used to determine 

the stiffness of wet side boards of softwood. 

 

1.1. Background 
Even though the use of wood in construction is increasing, it is still difficult for saw mills to 

sell side boards with narrow dimensions at a good price. However, since the outer woods in 

general have a higher density and a higher modulus of elasticity than material from the central 

part of the log, side boards have a structural potential that is not utilized today. Considering 

the excellent stiffness properties of these woods, there should be a market for structural 

products made of such boards. In order to avoid both waste of material and an expensive 

preparation process side, the possibility to glue wet side boards into glulam beams is studied 

in a research project at Växjö University (VXU).  

     When side boards are dried before they are glued together, they twist, cup and shrink due 

to fibre inclination and reduction of the moisture ratio. Due to such distortions, some boards 

become useless and the material is wasted. In the above mentioned research project at VXU 

and in order to avoid such waste, wet side boards are glued together into beams that are 

subsequently split, dried and planed. When the wet glued beams are dried, the effect of 

shrinkage, cup and twist of individual boards is reduced. If the outer boards had been graded 

before the gluing process, an even better beam would be achieved. 

     The non-destructive test method that was used in this thesis work provides accurate 

information pertaining the properties and performance of the material. In performing the 

strength grading of the wood, dynamic excitation is used in the longitudinal direction of the 

board. The vibrations of the boards are detected using an MTG Timber Grader and the 

frequency content of the vibrations is calculated using Fast Fourier Transformation. After 

detecting the eigenfrequency corresponding to the first mode of vibration in the longitudinal 

direction of each board, it is easy to calculate the average longitudinal stiffness of the board. 

The longitudinal stiffness in turn reciprocates with the strength of the board in such a way that 
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a useful, though not excellent, prediction of the strength may be carried out and the board 

assigned to a particular strength level 

 

1.2. Aim and objectives  
The aim of the thesis was to find the Young's modulus and strength grading of wet side boards 

of narrow dimensions by using dynamic vibration techniques. A commonly used method for 

strength grading of wood is to use a dynamic excitation in the longitudinal direction of wood 

members. The purpose is also to study the reversed lamination effect, which means that the 

stiffness is measured firstly on a whole board and secondly one the two parts that are obtained 

when this board is split.  

     The objectives of the thesis work were to determine moisture content of each board before 

drying, and density and eigenfrequency of each board both before and after drying. The 

eigenfrequency that was measured corresponds to the first mode of vibration in the 

longitudinal direction of the board. Boards of approximate dimensions of 25×120×3000 mm3 

are evaluated in wet state only. After splitting, boards of approximate dimensions of 

25×58×3000 mm3 were evaluated. Finally, the results from the laboratory work were analyzed 

by use of static methods.  

      

1.3. Limitations  
In this master's thesis, the following limitations should be mentioned: 

Measure the stiffness of narrow dimensions side boards in wet state before measuring the 

stiffness of side boards in dry state  

     The evaluation of  stiffness in the longitudinal direction of the boards was carried out with 

a dynamic excitation method because it is cheaper and more convenient to use than methods 

that are based on for example gamma rays or X rays which are more expensive and more 

difficult to operate. 

     The dimensions of side boards were standard, not exceeding 25×120×3000 mm3 before 

splitting the boards and not exceeding 25×58×3000 mm3 after splitting. 

During the dynamic excitation tests, only simply supported boundary conditions were used.  

The eigenfrequency of each board corresponding to the first mode of vibration in the 

longitudinal direction was used for the measurement of stiffness.  
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1.4. Hypothesis 

The hypothesis of our project was that the stiffness of wet side boards of narrow dimension is 

well correlated to the board stiffness in the dry state. If the hypothesis is true, it will be 

possible to utilize wet side boards of narrow dimension for manufacturing of wet glued 

glulam beams. It is also expected that the stiffness and strength properties of the wet glued 

glulam beams will be equally good as that of dry glulam beams.  

1.5. Expected Results 

As described in chapter 1.2 Aim and objectives, the procedure of the thesis work was, firstly, 

to perform experiments on the side boards in wet state before and after splitting the boards, 

calculate the stiffness of each board. Secondly, this process was repeated in the dry state after 

splitting the boards. We expected that experiments results of stiffness and strength properties 

for wet side boards should be equally good as corresponding properties for dry side boards of 

narrow dimensions. The results from this thesis work will be very useful in future research 

even if it turns out that the hypotheses is false. 

1.6. Methodology 

In this chapter the research method used in this master thesis work is described and the choice 

of method is clarified. The research purpose and data collection method is also further 

explained. 

1.6.1. Choice of Research Method 

There are several research methods that could be used to carry out research that is associated 

with a research problem. According to (Yin, 1994) while conducting the research there are 

three types of research purposes that could be used for solving a research problem. These are 

exploratory, explanatory and descriptive research. Brief descriptions of these purposes are as 

follows: 

1.6.1.1.Exploratory Research 

Exploratory research is often used when the research issue is not well known. The method 

helps the researcher to collect information that is, as much as possible, related to the specific 

problem. It is also useful for determination of the best research design, data collection method 
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and selection of experiment of laboratory. Exploratory is quite informal when it applied on 

secondary search such as literature reviews or qualitative approach, and more formal when it 

depends on quantitative approach (Yin, 1994).  

Exploratory Research allows the researcher to develop relevant hypotheses and propositions 

for further inquiry and helps the researcher to gather the possible information for the problem. 

Characteristic  

• Exploratory research is used for new or undiscovered topics. 

• Uncovers basic facts about the topic. 

• Formulates and focuses on questions for later studies. 

• Suggests directions and feasibility of future research. 

• Frequently uses quantitative techniques to develop initial data and ideas. 

1.6.1.2.Explanatory Research 

The primary goal for this type of research method is to understand the nature of the research 

issue. This approach is used when it is necessary to show that one variable determine the 

value of other variables (Zikmund, 1994).When we encounter an issue for which a description 

is already known, we might begin to wonder why things are the way they are. The desire to 

know to “why” explains the purpose of explanatory research. The method builds on 

exploratory and descriptive research and goes on to identify the reasons for something that 

occurs. Explanatory research looks for causes. 

The explanatory research is more concerned about the making of causal claims (Yin, 1994). It 

is used to provide the internal validity and to find out whether one event is dependent on other 

events. If the researcher is unable to find the answer then the researcher has failed to cope 

with the internal validity.  

Characteristic  

• Determine which of several explanation is best. 

• Focuses on “why”, or the reason why a situation or behavior occurs. 

• Much of the research that is published in journals is explanatory. 
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1.6.1.3.Descriptive Research 

The descriptive research is commonly used to recognize the reason that something is 

happening. The descriptive approach is used to identify and analyze the links. It is applicable 

when a problem is well known and there is no need to investigate effect relation (Yin, 1994). 

Characteristic  

•  Presents a picture with specific details of the situation or behavior. 

•  Requires a focused research question/topic. 

•  Often blurs with/follows exploratory research. 

•  Focuses on “how” and “who” questions. 

Our research question and purpose exposed that this study is exploratory. It is exploratory 

because data will be collected through laboratory experiment results and it depends on 

quantitative approach. 

1.6.2. Research approach 

There are two types of scientific research approaches; quantitative and qualitative. The 

difference lies in the ways of tackling and analyzing. Our research concerns with  

quantitative approach. 

1.6.2.1.Qualitative Approach 

According to (Yin, 2002). qualitative approach focuses on describing an event with the use of 

words. Qualitative research is concerned with collecting, analyzing and interpreting data by 

what people do and say. It can also be referring to meanings, concepts and characteristics 

(Yin, 2002). In the qualitative approach, data is typically in the form of words or pictures. 

     The qualitative approach is more subjective than quantitative approach and it rely on very 

difficult methods of collecting information. 

1.6.2.2.Quantitative Approach 

In the quantitative approach, data and results are based on numbers and statistics that are 

presented in figures. Thus, the quantitative approach requires that data can be expressed 

numerically. After the collection of data, statistics is used to analyse the data. This is done by 

arranging the data in tables, making graphs or presenting summary statistic of it (Gudmund, 

2003). Quantitative research refers to counting and measuring of things.  
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     Most research topics can be studied both quantitatively and qualitatively but our thesis 

research relates to only quantitative approach because data will be collected through 

laboratory experiment and depend on numbers and statistics. 
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2. Wood as an Engineering Material 

The objective of this chapter is to describe the different kinds of timber. For this purpose, the 

material is divided into three categories: softwood, hardwood and Engineered Wood Products 

(EWP) such as plywood and glulam beams. Selection of wood depends on various factors: 

strength, hardness, grain characteristics, weight, colour, durability ,availability and prise.  

2.1. Softwood 

Softwood is wood of coniferous trees. The open grained wood of pine, cedar are notable has 

one kind of soft wood. Softwood trees are generally evergreen with needles like leaves e.g. 

conifers. Softwoods rays develop in the radial direction of the trees (Porteous et al. 2007).  In 

the rays, nutrients is stored and transported. The most common coniferous trees in Sweden are  

Norway Spruce (whitewood) and Scots pine (redwood). 

Characteristic 

In Northern Europe, softwood has a slow growth rate resulting in high density timber with 

relatively high strength. Estimated spruce forests in Sweden consist of 1257 million cubic 

meters (Skogsstyrelsen, 2006) and the falling time of spruce is 60-80 years. Pine has a falling 

time of 80-120 years and its highest growth rate is between 30-40 years. Height of pine is up 

to 30 m in Sweden (Boutelje et al. 1995). Softwood is commonly available and comparatively 

cheap.  

 

Structure of the softwood cell 
Structure of softwood consists of three different cell types: Tracheids, epitel cells and 

parenchyma cell. The parenchyma cells are responsible for the storage of nutrients and located 

near the rays. 

     The epitel cells produce a semisolid substance called resins which is important for 

heartwood formation. Resin is a semisolid substance secreted in the sap of plants and trees. 

The epitel cells also have storage and transport function (Dinwoodie, 2000). 

Tracheids are dead cells that support the structure. More then 90 % of the cells are tracheids. 

The heartwood tracheids have aspirated pits.  Tracheids are responsible for transport of water 

and nutrients in the sapwood where the pits are open (Fengel and Wegener, 1984).                                           
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                           Figure 1: Structure of cell wall of softwood       

 

     The layer structure of a fibre cell is illustrated in Figure 1 The inner most layer is called 

wart layer (W) followed by inner layer (S3), the middle layer (S2), the outer layer (S1) and 

primary layer (P) (Bergström and Blom, 2005). 

     Between the individual cells there is a layer, the middle lamella (ML), which glues the 

cells together to form the tissue. In the primary layer (P) the cellulose microfibrils are 

arranged in random and irregular network. In the wood tissue, the secondary wall further 

consists of three different layers S1, S2 and S3. The outer most layer, S1, is very thin (0.1 to 

0.2 µm) and has microfibril angles of about 50 to 70°. The bulk of the secondary wall is made 

up of the S2 layer, which is several micrometres thick with microfibril angles varying  from 5 

to 20°, whereas in the S3 layer the microfibrils are arranged with a gentle slop (Parham and 

Gray, 1984). 

2.2. Hardwood 

Hardwood are from broad leaved tree, which often lose their leaves at the end of each growing 

season. The cell structure of hardwoods is more complex than that of soft woods with thick 

walled cells called fibres and thin walled cell call vessels. However, we will not probe further 

into the structure of hardwood, since our thesis work only concerns softwood. 

ML
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2.3. Engineered Wood Products (E.W.P) 

Engineered Wood Products, EWP, are composite wood product that are developed in different 

ways.  For example, lumber could be glued together to form laminated timber or glulam, or 

veneer, i.e. sheets that are peeled from logs, are bound together to produce plywood or 

laminated veneer lumber (LVL). Another method is to use slices or chips of different forms to 

produce parallel strand lumber (PSL) known as parallam. These products are engineered and 

tested to predetermined design specifications in order to meet national or international 

standards (Porteous et al. 2007). Products under development include various moulded, 

extruded and other structural and non-structural composites.  

Advantages of Engineered Wood Products: 

• Overcome weaknesses of solid wood. 

• Structural members of  “any size”. 

• Taking advantages of low-quality raw material. 

• Less variability and higher design strength. 

• Shape stability  

There are different types of Engineered Wood Products with different strength. 

• Plywood. 

• Laminated veneer lumber (LVL). 

• Laminated strand lumber (LSL). 

• Parallel strand lumber (PSL). 

• Glued laminated timber (glulam) (Porteous et al. 2007). 

2.3.1. Plywood  

Plywood is a board made by gluing and compressing thin layers of wood together with grain 

of each layers at right angles. Plywood, shown in Figure 2, was the first type of engineered 

wood product Examples are block boards and laminated boards. 

     Plywood may be of softwood or hardwood, or combination of both. Available plywood 

sheet sizes are 1200×2400 mm2 and 1220×2440 mm2. Structural plywood and plywood for 

interiors use are generally made with water proof adhesive that is suitable for several exposure 

conditions. The structural properties and strength of plywood depend mainly on the number 
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and thickness of each ply, the species, grade and the arrangement of the individual plies 

(Porteous et al. 2007). 

                
 

Figure 2: Plywood 

 

2.3.2. Laminated Veneer Lumber  

LVL is an Engineered Wood Product that consists of defect free veneers glued together to 

achieve beams with longer and thicker dimensions and high strength. LVL is affected with 

less warping and twisting compared to solid wood. Laminated veneer lumber, shown in 

Figure 3,  is straighter and more uniform compared to typical lumber. The production is made 

in factories under controlled conditions. (Porteous et al. 2007) and it is used for structural 

framing and I-joist flanges. 

 

 
 

Figure 3: Laminated Veneer Lumber 

 

2.3.3. Laminated Strand Lumber 

Laminated strand lumber is manufactured up to 300 mm in length and 30 mm in width. It can 

be produce by using various species of wood fibre in different kind of dimensions. The 

bending strength of laminated strand lumber ranges from about 60 % to that of laminated 
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veneer lumber depend upon the used grade. Laminated veneer lumber is often utilized as load 

bearing header material (Porteous et al. 2007). 

2.3.4. Parallel Strand Lumber 

Parallel strand lumber is made of different parts of wood strand elements that are combined 

together adhesively with wood fibres as shown in Figure 4. The parallel strand lumber is 

gotten from peeling small diameter logs into veneer sheet. These sheets are dried and then cut 

into thin long strands oriented parallel to one another (Porteous et al. 2007). 

     Parallel strand lumber is a glued manufactured product, so parallel strand lumber can be 

made in long lengths but due to transportation difficulties it is limited to 20 m. There is less 

shrinkage, warping and splitting in PSL compared to laminated veneer lumber (Porteous et al. 

2007). Parallel strand lumber has high density and is common in Canada and USA. 

 

 
Figure 4: Parallel Strand Lumber 

 

2.3.5. Glued laminated timber (Glulam) 

Glued laminated timber, also called glulam, is fabricated from section of boards or 

laminations placed on top of each other and glued together so that they form a beam cross 

section of the shape desired, see Figure 5. These structural members are used as beams, 

vertical columns, as well as curved arching shape. Glued laminated timber members are 

connected with bolts and steel plates (Serrano, 2003).Glued laminated timber (glulam) made 

with at least four laminations, all of which must be softwood. 
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Figure 5: Glulam made at least four laminations, all of which must be of softwood. 

 

2.3.5.1.History of glulam timber 

Although glued timber construction have been used for centuries, the first used of glued 

laminated timber was in Germany in 1890 by Otto Hetzer. So approximately for about one 

hundred and nineteen years, glulam have been  used as a material witch enhances the 

performance compared to wood. Early examples of glulam structure still in use are the railway 

stations in (Malmo, 1922) and (Stockholm), Sweden (Serrano. 2003). 

2.3.5.2.Horizontal and vertical glued laminated timber 

Glulam is obtain by stacking a number of boards with the grain running parallel and can be 

formed as horizontal glued laminated timber and vertical glued laminated timber. Horizontal    

glulam is glued laminated timber where the glue line planes are perpendicular to the long 

length of the cross-section. Vertical glulam is glued laminated timber where glue line planes 

are perpendicular to the short length of cross-section (Porteous et al. 2007). 

 
                                                                        
                                                                                         
 
                                                                                           

 
 
 
 
                          (a)                                                        (b) 
 

Figure 6: (a) Horizontal glulam cross-section (b) Vertical glulam cross-section. 
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2.3.5.3.Glulam Advantages             

• Improved strength and stiffness properties compared to solid wood.. 

• Freedom in the choice of geometrical shapes. 

• Possibility to match the lamination qualities in relation to expected stress levels. 

• Improved accuracy of dimensions and stabilities of shape during exposure to moisture 

(Serano, 2003). 

2.3.5.4.Ordinary or Dry glulam 

Dry or ordinary glulam is developed from small section of a number of boards or laminations 

placed on top of each other after drying and then glued together so that they form a cross 

section of the shape desired. When boards or laminations are dried they twist or shrink due to 

internal stresses, so some boards becomes useless and material is wasted. 

2.3.5.5.Green or Wet glulam 

Green or wet gluing is defined as bonding of non dried wood (Källander, 2002). Such wood 

generally shows a moisture content (MC) above fibre saturation. The concept of green gluing 

also includes bonding of wood with unknown or uncontrolled MC, an effect of the great 

variation in moisture content at time of sawing between different logs and different parts of 

the same log. 

     In order to avoid waste of material, and expensive preparation process side, boards are 

glued together before drying. There after assembled green glulam beam is dried and planed. 

As mentioned earlier, when boards are dried before they are glued together, they twist, but 

when wet glulam beams are dried, the effect of individual boards twisting is reduced. 
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3. Timber Grading 

Timber grading is the process by which timber is sorted into groups with ideally, similar 

appearance or structural properties in each group. Inevitably there is a range of properties 

within a group and significant overlap in properties between the groups. 

     Timber is specified by its grade, so it is important to understand the meaning of  grading 

and the implied properties and characteristics of each grade. When we are concern with 

mechanical properties for solid wood according to our specification, grading is the only way 

to obtain a desired quality. Grading is also necessary to predict stiffness and density. In 

Europe, visual grading rule was introduce in 1930 (Glos, 1995) and in 1950 non destructive 

testing was introduced in Australia and USA (Madsen, 1992). 

     Sorting based on a product’s appearance is quite different from the sorting that is used for 

structural products. The sets of criteria are quite different. As there may be cases where the 

timber has both appearance characteristics and structural properties, it is important that all 

users of timber understand the implication of both types of grade. In this chapter we will 

discuss visual grading and machine grading and also non destructive tests. 

3.1. Strength reducing characteristic 

There are various types of defects in timber such as, knots, top rupture, compression wood, 

decay and slope of grain (Johansson et al.1998)  

The most important defects are: 

• Knots are very serious defects, see Figure 7, which reduce the strength of timber. In 

timber pieces, knots are present in large amounts. About 95 % of failures in red wood 

(Sequoia.s) and about 91 % of failures in Norway spruce, (Johansson, 1998) are 

caused by knots. They affect the strength of timber both by the cross-section reduction 

and the fibre distortion around them.  

              
Figure 7: Knots in  timber (Johansson, 2009). 
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• Compression wood strongly reduces the MOE. Furthermore, it is very difficult to 

detect. 

• The slope of grain has previously been hard to detect (Perstorper, 1999) but today 

there is scanning equipment on the market by which the fibre direction could be 

established. 

 

3.2. Types of grading 
 
There are two types of grading: Machine grading and Visual grading.  

3.2.1. Machine grading 

There are several non destructive methods by which bending stiffness of solid wood members 

could be determined. One principle is based on a three point loading test with two support 

rollers and one load roller is carried out continuously.. The span length is between 600 and 

1200 mm. The most common is around 900 mm. The timber is passed through the machine 

between load and support rollers. Two systems for measuring the flat wise stiffness/ MOE 

exist: 

1. The load is kept constant and the deflection is measured. 

2. The timber is forced to a certain pre-set deflection, and the load required to maintain this 

deflection is measured. The bending stiffness EI can be determined according to  

EI=
ρ•48

3FL  

F=applied force  
l=span length. 
ρ=deflection 

The stiffness and MOE include information about wood properties and defects such as knots, 

slope of grain and compression  wood. We can predict the strength, stiffness and density with 

the help of this method. Following chart (Figure 8) shows the machine strength grading in 

Sweden.                                    
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Figure 3.2: Machine strength grading in Sweden (Hoffmeyer, 1995). 

 
Other non destructive techniques of machine grading that should be mentioned are:  

1. Radiation technique, in which the density of the material is determined by using x-rays or 

gamma rays. In this technique, an array of sensors is used. In knots regions, the  density is 

higher than in the surrounding material. Therefore location, size and shape of knots can be 

obtained. If more sensors are used, the result will be more accurate (Boström,1999) 

2. Vibration technique. In this technique, the MOE is determined by use of dynamic testing 

and  Fast Fourier Transformation. According to following formula MOE is expressed as: 

 
 

In U.S.A., UK, Australia, New Zealand and Scandinavian countries different grading 

machines have been used since the 1960s 

3.2.1.1.Dynamic Vibration Method 

In our thesis we concern only with the dynamic vibration method. The advantage of dynamic 

method is that the bending stiffness is assessed directly. The method, which is  based on 

longitudinal vibration, was already in 1991 foreseen to be very beneficial for future grading 
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tools (Ross and Pellerin, 1991). The experiment was done by placing the boards on a digital 

balance on a free condition making it easier to experiment on the boards. The eigenfrequency 

of each board corresponding to the first mode of vibration in the longitudinal direction was 

taken with the MTG Timber Grader and the graph of each frequency was stored as a file in the 

computer. 

The stiffness was calculated from the values of frequency and density by considering axial 

modes of vibration.  

3.2.1.2.Operation and control of grading machine  

There are two types of control systems; 1. Out put control systems, and 2. Machine control 

systems. In Machine control systems, quality of timber is controlled by setting the machine 

and checking the performance. This control system is widely used in Europe.  

     A new approach was introduced by Roger, (1997) in which the machine performance is 

compared with that of a perfect machine capable of grading each piece of timber to its 

optimum grade. For pieces which are wrongly upgraded, the weighting factors have contrary 

effect on the acceptance of the machine and its setting. Those pieces which are downgraded 

wrongly the effect of the weighting factors is less harsh. 

Output control features: 
• Proof-loading of limited number of pieces per shift (5 pieces per grade and dimension 

per shift). 

• Used in USA and Australia. 

• Preliminary setting based on limited testing (60 pieces per grade and dimension). 

• If the grading is “in control” adjustment of the settings is allowed to increase the yield 

(requires extra proof-loading) (Roger, 1997). 

 

3.2.2. Visual Grading 

According to this method the piece of wood is inspected visually to ensure that  visible defects 

are within specific limits described in the relevant grading rule. Visual grading is the old 

technique of determining a stress grade. It is still used for many structural products in 

Australia (including most seasoned and unseasoned hardwoods, and unseasoned and thicker 

seasoned softwoods). It is also commonly used in Europe and North America. 
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     In a visual grading method, an experience grader visually inspects each and every piece of 

timber produced. This visual inspection is done in accordance with either the hardwood or 

softwood visual grading Standards, which define rules as to the type’s sizes and positions of 

physical characteristics that are allowed into each “group” or Structural Grade of material. 

The size and location of knots and other strength reducing characteristics in each piece is 

compared with the size and location of these characteristics allowed in the various grading 

classifications. The highest grades allow fewer and smaller characteristics in each piece of 

timber. (timber.org.au, 2007) 

Advantages of Visual grading: 

Simple and cheap. 

Quality can easily be checked.  

Disadvantages of Visual grading: 

Low capacity and low yield. 

.Only simple defect combinations are possible. 
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4. Laboratory work on boards. 

The objectives of the laboratory work described below is to determine moisture content in the 

boards before drying, density before and after drying and the eigenfrequency of each board 

corresponding to the first mode of vibration in the longitudinal direction. The eigenfrequency 

is measured both before and after drying. Boards of approximate dimensions of 25×120×3000 

mm3 are evaluated in the wet state only. After splitting, boards of approximate dimensions of 

25×58×3000 mm3 are evaluated in both wet and dried condition. A short description of the 

employed measurement equipment is given below followed by a detailed description of 

different steps in the laboratory work along with comments regarding different observations. 

Measurement results and analysis of these are given in separate chapter 5. 

4.1. Laboratory Equipments 

This section includes descriptions of various types of laboratory equipments used in the 

experiments, such as MTG Timber Grader, digital balance, vernire caliper and saw machine.  

4.1.1. M T G Timber Grader 

An MTG Timber Grader is an advanced and simple device for measuring the eigenfrequency 

and for assigning a board to a strength class. The MTG Timber Grader set consists of a MTG 

handhold device with battery charge, see Figure 9, an instrument case, a reference book, 

bluetooth stick, security key, PC software  and operating instruction. 

 

 

  
Figure 9: M T G Timber Grade 
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4.1.2. Digital balance weight  

The digital balance, see Figure 10, is a measuring instrument for measuring the weight or 

mass of an object. During the laboratory work related to this thesis, digital the balance was 

used for measuring the weight of side boards and small specimen. The reading error is 0.02 g. 

The digital balance should be in zero position before taking weight. While taking the weight, 

board should be in balance. When in use, its upper measuring surface should be clean, which 

minimize the reading error. 

 

 
 

Figure 10: Digital balances 

 

4.1.3. Vernire Caliper 

The Venire caliper is a precise measuring instrument; the reading error is 1/20 mm = 0.05 

mm. It takes very accurate reading between two points. It can take linear and cylindrical 

measurement. A caliper is a device used to measure the distance between two symmetrically 

opposing sides.  

 
Figure 11: Digital vernire calipers 
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4.1.4. Measuring Tape  

A tape measure or measuring tape is a flexible form of ruler. It consists of a ribbon of cloth, 

plastic, fiber glass, or metal strip with linear-measurement markings. It is a common 

measuring tool as shown in Figure 12. Its flexibility allows for a measure of great length to be 

easily carried in pocket or toolkit and permits one to measure around curves or corners. 

 

 
Figure: 12 measuring tape 

 

4.1.5. Saw Machine 

A saw machine is a very important part of a carpentry shop. Without this machine the 

carpentry shop is not complete. By use of the saw machine, we could cut wood according to 

our specific requirements. It can cut longitudinally, vertically and in different angles. 

 
Figure: 13 saw machine 
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4.2. Procedure of Laboratory Work     

In this chapter, the various steps of the laboratory work included in this master’s thesis are 
described. 

4.2.1. Preparation and measurements of wet boards and specimen 

First of all, the wet boards that we received from the University were of dimensions 

25×120×3900 mm3, but our required dimensions were 25×120×3000 mm3.Accordingly, 450 

mm were cut from each end of each board and a small specimen of 25×100×120 mm3 was 

also cut from one of the 450 mm lengths as shown in Figure 14. These small specimen should 

be free from knots and resin pockets. 

     After cutting, the boards were weighted and then kept in a wet state. To avoid the wet 

boards from drying out, they were covered with a leather material and some water was added 

to keep the moisture content constant. Before splitting the boards, they were weighted again to 

compare the results and see if there were differences between the weight at the time of length 

cutting and at the time of splitting the boards. Some interesting differences were noticed in 

weight which will be more elaborated in the analysis. Some boards became lighter and some 

became heavier due to the moisture content. Since the boards were kept in a stack, the change 

of weight between the boards was probably caused by the fact that boards in the lower part of 

the stack  absorbed water from the top boards. 

     The weighing  of each board was done by placing them on the  digital balance which gave 

the accurate values. After taking the weight the boards were placed on a simply support i.e. 

two stands of about 2500 mm distance from each other so that the boards were in a balanced 

position. The digital vernire caliper was used to measure the dimensions of each board by 

taking the width at each end and in the middle of the board and then the average value was 

calculated and same procedure was adopt for the measurement of thickness. 

     The eigenfrequency of each board corresponding to the first mode of vibration in the 

longitudinal direction was taken with the MTG Timber Grader and the graph of each 

frequency was stored in a file in the computer. The frequencies of each board vary from one 

another due to property variations in the boards, such as the occurrence of knots and annual 

ring width variation.. All the data from the measurements were compiled in a tabular manner 

and the values that was calculated manually was also compiled and tabulated. 
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     After measuring the weight and calculating the volume of each wet boards, the density of 

the boards were calculated. The stiffness which is the main aim of this research was calculated 

from the values of  density and by using the eigenfrequency of each board corresponding to 

the first mode of vibration in the longitudinal direction. The stiffness values were also 

compiled and tabulated. 

                                        
   

 

 25mm                      1                                                                                                      

 

                   350mm 100mm                    3000mm                                       450mm                                             

                                                                   (b)         

                                           

  

25mm                                                                                                                        120mm                               

                                                                                                                                   

                                                     3900mm    (a) 

         Figure 14: (a) Delivered wet side board of dimension 25×120×3900  mm3.                                              

                           (b) Dimension 25×120×3000 mm3 of wet board after cutting and also  

                           100 mm wet specimen for measuring the moisture content of the boards.  

      

The small specimen cut from each board was placed on a digital balance. The weight of each 

specimen was taken, and the difference in weight varied from one board to other board. Some 

boards with high weight have a small specimen weight while some boards with lighter weight 

have a high specimen weight.  

     The width and thickness of the small specimen was measured at the middle of the 

specimen. Moisture content of the small specimen was kept constant when taking the weight 

and dimensions. After taking the values of weight and dimensions in wet state, the small 

specimens were dried in an oven for 24 hours at a temperature of 105 °C. The specimens 

should be knots-free because due to knots the weight and dimensions would not be accurate. 

For the same reason, the specimens should also be free from resin pockets. The moisture 
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contents of small specimens are given in Appendix 1.  The moisture content was calculated by 

using following formula  

Moisture Content =    100
)(
×

−

d

dw

W
WW

 

where 

                    wW    = weight of specimen at wet state 

                    dW    = weight of specimen at dry state 

                                            

4.2.2. Preparation and measurement of wet split side boards 

The boards were split in the longitudinal direction into two parts of dimensions of about 

25×58×3000 mm3 to be evenly equal to each other in length and width. The boards were 

named 1a and 1b, serially and alphabetically, see Figure 15. The reason for this is to be able to 

indentify each individual board. 

     Each of the split board was weighted again and its dimension was measured with the 

digital caliper. After calculating the volume of each split boards, the density was calculated. 

Difference in weight and dimension was observed after splitting these boards. The 

eigenfrequency of each split board was measured by with the MTG Timber Grader and the 

stiffness calculated from the values of density and the eigenfrequency of each board 

corresponding to the first mode of vibration. After that, the split boards were sent to a saw 

mill for drying.   

     All the values and data obtained from the boards after splitting were tabulated and 

compiled in order to compare it with the dry state values. 
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    25 mm 58 mm 

                                                                             (1b) 

 

     25 mm 58 mm 

                                                                             (1a) 

                                                  Figure: 15 (b)        

 

 

      25 mm                                                                                                          120 mm  

                             

                                                          3000 mm                                                                                       

                                                Figure: 15 (a)                                              

  Figure 15: (a) wet board before splitting of dimension 3000 × 120 × 25 mm 

                    (b) wet boards after splitting (1a) and (b) of dimension 3000 × 58 × 25 mm 

4.2.3. Preparation and measurement of dry split side boards 

After drying the boards for one week, they were delivered back to the laboratory in dried 

state. With the help of the numbering of the split boards, measurement values of a board in the 

dry state could easily be compared with values for the same board measured in the wet state.  

     Each board was weighted again with the digital balance and variations in weight of boards 

were observed. But the variation in weight was not similar between the boards. Some of them 

had lost more weight and some had lost less. All the weight values taken from the digital 

balance were saved in tabulated form. 

     The dimensions were taken at each ends and in the middle of the boards and then the 

average value was calculated.  The frequency of each board in the series 1a and 1b were 

measured with the MTG Timber Grader and saved in tabulated form. For some boards, the 

eigenfrequency for the first mode of vibration could not be measured directly by the MTG 

Timber Grader because there were knots on the boards. However, the relevant value could be 

read from a frequency graph on the computer screen. 
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     The results of the experiment were compiled in a file for analysis. The stiffness was 

calculated from the values of  density and by using the eigenfrequency of each board 

corresponding to the first mode of vibration in the longitudinal direction.  Pictures were also 

taken during the experiments. 

 

4.3. Static deflection method 
To examine the static stiffness of the boards, we carried out an experiment where each board 

was exposed to a defined load for which the deflection was measured. From load and 

deflection, the static stiffness could be calculated and compared with the dynamic stiffness. 

The experiment was done by placing the board horizontally on two supports placed about 

1800  mm away from each other. At one end we had a fixed ball that allowed the board end to 

rotate and at the other end we had a free roller that permitted translation. The ball and roller 

supports were used to provide a free movement of the board during the tests and by that avoid 

the occurrence of constraints.   
     To be able to read the deflection, a mini gauge was fixed to the board. At first, a load of 17 

N was applied and the gauge was then set to zero. After that, the load was increased to 37 N 

and the deflection caused by the added load of 20 N was read and the static stiffness 

calculated. This procedure was done respectively for each board and the results, which are 

illustrated in Figure 16  were tabulated. 

 

Figure: 16 Static deflection of boards 
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5. Result analysis 
  
In this chapter, the objective is to analyze results from the laboratory work and compare them 

with one another. The purpose is to calculate different variations in stiffness, moisture content 

and density of narrow dimensional side boards in wet state as well as in dry state. The 

correlation between frequencies, densities and stiffness of boards are evaluated in wet state. 

After splitting boards correlations are evaluated in both wet and dried condition and are given 

below in the form of tables. The main part of the result analysis consists of statistical 

calculations and graphs using Microsoft Excel software (2003). For complex result analysis, 

the simplest, most adequate and widely employed method is statistical method. A large effort 

has been aimed towards accurate and efficient calculation of the modulus of elasticity of side 

boards in dry state and wet state. The modulus of elasticity of split boards after drying were 

also calculated by deflection measurement when the boards were exposed to a bending load in 

an bosket and the results were evaluated with the help of statically methods. Furthermore 

standard deviation and mean value of stiffness were calculated of wet boards before splitting. 

After splitting of the boards, standard deviation and mean value of stiffness were also 

calculated in both wet and dried condition.  For an easy understanding of these results, they 

are presented in tables and graphs below. 

 

5.1. Analysis of wet boards before splitting 

 The results from the laboratory work are analysed by using statistical methods. The 

experiment results show that the weight of the boards in general are directly proportional to 

the weight of the specimen. The higher the weight of the specimen, the higher the weight of 

the boards and vice versa. But in some cases the experimental observations show strange 

results. For example, before drying the weight of the specimen for board # 11 is 301.68 g and 

the 3 m long board has the weight 6.72 kg. For board # 12, the weight of the small specimen 

is 265.38 g which is less than the weight of the small specimen of board # 11 but the weight 

of board # 12 is 7.65 kg which is more than the weight of board # 11. Similarly observations 

were made when boards # 12 and 13 and also boards # 13 and 14 were compared.  Maximum 

specimen weight was found to be 331.7 g for board # 23 and maximum board weight was 

9.96 kg for board # 29. 
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     Based on the results from the experiments in the wet state, different parameters were 

compared, see  Table 1 below, the relationship between the frequency and density is not too 

good due to the negative correlation. Frequency and density are inversely proportional to each 

other; when the frequency increases, density tends to decrease. Thus it is also clear from 

Figure 20 that the two variables are negatively correlated in the wet state. 

 

 
R 2  

Frequency Density MOE 

 
Frequency 

 
1 

 
0.119 

 
0.549 

 
Density 

 
0.119 

 
1 

 
0.021 

 
MOE 

 
0.549 

 
0.021 

 
1 

 
Table 1: The correlation between frequency, density and stiffness of wet boards before 
splitting. 
 

The correlation between frequency and modulus of elasticity shows a strong positive 

relationship. From the table it could also be seen that the correlation between density and 

modulus of elasticity is weak. The correlation between density and modulus of elasticity are 

inversely proportional to each other. 

 

5.2. Analysis of wet boards after splitting 

The correlation between frequency and modulus of elasticity after splitting is strong positive 

and it shows a good straight line between the two parameters. When the correlation is strong, 

there is a good interaction in the graph between the two parameters. 

Frequency and density has a weak negative correlation between them. The correlation 

between density and modulus of elasticity is weak as showed in Table 2. 
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R 2  Frequency Density MOE 

Frequency 
 

1 0.224 0.562 

 
Density 

 
0.224 

 
1 

 
0.0411 

 
 
MOE 

 
 
0.562 

 
 
0.0411 

 
 
1 

  

Table 2: The correlation between frequency, density and stiffness of side boards after 

splitting. 

 

5.3. Analysis of split boards after drying 
 
The correlation between various parameters in the dry state indicate different relationships as 

shown in Table 3. The correlation between the frequency and density is weak with an even  

lower value compared with the corresponding value for split boards in the wet state. This can 

be seen in the table below for a better comparison.  

     For frequency and modulus of elasticity, the correlation is very strong. The frequency and 

stiffness of narrow dimensional side boards show a certain degree of proportionality to each 

other in the dry state. Density and modulus of elasticity has a weak positive correlation. The 

relationship between density and modulus of elasticity has some deviation but a proportional 

relationship is indicated after drying. 

 

 
R 2  

Frequency Density MOE 

 
Frequency 

 
1 

 
0.075 

 
0.771 

 
Density 

 
0.075 

 
1 

 
0.471 

 
MOE 

 
0.771 

 
0.471 

 
1 

 
Table 3: The correlations between density, frequency and stiffness of side boards after drying 
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5.4. Comparison between stiffness of split boards  before and after drying 
 
Figure 17 shows relationship between stiffness before and after drying. The stiffness before 

drying is shown on the x-axis and stiffness after drying is shown on the y-axis. It is clear from 

the graph that the variables have a strong positive relationship. The correlation between 

stiffness before and after drying of the split boards is very strong and that the R2-value is 

0.9262. 

Graph b/w stiffness of split boards before and after drying 
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Figure 17: The stiffness of split boards before and after drying. 

 

5.5. Comparison between frequencies of split boards before and after 
drying 

 
Figure 18 shows a relationship between frequencies before and after drying. The frequency 

before drying is shown on the x-axis and the frequency after drying is shown on the y-axis. It 

is clear from the graph that the correlation between them is positive and has a value 

R2=0.5844. Here we observe that wet boards # 103 and 104 gave minimum frequencies. 

These were 358 Hz and 360 Hz respectively.  
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Figure 18:  The frequencies of split boards before and after drying 

 

5.6. Relationship between density and MOE in three states   
 
Figure 19 shows the relationship between stiffnesses and densities of boards in three states. It 

is clear from the graph that the correlation is very weak in the wet state both before and after 

splitting. After splitting the values remain almost same except for a few boards. However, in 

dry state the graph shows very interesting result by having a linear and good correlation. 
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Figure 19: The relationship between density and stiffness in three states. 

 

5.7. Relationship between densities and frequencies in three states. 

Figure 20 shows the relationship between frequency and density of boards in three different 

states. It is evident from the graph that their correlation is negative in the wet state due to 

more moisture content. But after drying it changes and shows a weak positive relationship. 
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Figure 20: Comparison b/w frequency and density in three states. 
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5.8. Comparison between static stiffness and dynamic stiffness in the dry 
state 

 

During the laboratory experiments the stiffness of the side boards were measured by two 

methods; firstly, by dynamic excitation and, secondly, by static deflection. Figure 21 shows 

the relationship between static stiffness and dynamic stiffness. It is clear from the graph that 

they have a very strong positive correlation and has a value R2=0.8816. 

 

comparision b/w dynamic stifness and static stiffness by 
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Figure 21: Comparison b/w dynamic stiffness and static stiffness in dry state 

 

5.9. Statistical analysis of stiffnesses in three states 

Table 4 represents the mean value and standard deviation of the modulus of elasticity in three 

states. In the wet state, the mean values of stiffnesses in boards A and boards B are almost 

equal to the mean value for the unsplitted boards. After drying the mean values for boards A 

and boards B increase which show that in the dry state the boards are stiffer as compare to the 

wet state. Similar relationships are shown for  standard deviation. 
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MOE 

Whole 

boards at 

wet state 

Boards A 

at wet state 

Boards B 

At wet state 

Boards A  

at dry state 

Boards B  

At dry state 

 

Mean of 

MOE 

 

11.1 GPA 

 

 

10.76 GPA 

 

 

10.75 GPA 

 

 

13.09 GPA 

 

 

12.78 GPA 

 

 

Stdev of 

MOE 

 

2.45 GPA 

 

 

2.65 GPA 

 

 

25.13 GPA 

 

 

3.02 GPA 

 

 

2.81 GPA 

 

 

Table 4:  Mean value and standard deviation of stiffness of boards in three states 

. 

5.10. Correlation between stiffness of boards A and boards B in wet and dry 

states 

The table 5 shows the correlations between stiffness of boards A and boards B in the wet and 

dry states. It is evident from table that the correlation between all these boards are very strong. 

But even the correlation between wet board A and dry boards B is more strong than other 

correlations. Similarly this happened in wet boards B and dry boards B. 

 

R 2  Wet  boards –A Dry boards-A Wet boards-B Dry boards-B 

Wet  boards-A 1 0.9368 0.8109 0.8187 

 Dry boards-A 0.9368 1 0.8004 0.8175 

 Wet boards-B 0.8109 0.8004 1 0.9192 

 Dry boards-B 0.8187 0.8175 0.9192 1 

 

Table 5: Correlation between stiffness of boards A and boards B in wet and dry states 
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6. Conclusion 

The objective of this master’s thesis was to evaluate the strength grading of wet side boards of 

narrow dimensions by using dynamic excitation method.  Hopefully, this aim has been 

achieved, even though it is hard to assess the result with respect to this general aspiration. In 

more precise terms, the most important results of the work can be summarized in the 

following items. 

The result of this study show that the dynamic excitation method is a good method that gives 

the accurate stiffness and strength grading of side boards compared to other non-destructive 

test. The influence of deviations of side boards in three states stiffness was also investigated. 

The statistical analysis of experiment results were used to evaluate mean values and standard 

deviations of stiffness of side boards. The mean stiffness of split boards in dry state is greater 

then split boards in wet state. The mean stiffness of wet split boards is 0.84 compared to the 

mean stiffness of dry split boards. There is a strong correlation between wet state split boards 

and dry state split boards in stiffness with a value of 0.9262. These shows that wet boards can 

be use in glued beam.  

The correlation of stiffness between wet boards A and dry boards B are very strong that is 

0.936. Similarly, the correlation between wet boards B and dry boards B was very strong that 

is 0.91. Based on correlation between stiffness and density in wet state show weak 

relationship due to moisture contents but it become strong in dry state that is 0.47. One 

product considered in an ongoing research project is a glued beam consisting of sides boards. 

When side boards are dried before gluing them, they twist or shrink due to internal stresses, so 

some boards becomes useless and material is wasted. So in order to avoid waste of material, 

side boards are glued together before drying. When wet glued beam is dried, due to internal 

stresses glued beam tried to twist but as beam is glued together so the twisting effect is 

reduce.  

Obviously, the previous conclusions of experiment work express specifically the meaning of 

results and fulfill this study aims of strength grading of wet boards within wood applications. 

In addition to increase the knowledge about the dynamic excitation method and pave the way 

for further research and development, particularly, we recommend the tensile strength test of 

dry side boards to be carried out in the next phase of research. 
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Appendix 1 
 
Results of Board Before Splitting in Wet State. 
  
Board
s  # 

Lengt
h 
 (m) 

Width 
 
(mm 
) 

Thick
ness 
(mm) 

Volume 
of boards  
(m3) 

Weight 
of 
Boards    
(kg) 

Density 
of 
boards 
(kg/m3) 

Weight 
of small 
specimen 
(before 
dry) 
(gm) 

Weight 
of small 
specime
n (after 
dry) 
(gm) 

Moistur
e 
Content 
(%) 

Volume 
of wet 
specime
n  
(m3) 

Density 
of wet 
specimen 
(kg/m3) 

Weight o f 
boards at 
the time of 
stiffness  
(kg) 

Lowest 
Frequency 
of Boards 

Stiffness 
of boards  

1 3 120.3 25.4 9.167×10-3 7.96 879.254 269.1 115.3  133.391 0.000306 879.412 8.06 556 9.79E+09 

2 3 120.4 25.4 9.175×10-3 6.34 688.867 237.8 107.7 120.799 0.000306 777.124 6.32 634 9.97E+09 

3 3 120.3 25.65 9.256×10-3 8.25 881.487 304.9 117.9 158.609 0.000309 986.731 8.16 600 1.14E+10 

4 3 120.2 25.45 9.177×10-3 6.9 743.14 205.1 140 46.5 0.000306 670.261 6.82 659 1.16E+10 

5 3 120.3 25.4 9.167×10-3 7.85 846.528 248.9 132 88.561 0.000306 813.399 7.76 669 1.36E+10 

6 3 120.5 26.1 9.435×10-3 5.6 593.525 204.4 128.3 59.314 0.000315 648.889 5.6 605 7.82E+09 

7 3 120.4 25.2 9.102×10-3 6.6 729.491 239.5 130.2 83.948 0.000303 790.429 6.64 551 7.97E+09 

8 3 120.1 25.3 9.116×10-3 9.1 998.29 289.8 112.9 156.687 0.000304 953.289 9.1 561 1.13E+10 

9 3 120.3 25.5 9.203×10-3 6 651.965 195 109.3 78.408 0.000307 635.179 6 556 7.26E+09 

10 3 120.2 25.6 9.231×10-3 6.8 745.286 264.1 118.9 122.119 0.000308 857.468 6.88 630 1.06E+10 

11 3 120.3 25.5 9.203×10-3 6.72 738.894 301.68 115.6 160.969 0.000307 982.671 6.8 673 1.2E+10 

12 3 120.2 25.5 9.195×10-3 7.65 835.209 265.38 112.1 136.735 0.000307 864.43 7.68 586 1.03E+10 

13 3 120.26 25.4 9.164×10-3 8.51 927.562 260.9 99 163.535 0.000305 855.41 8.5 547 9.99E+09 

14 3 120.1 25.33 9.152×10-3 6.91 762.623 274.3 98.1 179.613 0.000304 902.303 6.96 468 6.01E+09 

15 3 120.2 25.51 9.199×10-3 4.65 513.104 148 108.2 36.784 0.000307 482.085 4.72 752 1.04E+10 

16 3 120.1 25.5 9.187×10-3 8.74 946.923 288.2 128.5 124.28 0.000306 941.83 8.7 634 1.37E+10 

17 3 120.3 25.6 9.239×10-3 5.16 558.5 170.7 121.2 40.842 0.000308 554.221 5.16 786 1.24E+10 

18 3 120.1 25.6 9.224×10-3 6.55 717.718 196.1 115.5 69.784 0.000307 638.762 6.62 595 9.15E+09 
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19 3 120.2 25.4 9.159×10-3 8.87 971.696 313.4 124.3 152.132 0.000305 1027.541 8.9 625 1.37E+10 

20 3 120.6 25.3 9.154×10-3 6.6 714.478 191.6 117.9 62.511 0.000305 628.197 6.54 542 7.56E+09 

21 3 120.3 25.6 9.239×10-3 8.38 904.856 262.6 97.8 168.507 0.000308 852.597 8.36 508 8.41E+09 

22 3 120.3 25.3 9.131×10-3 6.78 694.355 223.3 104.7 113.276 0.000304 734.539 6.34 561 7.87E+09 

23 3 120.1 25.3 9.116×10-3 9.56 1044.36
5

331.7 154.4 
114.832

0.000304 1091.118 9.52 600 1.35E+10 

24 3 120.3 25.1 9.059×10-3 7.3 816.904 274.3 148 85.338 0.000302 908.278 7.4 708 1.47E+10 

25 3 120.3 25.3 9.131×10-3 7.44 808.256 190.3 118.1 61.135 0.000304 625.987 7.38 644 1.21E+10 

26 3 120.4 25.3 9.138×10-3 7.5 818.528 134.6 105.3 27.825 0.000305 441.311 7.48 688 1.39E+10 

27 3 120.2 25.2 9.087×10-3 7.66 840.75 143.3 110.9 29.216 0.000303 472.937 7.64 669 1.35E+10 

28 3 120.2 25.2 9.087×10-3 9.1 992.614 331.4 127.7 159.514 0.000303 1093.729 9.02 610 1.33E+10 

29 3 120.4 25.4 9.175×10-3 9.96 1074.72 314 118.3 165.427 0.000306 1026.144 9.86 503 9.79E+09 

30 3 120.3 25.3 9.131×10-3 7.96 863.016 195.6 127.7 53.171 0.000304 643.421 7.88 615 1.18E+10 

31 3 120.4 25.3 9.138×10-3 9.72 1054.89
4

329.2 132 
149.394

0.000305 1079.344 9.64 493 9.23E+09 

32 3 120.3 25.5 9.202×10-3 7.04 751.933 176 107.5 63.721 0.000307 573.29 6.92 581 9.14E+09 

33 3 120.4 25.4 9.174×10-3 6.36 686.687 170.4 127.9 33.229 0.000306 556.863 6.3 771 1.47E+10 

34 3 120.1 25.4 9.152×10-3 6.6 716.813 212.3 156.7 35.482 0.000305 696.066 6.56 781 1.57E+10 

35 3 120.2 25.4 9.159×10-3 5.86 628.873 226.5 140.8 60.866 0.000305 742.623 5.76 708 1.13E+10 

36 3 119.5 25.5 9.142×10-3 7.44 816.036 238.3 111.6 113.53 0.000305 781.311 7.46 717 1.51E+10 

37 3 119.6 25.4 9.114×10-3 8.12 886.595 236.4 104.7 125.788 0.000304 777.632 8.08 498 7.92E+09 

38 3 119.8 25.3 9.093×10-3 5.6 613.671 216.3 115.8 86.788 0.000303 713.861 5.58 654 9.45E+09 

39 3 120.5 25.4 9.182×10-3 8.16 882.151 250.6 121.1 106.936 0.000306 818.954 8.1 527 8.82E+09 

40 3 120.4 25.3 9.138×10-3 6.5 713.476 251.9 112.8 123.316 0.000305 825.902 6.52 693 1.23E+10 

41 3 120.1 25.3 9.116×10-3 6.62 934.662 317.9 166.2 91.276 0.000304 1045.724 8.52 561 1.06E+10 

42 3 120.3 25.2 9.095×10-3 7.76 846.649 255.6 117.1 118.275 0.000303 843.564 7.7 625 1.19E+10 

43 3 119.9 25.2 9.064×10-3 7.44 827.409 224 152.8 46.597 0.000302 741.722 7.5 664 1.31E+10 

44 3 119.4 25.3 9.062×10-3 7.8 845.245 253 127.8 97.966 0.000302 837.748 7.66 659 1.32E+10 

45 3 119.8 25.2 9.057×10-3 8.16 894.348 291 137.7 111.329 0.000302 963.576 8.1 703 1.59E+10 

46 3 119.9 25.35 9.118×10-3 8.02 872.961 201.2 127.8 57.433 0.000304 661.842 7.96 644 1.3E+10 
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47 3 119.85 25.45 9.151×10-3 6.24 681.926 240.6 112.4 114.057 0.000305 788.852 6.24 722 1.28E+10 

48 3 120.03 25.45 9.164×10-3 5.84 637.256 153.3 102.8 49.125 0.000305 502.623 5.84 654 9.81E+09 

49 3 119.75 25.3 9.089×10-3 7.54 831.772 202.2 105.7 91.296 0.000303 667.327 7.56 605 1.1E+10 

50 3 120.2 25.4 9.159×10-3 7.7 836.314 254.9 121.2 110.314 0.000305 835.738 7.66 625 1.18E+10 

51 3 120.7 25.45 9.215×10-3 5.48 601.165 240.7 127.1 89.378 0.000307 784.039 5.54 703 1.07E+10 

52 3 120 25.35 9.126×10-3 6.96 751.698 244.7 100.8 142.758 0.000304 804.934 6.86 410 4.55E+09 

53 3 121.35 25.6 9.319×10-3 5.22 564.397 157.6 111.2 41.727 0.000311 506.752 5.26 708 1.02E+10 

54 3 119.95 25.4 9.140×10-3 6.16 667.382 165.6 118 40.339 0.000305 542.951 6.1 649 1.01E+10 

55 3 120.7 24.8 9.980×10-3 7.76 857.453 212.1 103.1 105.723 0.000299 709.365 7.7 595 1.09E+10 

56 3 119.8 25.3 9.093×10-3 7.36 807.23 173.9 122.7 41.728 0.000303 573.927 7.34 688 1.38E+10 

57 3 119.4 25.5 9.134×10-3 6.64 722.567 147.6 100.2 47.305 0.000304 485.526 6.6 571 8.48E+09 

58 3 119.75 25.45 9.143×10-3 7.52 822.495 238 112.8 110.993 0.000305 780.328 7.52 605 1.08E+10 
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Result of  Split Boards in Wet State: 

 
                       

Board # Length    
(m) 

Width    
(mm) 

Thickness 
(mm) 

Volume 
of boards  

(m3) 

Weight   
(kg) 

Density of 
boards 
(kg/m3) 

Lowest 
Frequency  

(Hz) 

Stiffness 
of boards 

in wet 
state 

01A 3 56.3 25.4 0.00429 4.22 983.683 537 1.021E+10

01B 3 61.3 25.40 0.00467 3.58 766.595 566 8.841E+09

02A 3 59.2 25.4 0.00451 3.32 736.142 590 9.225E+09

02B 3 57.45 25.4 0.00438 2.86 652.968 673 1.065E+10

03A 3 59.50 25.65 0.00458 4.44 969.432 542 1.025E+10

03B 3 57.60 25.65 0.00443 3.54 799.097 644 1.193E+10

04A 3 57.20 25.45 0.00437 3.16 723.112 644 1.08E+10

04B 3 59.30 25.45 0.00453 3.42 754.967 644 1.127E+10

05A 3 59.00 25.40 0.0045 3.80 844.444 673 1.377E+10

05B 3 57.56 25.40 0.00439 3.76 856.492 698 1.502E+10

06A 3 57.96 26.10 0.00454 2.74 603.524 566 6.96E+09

06B 3 58.70 26.10 0.0046 2.64 573.913 590 7.192E+09

07A 3 58.30 25.20 0.00441 3.46 784.58 508 7.289E+09

07B 3 58.10 25.20 0.00439 2.94 669.704 625 9.418E+09

08A 3 58.50 25.30 0.00444 4.64 1045.045 527 1.045E+10

08B 3 57.90 25.30 0.00439 4.10 933.941 576 1.115E+10

09A 3 57.96 25.50 0.00443 2.70 609.481 571 7.154E+09

09B 3 58.56 25.50 0.00448 3.10 691.964 542 7.318E+09

10A 3 57.70 25.60 0.00443 3.60 812.641 586 1.005E+10

10B 3 59.70 25.60 0.00458 3.06 668.122 669 1.076E+10

11A 3 59.50 25.50 0.00455 3.92 861.538 630 1.231E+10
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11B 3 57.75 25.50 0.00442 2.64 597.285 708 1.078E+10

12A 3 57.60 25.50 0.00441 3.78 857.143 581 1.042E+10

12B 3 59.50 25.50 0.00455 3.70 813.187 581 9.882E+09

13A 3 58.30 25.40 0.00444 4.28 963.964 527 9.638E+09

13B 3 58.60 25.40 0.00447 3.98 890.38 566 1.027E+10

14A 3 58.30 25.33 0.00443 2.94 663.657 488 5.69E+09

14B 3 59.20 25.33 0.0045 3.82 848.889 415 5.263E+09

15A 3 58.50 25.51 0.00448 2.28 508.929 766 1.075E+10

15B 3 58.43 25.51 0.00447 2.28 510.067 732 9.839E+09

16A 3 58.50 25.50 0.00448 4.28 955.357 620 1.322E+10

16B 3 58.40 25.50 0.00447 4.14 926.174 639 1.361E+10

17A 3 58.70 25.60 0.00451 2.38 527.716 776 1.144E+10

17B 3 58.30 25.60 0.00448 2.58 575.893 776 1.248E+10

18A 3 58.60 25.60 0.0045 3.52 782.222 590 9.802E+09

18B 3 58.40 25.60 0.00449 2.96 659.243 586 8.15E+09

19A 3 58.60 25.40 0.00447 4.52 1011.186 620 1.399E+10

19B 3 58.47 25.40 0.00446 4.14 928.251 644 1.386E+10

20A 3 58.30 25.30 0.00442 3.44 778.281 512 7.345E+09

20B 3 59.15 25.30 0.00449 2.94 654.788 561 7.419E+09

21A 3 58.95 25.60 0.00453 4.20 927.152 468 7.31E+09

21B 3 58.30 25.60 0.00448 3.94 879.464 517 8.463E+09

22A 3 58.45 25.30 0.00444 2.26 509.009 605 6.707E+09

22B 3 58.90 25.30 0.00447 3.80 850.112 520 8.275E+09

23A 3 58.78 25.30 0.00446 4.62 1035.874 586 1.281E+10

23B 3 58.17 25.30 0.00442 4.64 1049.774 590 1.316E+10

24A 3 58.23 25.10 0.00438 3.62 826.484 673 1.348E+10

24B 3 59.00 25.10 0.00444 3.54 797.297 712 1.455E+10

25A 3 58.53 25.30 0.00444 3.64 819.82 625 1.153E+10
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25B 3 58.74 25.30 0.00446 3.56 798.206 625 1.122E+10

26A 3 59.13 25.30 0.00449 3.56 792.873 708 1.431E+10

26B 3 58.06 25.30 0.00441 3.58 811.791 683 1.363E+10

27A 3 58.84 25.20 0.00445 3.84 862.921 649 1.308E+10

27B 3 58.56 25.20 0.00443 3.60 812.641 678 1.345E+10

28A 3 58.96 25.20 0.00446 4.50 1008.969 615 1.374E+10

28B 3 58.44 25.20 0.00442 4.30 972.851 600 1.261E+10

29A 3 58.85 25.40 0.00448 4.76 1062.5 488 9.109E+09

29B 3 58.44 25.40 0.00445 4.80 1078.652 493 9.438E+09

30A 3 58.65 25.30 0.00445 3.80 853.933 576 1.02E+10

30B 3 58.76 25.30 0.00446 3.84 860.987 610 1.153E+10

31A 3 58.91 25.30 0.00447 4.70 1051.454 493 9.2E+09

31B  3 58.37 25.30 0.00443 4.66 1051.919 468 8.294E+09

32A 3 58.43 25.50 0.00447 3.60 805.369 542 8.517E+09

32B 3 58.94 25.50 0.00451 3.14 696.231 595 8.873E+09

33A 3 58.44 25.40 0.00445 3.26 732.584 771 1.568E+10

33B 3 58.38 25.40 0.00445 2.86 642.697 766 1.358E+10

34A 3 58.47 25.40 0.00446 3.02 677.13 820 1.639E+10

34B 3 58.58 25.40 0.00446 3.36 753.363 747 1.513E+10

35A 3 58.27 25.40 0.00444 2.70 608.108 698 1.067E+10

35B 3 59.07 25.40 0.0045 2.86 635.556 703 1.131E+10

36A 3 58.50 25.50 0.00448 3.68 821.429 712 1.499E+10

36B 3 58.41 25.50 0.00447 3.54 791.946 712 1.445E+10

37A 3 58.95 25.40 0.00449 3.88 864.143 449 6.272E+09

37B 3 57.80 25.40 0.0044 3.88 881.818 512 8.322E+09

38A 3 58.00 25.30 0.0044 3.22 731.818 620 1.013E+10

38B 3 58.88 25.30 0.00447 2.24 501.119 730 9.614E+09

39A 3 58.26 25.40 0.00444 4.06 914.414 512 8.629E+09
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39B 3 58.74 25.40 0.00448 3.80 848.214 532 8.642E+09

40A 3 58.33 25.30 0.00443 3.54 799.097 654 1.23E+10

40B 3 59.17 25.30 0.00449 2.78 619.154 712 1.13E+10

41A 3 58.71 25.30 0.00446 4.08 914.798 566 1.055E+10

41B 3 58.11 25.30 0.00441 4.20 952.381 532 9.704E+09

42A 3 58.77 25.20 0.00444 3.86 869.369 586 1.075E+10

42B 3 58.76 25.20 0.00444 3.62 815.315 634 1.18E+10

43A 3 58.95 25.20 0.00446 3.86 865.471 639 1.272E+10

43B 3 58.27 25.30 0.00442 3.46 782.805 673 1.276E+10

44A 3 58.86 25.30 0.00447 3.70 827.74 649 1.255E+10

44B 3 57.82 25.30 0.00439 3.74 851.936 649 1.292E+10

45A 3 58.21 25.20 0.0044 3.98 904.545 703 1.609E+10

45B 3 58.10 25.20 0.00439 3.94 897.494 678 1.485E+10

46A 3 58.26 25.35 0.00443 3.66 826.185 649 1.253E+10

46B 3 58.77 25.35 0.00447 4.06 908.277 634 1.314E+10

47A 3 57.88 25.45 0.00442 3.08 696.833 717 1.29E+10

47B 3 58.90 25.40 0.00449 2.96 659.243 732 1.272E+10

48A 3 58.35 25.40 0.00445 2.34 525.843 683 8.831E+09

48B 3 58.76 25.40 0.00448 3.28 732.143 634 1.059E+10

49A 3 57.79 25.30 0.00439 3.22 733.485 654 1.129E+10

49B 3 59.99 25.30 0.00455 4.06 892.308 556 9.93E+09

50A 3 58.37 25.40 0.00445 3.86 867.416 586 1.072E+10

50B 3 58.61 25.40 0.00447 3.52 787.472 639 1.158E+10

51A 3 58.78 25.40 0.00448 2.68 598.214 737 1.17E+10

51B 3 58.42 25.40 0.00445 2.72 611.236 664 9.702E+09

52A 3 58.84 25.30 0.00447 3.58 800.895 358 3.695E+09

52B 3 58.27 25.30 0.00442 2.98 674.208 360 3.146E+09

53A 3 58.61 25.60 0.0045 2.84 631.111 712 1.152E+10
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53B 3 59.36 25.60 0.00456 2.26 495.614 673 8.081E+09

54A 3 57.95 25.40 0.00442 2.82 638.009 659 9.975E+09

54B 3 58.86 25.40 0.00449 3.00 668.151 649 1.013E+10

55A 3 58.58 24.80 0.00436 3.92 899.083 595 1.146E+10

55B 3 58.92 24.80 0.00438 3.52 803.653 561 9.105E+09

56A 3 57.84 25.30 0.00439 3.50 797.267 669 1.285E+10

56B 3 58.93 25.30 0.00447 3.60 805.369 683 1.353E+10

57A 3 57.80 25.50 0.00442 2.98 674.208 586 8.335E+09

57B 3 58.85 25.50 0.0045 3.44 764.444 537 7.936E+09

58A 3 59.69 25.40 0.00455 3.04 668.132 654 1.029E+10

58B 3 59.02 25.40 0.0045 4.46 991.111 556 1.103E+10
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                 Result of Split Boards in Dry State: 
 

Board # Length 
(mm) 

Width  
(mm) 

Thickness  
(mm) 

Weight  
(kg) 

Volume of 
boards  
(m3) 

Density 
of 
boards 
(kg/m3) 

Lowest 
Frequency 
(Hz) 

Stiffness 
of boards 
in dry 
state 

Final 
deflection  
(mm) 

stiffness 
of boards 
by 
deflection

01A 2995 54.1 24.64 1.96 0.003992 490.982 830 1.218E+10 11.2 1.062E+10

01B 2995 56.76 24.82 1.92 0.004219 455.084 834 1.14E+10 11.4 9.585E+09

02A 2995 57.86 24.75 1.74 0.004289 405.689 854 1.065E+10 12.5 9.051E+09

02B 2995 54.37 24.9 1.58 0.004055 389.642 937 1.232E+10 11.5 1.014E+10

03A 2995 56.48 24.5 1.96 0.004144 472.973 859 1.256E+10 10.5 1.041E+10

03B 2995 54.19 24.08 1.96 0.003908 501.535 859 1.332E+10 9.9 1.141E+10

04A 2996 54.4 24.65 2.1 0.004018 522.648 834 1.309E+10 10.6 1.098E+10

04B 2996 56.7 24.57 2.24 0.004174 536.655 849 1.393E+10 9.6 1.17E+10

05A 2997 56.2 24.36 2.16 0.004103 526.444 927 1.629E+10 9.1 1.248E+10

05B 2997 54.59 24.64 1.98 0.004031 491.193 922 1.503E+10 9.5 1.225E+10

06A 2996 55.23 25.1 1.8 0.004153 433.422 717 8.021E+09 15.4 6.916E+09

06B 2996 56.17 25.18 1.86 0.004237 438.99 747 8.819E+09 14.1 7.459E+09

07A 2996 55.99 24.75 2.14 0.004152 515.414 703 9.17E+09 15.4 7.639E+09

07B 2996 55.24 24.82 1.96 0.004108 477.118 747 9.585E+09 13.5 8.744E+09

08A 2995 56.7 24.82 1.9 0.004215 450.771 849 1.17E+10 11 1.053E+10

08B 2995 55.4 24.9 1.8 0.004131 435.73 883 1.223E+10 10.4 1.126E+10

09A 2997 55.7 24.76 1.74 0.004133 421.002 771 9.009E+09 14.8 7.717E+09

09B 2997 56.87 24.49 1.74 0.004174 416.866 771 8.921E+09 15.6 7.246E+09

10A 2998 55.2 24.75 1.98 0.004096 483.398 839 1.225E+10 11.7 9.691E+09

10B 2998 56.4 25.3 2.2 0.004278 514.259 874 1.414E+10 9.4 1.166E+10

11A 2998 57 24.6 1.8 0.004204 428.164 932 1.339E+10 9.4 1.184E+10

11B 2998 54.35 24.4 1.7 0.003976 427.565 956 1.407E+10 10.2 1.124E+10
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12A 2997 54.1 24.9 1.72 0.004037 426.059 917 1.29E+10 10.9 1.054E+10

12B 2997 56.3 24.65 1.76 0.004159 423.179 893 1.215E+10 10.9 1.021E+10

13A 2997 56.3 24.6 1.78 0.004151 428.812 854 1.126E+10 12.5 9.191E+09

13B 2997 55.8 24.5 1.7 0.004097 414.938 883 1.165E+10 11.9 9.605E+09

14A 2998 55.3 24.7 1.52 0.004095 371.184 693 6.417E+09 20.2 5.735E+09

14B 2997 56.1 24.2 1.62 0.004069 398.132 683 6.686E+09 20.2 5.648E+09

15A 2997 55.79 24.41 1.66 0.004081 406.763 922 1.245E+10 11.1 1.018E+10

15B 2997 55.6 24.8 1.7 0.004133 411.323 888 1.168E+10 11.5 9.84E+09

16A 2997 55.23 24.29 1.98 0.004021 492.415 956 1.62E+10 8.7 1.301E+10

16B 2998 55.61 24.46 2.08 0.004078 510.054 947 1.647E+10 8.5 1.333E+10

17A 2997 55.23 24.58 1.96 0.004069 481.691 908 1.43E+10 9.6 1.161E+10

17B 2997 55.58 24.2 1.9 0.004031 471.347 956 1.551E+10 9.3 1.207E+10

18A 2996 55.69 24.49 1.9 0.004086 465.002 844 1.192E+10 10.9 1.024E+10

18B 2996 55.8 24.7 1.92 0.004129 465.004 771 9.951E+09 12.9 8.684E+09

19A 2997 55.57 24.09 1.98 0.004012 493.519 966 1.658E+10 9.1 1.256E+10

19B 2997 55.15 24.51 1.94 0.004051 478.894 888 1.359E+10 9.47 1.21E+10

20A 2998 55.68 24.06 1.84 0.004016 458.167 776 9.932E+09 15.75 7.381E+09

20B 2998 56.81 24.54 1.88 0.00418 449.761 761 9.377E+09 14.92 7.68E+09

21A 2997 56.14 24.35 1.62 0.004097 395.411 820 9.571E+09 13.1 8.472E+09

21B 2997 55.57 24.61 1.58 0.004099 385.46 859 1.024E+10 12.1 9.274E+09

22A 2998 55.75 24.76 1.66 0.004138 401.16 825 9.829E+09 13.5 8.589E+09

22B 2998 56.38 24.84 1.74 0.004199 414.384 771 8.868E+09 13.5 8.524E+09

23A 2997 55.9 24.55 2.48 0.004113 602.966 854 1.583E+10 8.45 1.365E+10

23B 2997 55.5 24.3 2.42 0.004042 598.714 854 1.572E+10 8.4 1.387E+10

24A 2996 54.56 23.89 2.34 0.003905 599.232 939 1.902E+10 8.6 1.386E+10

24B 2996 55.18 24.38 2.24 0.00403 555.831 917 1.683E+10 8.1 1.452E+10

25A 2997 55.26 24.48 1.92 0.004054 473.606 898 1.375E+10 9.8 1.182E+10

25B 2997 55.87 24.37 1.96 0.004081 480.274 878 1.333E+10 10.2 1.131E+10
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26A 2996 54.8 24.15 1.94 0.003965 489.281 976 1.678E+10 8.2 1.398E+10

26B 2997 54.49 24.66 1.96 0.004027 486.715 937 1.538E+10 9.1 1.283E+10

27A 2996 55.24 24.5 1.94 0.004055 478.422 942 1.528E+10 8.6 1.355E+10

27B 2996 54.82 25.61 1.94 0.004206 461.246 942 1.473E+10 8.2 1.428E+10

28A 2997 55.58 24.16 1.88 0.004024 467.197 996 1.668E+10 10.1 1.152E+10

28B 2997 54.97 23.91 1.82 0.003939 462.046 956 1.52E+10 8.95 1.311E+10

29A 2997 56.05 24.85 1.9 0.004174 455.199 825 1.115E+10 12.6 9.033E+09

29B 2997 55.77 24.96 1.9 0.004172 455.417 825 1.116E+10 11.2 1.023E+10

30A 2995 55.82 24.34 2.08 0.004069 511.182 849 1.326E+10 9.8 1.179E+10

30B 2995 55.62 24.75 2.08 0.004123 504.487 854 1.325E+10 9.85 1.171E+10

31A 2996 55.61 24.54 2.14 0.004089 523.355 781 1.149E+10 11.5 1E+10

31B  2994 54.42 24.43 2.18 0.00398 547.739 732 1.057E+10 12.8 9.072E+09

32A 2996 55.79 24.41 1.64 0.00408 401.961 839 1.019E+10 12.9 8.782E+09

32B 2996 55.06 24.47 1.68 0.004037 416.151 849 1.08E+10 12.1 9.282E+09

33A 2997 55.45 24.04 2.12 0.003995 530.663 1005 1.93E+10 7.6 1.508E+10

33B 2999 55.18 24.24 2.08 0.004011 518.574 956 1.706E+10 8.3 1.382E+10

34A 2995 55.16 24.41 2.28 0.004033 565.336 986 1.979E+10 7 1.636E+10

34B 2995 55.56 24.38 2.56 0.004057 631.008 893 1.812E+10 7.6 1.504E+10

35A 2994 55.01 24.56 1.98 0.004045 489.493 874 1.346E+10 10.5 1.095E+10

35B 2995 55.78 24.56 2.04 0.004103 497.197 903 1.46E+10 9.7 1.169E+10

36A 2996 55.74 24.31 1.94 0.00406 477.833 1000 1.72E+10 8.35 1.355E+10

36B 2996 55.24 24.4 1.9 0.004038 470.53 1000 1.694E+10 8.53 1.329E+10

37A 2994 56.53 24.64 1.76 0.00417 422.062 727 8.031E+09 14.52 7.825E+09

37B 2995 55.35 24.56 1.7 0.004071 417.588 825 1.023E+10 12.55 9.234E+09

38A 2993 55.49 24.19 1.8 0.004018 447.984 883 1.257E+10 10.3 1.135E+10

38B 2994 55.7 24.66 1.74 0.004112 423.152 883 1.188E+10 12.05 9.553E+09

39A 2996 56.33 23.48 2.02 0.003963 509.715 776 1.105E+10 12.6 9.124E+09

39B 2996 56.37 23.83 1.88 0.004025 467.081 820 1.131E+10 12.63 9.028E+09
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40A 2996 55.34 24.31 1.88 0.004031 466.386 937 1.474E+10 9.6 1.21E+10

40B 2996 55.32 24.71 1.8 0.004095 439.56 917 1.331E+10 10.55 1.086E+10

41A 2998 55.86 24.39 1.72 0.004085 421.053 898 1.222E+10 10.93 1.056E+10

41B 2997 55.22 24.47 1.7 0.00405 419.753 864 1.128E+10 12.7 9.184E+09

42A 2995 55.79 24.67 1.9 0.004122 460.941 859 1.224E+10 10.7 1.091E+10

42B 2995 55.67 24.39 1.88 0.004067 462.257 908 1.372E+10 10.6 1.101E+10

43A 2995 55.85 24.4 2.42 0.004081 592.992 864 1.594E+10 8.76 1.328E+10

43B 2995 54.71 24.17 2.3 0.00396 580.808 878 1.612E+10 8.85 1.314E+10

44A 2996 55.3 24.66 2.1 0.004086 513.95 913 1.542E+10 8.9 1.294E+10

44B 2996 54.72 24.3 2.08 0.003984 522.088 932 1.633E+10 8.8 1.332E+10

45A 2996 54.29 24.42 2.1 0.003972 528.701 961 1.758E+10 7.8 1.511E+10

45B 2996 54.82 24.29 2.1 0.003989 526.448 991 1.861E+10 8.1 1.457E+10

46A 2996 55.74 24.7 2.02 0.004125 489.697 917 1.482E+10 8.7 1.329E+10

46B 2997 55.7 24.7 2.06 0.004123 499.636 913 1.499E+10 9.1 1.26E+10

47A 2996 54.7 24.57 1.78 0.004027 442.016 976 1.516E+10 9.3 1.237E+10

47B 2996 55.69 24.54 1.84 0.004094 449.438 956 1.479E+10 9.5 1.197E+10

48A 2998 56.8 23.86 1.94 0.004063 477.48 886 1.349E+10 11.45 1.003E+10

48B 2998 54.3 24.63 1.76 0.00401 438.903 893 1.26E+10 10.8 1.055E+10

49A 2998 54.4 24.67 1.8 0.004023 447.427 913 1.343E+10 9.3 1.261E+10

49B 2997 56.49 24.76 1.78 0.004192 424.618 874 1.168E+10 9.7 1.165E+10

50A 2998 55.6 24.63 2.02 0.004106 491.963 854 1.292E+10 8.46 1.356E+10

50B 2998 56.3 24.67 2.14 0.004164 513.929 849 1.334E+10 8.83 1.294E+10

51A 3000 55.7 24.94 1.94 0.004167 465.563 908 1.382E+10 7.92 1.439E+10

51B 2999 56.41 24.81 2 0.004197 476.531 824 1.165E+10 9.8 1.17E+10

52A 2992 55.87 24.76 1.64 0.004139 396.231 630 5.662E+09 16.2 7.11E+09

52B 3000 55.5 24.34 1.62 0.004053 399.704 590 5.009E+09 21 5.539E+09

53A 2995 55.69 23.96 1.92 0.003996 480.48 927 1.486E+10 9.8 1.139E+10

53B 2990 55.45 24.63 1.84 0.004084 450.539 781 9.893E+09 11.5 9.584E+09
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54A 2998 55.13 24.55 1.92 0.004058 473.139 854 1.242E+10 11.6 9.964E+09

54B 2998 56.18 24.6 1.92 0.004143 463.432 869 1.26E+10 9.2 1.237E+10

55A 2997 55.94 24.34 1.66 0.004081 406.763 952 1.327E+10 10.3 1.193E+10

55B 2997 55.75 24.36 1.66 0.00407 407.862 869 1.109E+10 12.3 9.929E+09

56A 2998 55.06 24.36 2.04 0.004021 507.336 903 1.489E+10 9.2 1.274E+10

56B 2998 55.67 24.4 2 0.004072 491.159 942 1.569E+10 8.9 1.292E+10

57A 2998 55.01 25.04 1.7 0.00413 411.622 820 9.964E+09 12.9 8.878E+09

57B 2996 56.8 24.83 1.86 0.004225 440.237 766 9.299E+09 14.6 7.704E+09

58A 2996 55.34 25.11 1.72 0.004163 413.164 893 1.186E+10 11.4 9.843E+09

58B 2996 56.31 24.72 1.74 0.00417 417.266 908 1.238E+10 10.8 1.051E+10
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